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Identifying and Sorting Tandem
Duplications and an Inverted Repeat

Developed by Holly Kotkiewicz, Jennifer Hodges, and Wilson Leung

Prerequisites

A Complex Drosophila Fosmid
Drosophila Finishing Problem Set
GEP Misassembly Tools User Guide

Files for this Exercise

The tutorial files for this exercise are available for download at the GEP web site (under
Curriculum =» Washington University = Sequence Improvement =» Resolving
Misassemblies).

Path to the Project Package

This walkthrough assumes the project package is located in your home directory (i.e. the
path to the projectis ~/1773k10/edit_dir). If you placed the project package at a different
location, you will need to change the path to the project. For example, if the project package
is on your Desktop, the path to the project would become ~/Desktop/1773K10/edit_dir.

Introduction

Many of the Drosophila ananassae Muller F element sequence improvement projects
contain multiple misassemblies. This walkthrough will demonstrate the tools and
techniques you could use to resolve these misassemblies.

Resolving misassemblies is generally not a linear process and will likely require you to
experiment with different strategies. Hence it is essential to keep detailed notes so that you
can backtrack when necessary. It may also be helpful to add descriptive words to the
names of the ACE files as you save them. Projects with major misassemblies are often
missing a substantial number of reads (e.g. because of collapsed repeats). We have created
several tools to help you search for, download and incorporate new reads into your project.
Please refer to the “GEP Misassembly Tools User Guide” for additional instructions on how
to identify projects with missing reads and on how to retrieve missing reads from the NCBI
Trace Archive.

Note: In this walkthrough, we will perform many tears and joins in order to

resolve the misassemblies. Consed will assign a new number to each contig

each time you perform a tear or a join. Consequently, depending on the order

in which you perform these steps, the contig numbers shown in this exercise

might not correspond exactly to the contig numbers in your project. 1
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Examine Forward/Reverse Mate Pairs with Assembly View

Launch X11 and open a new xterm; then navigate to the edit_dir of the D. ananassae project
1773K10 (cd ~/1773K10/edit_dir). Enter consed& at the xterm prompt. The “&” will keep
your terminal active in case you need to use it later. Open 1773K10.fasta.screen.ace.1.
Select “No” if a prompt appears which asks if you would like to apply edits from the edit

history (.wrk) file.

Click on the “Assembly View” button on the Consed Main Window to assess the current
state of the assembly (Figure 1). The large number of red lines under the grey contig boxes
indicates that there are multiple misassemblies in this project (Figure 2).
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Figure 1 Click on the “Assembly View” button to get a general overview of the project.
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Figure 2 Initial Assembly View shows multiple sets of inconsistent forward-reverse mate pairs.

By default, Assembly View will only show inconsistent mate pairs and consistent mate
pairs that span multiple contigs. To see all the consistent forward/reverse mate pairs, click
on “What to Show” and then click on “Fwd/Rev Pairs”. Toggle “on” the following options:



Last Update: 12/17/2012

* show consistent fwd/rev pair depth

* show each consistent fwd/rev pair within contigs

* show gap-spanning fwd/rev pairs

* show consistent fwd/rev pairs between diff scaffolds
* show legs on squares for consistent fwd/rev pairs

The upper dark triangle on the top left corner of the small box indicates that the item is
enabled. Click “Apply” once you have enabled all of the check boxes (Figure 3).
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Figure 3 Enable all the options to show both consistent and inconsistent mate pairs in Assembly View

Dismiss the dialogue box and you should see many dark blue triangles above the grey
contig boxes in Assembly View. These blue triangles denote consistent forward/reverse
mate pairs (Figure 4). Note that we need to enable these options again in order to show the
consistent mate pairs when we restart Assembly View.
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Figure 4 Blue triangles above the grey contig boxes indicate consistent forward/reverse pairs.
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Using High Quality Discrepancies to Identify Misassembled Regions

A typical first step when dealing with misassemblies is to look for regions with multiple
high quality discrepancies. These discrepancies can usually be attributed to either
polymorphisms or misassemblies. If they are judged to indicate misassemblies, we can tag
the discrepant reads to tell phrap not to overlap the reads if they differ at that position.

By default, consed considers discrepant bases with a quality score of 40 or above to be a
high quality discrepancy. While this default threshold works well in general, many
misassemblies are caused by repetitive sequences that are more difficult to sequence and
are therefore more likely to be low quality. Consequently, for projects with major
misassemblies, we might want to lower the high quality discrepancy threshold in order to
increase the sensitivity in detecting potentially misassembled regions. Because we consider
bases with a quality score of less than or equal to 30 to be low quality, we will change the
high quality discrepancy threshold from 40 to 31.

To change the high quality discrepancy threshold, click on the “Options” button on the
Consed Main Window and select “General Preferences”. Change the value of the “Threshold
for High Quality Discrepancy (lowest high)” field to 31 and then click on the “Apply &
Dismiss” button.
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Figure 5 Change the threshold for high quality discrepancy from 40 to 31.
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To see all the regions with multiple high quality discrepancies using this new high quality
discrepancy threshold, click on the “Navigate” button on the Consed Main Window and
select “Multiple High Quality Discrepancies” (Figure 6).
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Figure 6 Four regions in this project with multiple high quality discrepancies

A new dialogue box will appear which shows that there are four positions in the assembly
with multiple high quality discrepancies. To navigate to these discrepant regions, highlight
the first discrepancy (Contig7 at position 2,325) in the navigation dialogue box and click
“Go”. You should tag these regions to not overlap unless you have good evidence for
polymorphism. (Given the high repeat density, we suspect that the reads with high quality
discrepancies are derived from different copies of the same repeat. However, be sure to
inspect the traces to confirm that the discrepancies are high quality.)

To tag each of these positions, go back to the “Multiple High Quality Discrepancies”
dialogue box and click on “Tell Phrap No Overlap”. This will add an orange
“markedHighQuality” tag to all the reads at this position (Figure 7). Repeat this step for the
other three regions with multiple high quality discrepancies in contigs 7 and 8. Save the
assembly (1773K10.fasta.screen.ace.sorting).

Note: For teaching purposes, you will find the ACE files described in this
walkthrough in the edit_dir of the project directory. If you would like to save
the assembly without overwriting these ACE files, you could append your
initial) to the name of the ACE file described in this walkthrough when you
save the assembly (e.g. 1773K10.fasta.screen.ace.sorting.WL).
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Figure 7 The orange “markedHighQuality” tags tell phrap not to overlap discrepant reads at this position.

Using Miniassembly to Assemble a Subset of Contigs

Click on the “Miniassembly” button in the Consed Main Window. This will bring up the
“Reassemble Some Contigs” dialogue box. Select Contig 5 under the “All Contigs” section
and then hold down the shift key to also select contigs 6, 7, and 8. Click on “Move
Highlighted to Right”. Once these contigs appear under the “Contigs to Reassemble” section,
click on the “Reassemble” button to assemble these four contigs (Figure 8).
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Figure 8 Reassemble contigs 5, 6, 7, and 8 using Miniassembly.
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Miniassembly will construct a new assembly using all the reads found in contigs 5, 6, 7 and
8, and it will not overlap reads that are discrepant at the positions we have tagged
previously. After Miniassembly is complete, you should see a new dialogue box that asks if
we are finished with Miniassembly (Figure 9). Click on “Yes” to dismiss the “Reassemble
Some Contigs” window. Save the new assembly (1773k10.fasta.screen.ace.sorting.1).

e OO0 \ dialog_popup
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Figure 9 Click on "Yes" to dismiss the “Reassemble Some Contigs” window after Miniassembly is complete.

Open Assembly View so that we can examine the state of the project after Miniassembly.
Assembly View shows that our project still consists of four major contigs with multiple
clusters of inconsistent forward reverse mate pairs (Figure 10). In addition to the four
major contigs, Miniassembly also created a small (3 reads, 877bps) Contig5, which is not
shown in Assembly View under the default settings. We will defer incorporating Contig5
into the main assembly until we have resolved the misassemblies among the major contigs.
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Figure 10 New Assembly View shows contigs 6 and 9 are in the complemented orientation

Notice Contig6 and Contig9 have a small “c” after their contig numbers. This indicates that
there are forward/reverse mate pairs that anchor these contigs in the complemented
orientation relative to the scaffold. Consequently, we need to complement contigs 6 and 9
so that these contigs are in the correct orientation with respect to the other contigs.

Click on “Contig Arrangement” and select “Reorient Contigs”. Select “7-6¢-8-9¢” under the
“Select a scaffold” section and select “Make all contigs the same orientation as the scaffold
(remove each ‘c’) and retain the scaffold orientation and the new orientations of all its
contigs” (Figure 11). Click on “Apply and Restart Assembly View”. This will put contigs 6
and 9 in the correct orientation. Save the assembly (1773K10.fasta.screen.ace.sorting.2).
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Figure 11 Complement contigs 6 and 9 so that they are in the orientation suggested by Assembly View.

Identifying the Fosmid Ends

Another step in resolving the misassembly is to identify the fosmid ends and mask reads
(i.e. change to X’s) that extend beyond the insert/fosmid boundary. This will help us
elucidate the relative order and orientation of the contigs and demarcate the misassembled
regions in our current assembly. In the Consed Main Window, type “end” in the text box
next to the “Find reads containing (*'s allowed)” field (Figure 12). A new dialogue box will
appear with a list of the fosmid end reads that are found in this project (Figure 13).

Find reads containing (*'s allowed): | end l.‘..learl

Figure 12 Search for the fosmid end reads using the "Find reads containing" field in the Consed Main Window.

e O O \ Click on a Read
Click on the read you want to view in the Aligned Reads Hindow

fosnidendacl1773K10.b1  Contig? (~1005 bps fron 388 to 1325 )
fosnidendacl1773K10.g1 Contig9 (~844 bps fron 12726 to 13533 )
fosnidendwgc1773K10c.bl  Contig7? (~968 bps fron 326 to 1226 )
fosnidendugcl1773K10c.gl  Contig9 (978 bps fron 12703 to 13643 )

Figure 13 The fosmid end reads in the project 1773K10.

Click on the read fosmidendac1773k10.b1. This read is placed at Contig7 from 388 to 1,325.
Notice that fosmidendwgc1773K10c.b1 is also in Contig7 at approximately the same location.
However the beginning of that read starts with X’s (i.e. clipped vector sequences). This is
the left end of the fosmid 1773K10. The high quality data to the left of position 383 are
extra data from the whole genome reads that extends beyond the end of the fosmid.
Consequently, we will change all of the bases to the left of consensus position 383 to X's.
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Left click on the consensus position at 382 in the Aligned Reads window and then select
“Change to X's to Left in All Reads” under “Misc” (Figure 14). Consed might, as it does in this
case, change the consensus coordinates and the first unmasked base is now at consensus
position 389. Click on base 389 of the consensus and select “Add Clone End Tag with Insert
to the Right” under “Misc” (Figure 15). Use the “Click on A Read” dialogue box to navigate to
the end of Contig9 and add a “cloneEnd” tag to the other end of the fosmid clone by
selecting the option “Add Clone End Tag with Insert to the Left” under “Misc”. Save the new
assembly (1773K10.fasta.screen.ace.sorting.3).
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Figure 14 Change bases to the left of base 383 in the consensus to X's.
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Figure 15 Add clone end tag with insert to the right at position 389 of the consensus.

When you restart Assembly View, the clone end tags will appear as salmon colored arrows
that point toward the insert (Figure 16).
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Figure 16 The salmon colored arrows in Assembly View mark the locations of the fosmid clone ends.

Analyzing a Duplication Using crossmatch

At this point, we have established a basic framework for this assembly by tagging the
fosmid clone ends and breaking apart regions with obvious misassemblies as indicated by
the presence of multiple high quality discrepancies. The next step is to identify the different
repeat copies that are in this project and place the reads in the correct copy of the repeat.

We will start by analyzing the repeat structure in our current assembly using crossmatch.
Select the “What to Show” button at the bottom of Assembly View and then click on
“Sequence Matches.” Click on “run crossmatch” (Figure 17).

® OO [X| Which Sequence Matches to Show in Assembly View
Help |

| o st [ o ;0 |

Figure 17 Run crossmatch to identify repetitive regions within the assembly.

Repetitive regions will be shown graphically in Assembly View after you ran crossmatch.
The orange boxes and lines denote direct repeats and the black boxes and lines indicate
inverted repeats (Figure 18).
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Figure 18 crossmatch found multiple direct (orange) and inverted (black) repeats in our project.

10
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Left click on the repeats at the right end of Contig7. A new dialogue box will appear which
shows four different repetitive regions (Figure 19).
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Figure 19 Sequence Matches dialogue box showing sequence similarity within and between contigs.

According to the Sequence Matches dialogue box, the right end of Contig7 (7,578-8,242)
matches perfectly with itself near the beginning of Contig7 (2,362-3,026) for 664 bases.
Hence this part of the contig contains a direct repeat (also known as a duplication). Double
click on this match or highlight it and click on the “Show Alignment” button. This will bring
up a “Compare Contigs” window with the alignment between these two repeat copies. We
can see high quality discrepant bases just before the beginning of this repeat (Figure 20).
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Figure 20 Alignment between the repeat copies at the beginning and at the end of Contig?7.

To summarize our analysis thus far, the first copy of the duplication begins at 2,362 in
Contig7 and ends at 3,026. The second copy of the duplication starts at 7,578 and

terminates at the end (8,242) of Contig7. We will refer to this duplication as Duplicate 1.
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Because the second copy of this duplication terminates at the end of Contig7, there could be
additional data beyond the end of the first copy of the repeat at 3,026 that actually belongs
to the second copy. This data might have been misassembled into the wrong copy of the
repeat because of the high degree of similarity between the two repeat copies. Data
misassembled like this is known as “buried data” because it is “hiding” in the wrong repeat
copy. The next step is to ascertain if there is any evidence of buried data and to determine
the extent of the duplication.

Looking at the Sequence Matches window, we noticed there is another duplication between
the beginning (1-2,346) of Contig6 and the middle part (3,416-5,761) of Contig7, with
99.7% similarity. We will refer to this duplication as Duplicate 2. This is likely the second
part of the duplication. Consequently, our analysis suggests the actual duplication could be
much larger and it could encompass both Duplicates 1 and 2. The gap between contigs 7
and 6 might have interrupted the second copy of this much larger duplication (Figure 21).

|| Duplicate 1 (664 bp, 100% similarity)
77 Duplicate 2 (2345 bp, 99.7% similarity)

4

Buried data
Figure 21 Proposed model of the large duplication between contigs 6 and 7.

Identifying Unclipped Vector Sequences

Because we will rely heavily on high quality discrepancies to distinguish different repeat
copies from each other, we should be aware of the fact that some of the high quality
discrepancies could be attributed to unclipped sequencing vectors at the beginning of the
D. ananassae reads.

Unclipped vector sequences are typically found within the first 50 bases of the read at the
vector/insert junction. For the D. ananassae whole genome plasmid library, this junction is
an EcoRl restriction site (with the sequence GAATTC). (This sequence may be different for
other libraries.) The EcoRI cut site is preceded by the sequence “GTGTGGTG” on the
positive strand (Figure 22) and followed by the sequence “CACCACAC” on the minus strand
(Figure 23). In the rest of this walkthrough, we will ignore these unclipped vector
sequences because they are not genuine discrepancies. You may want to mask these vector
sequences so they do not appear on any subsequent discrepancy lists. To change the vector
sequences to X’s, middle click on the edit (edt) line at the EcoRI cut site in the Trace
Window and select “Change to x’s to [left, right]” as appropriate.

12
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Figure 22 Unclipped vector sequence at the beginning of the read 25128611P05.b1

® O @ X| Trace Window: Contigb

Disniss |

I24838811[]12.g1 con k&
rd §

|
con
H I it |
v I BN rhd

Scroll A
Together? ﬁl il

Renove indo

Help Insert | prev I Disniss | next | Help Delete

Figure 23 Unclipped vector sequence in read 24838811D12. g1 on the reverse strand.

Identifying Buried Reads in Contig7

To test the hypothesis that some of the reads that spanned contigs 6 and 7 might have been
buried in Contig7, we will examine the alignment between these two regions more closely.
Double click on the 2.3kb match (Duplicate 2) between contigs 6 and 7 or highlight it and
click on the 'Show Alignment' button in the Sequence Matches dialogue box. Then click on
the 'Next Discrepancy' button in the Compare Contigs window (Figure 24).

This will bring up the Aligned Reads windows for both Contig6 and Contig7 at the first

discrepant position (i.e. base 20 in Contig6). The first two discrepancies that come up are in
a low quality area on Contig6 so they should be ignored.
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e OO0 X/ Compare Contigs
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Figure 24 Click on the "Next Discrepancy" button in the Compared Contigs window to navigate to the next
base discrepancy between the aligned region of contigs 6 and 7.

The third discrepancy at base position 122 of Contigb is higher quality so we will take a
closer look at this region. Open all the traces on Contig6 at this position by middle clicking
on each trace. We can see that the consensus at this position is based on the C from the
sequencing vector in the read 34372111118.b1 instead of the real base (T) in the other two
reads (Figure 25). Therefore, we need to change the consensus to the correct base. In the
Trace Window, middle-click the “T” on the edit (edt) line for one of the traces (i.e.
25104011021.b1 or 38176500P19.b1) with the correct “T” base and select “Change Consensus”.

Click on the “Next Discrepancy” button in the Compared Contigs window again. This should
take you to a genuine base pair change between the repeat copies in Contigé and Contig7
(T versus A, Figure 26). Add a comment tag to both positions to indicate that the
discrepancy is real. Place the cursor on the Contigb6 consensus at base 628. Middle click,
select “comment” and enter the comment “base pair change” in the text box and then click
“OK”. Repeat the same steps to add the same comment to position 4,043 on Contig7. Then
save the assembly (1773k10.fasta.screen.ace.sorting.4).

Based on our analysis of the high quality discrepancies, we have successfully defined the
boundary of where the data for the gap between contigs 6 and 7 could have been buried.
We will look for evidence of buried data from 2,362 (beginning of Duplicate 1) to 4,042 (the
base before the first genuine high quality discrepancy between contigs 6 and 7) in Contig?7.
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Figure 25 Incorrect discrepant consensus base C caused by unclipped vector in 34372111L18.b1
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Figure 26 Discrepant base in Contigé (T, left) versus Contig7 (A, right) within the duplication.
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We will use the inconsistent forward/reverse mate pairs between contigs 6 and 7 to help
us identify reads that were misplaced. In Assembly View, highlight the red “v” lines
between contigs 6 and 7 within the duplication. A new “Clicked Forward/Reverse Pairs”
window will appear with a list of inconsistent mate pairs (Figure 27).

e OO0 N\ Assembly View

IIelpJ

|| 1=
I
Zoon InI Zoon l]utl Zoon Orig Hhat to Shoul Contig llrrangenentl Find Hain Hin| Find Contigl I:
Disniss I
® 00 || Clicked Forward/Reverse Pairs

read strand left right

35381711N23.b1 -> Contig7 2359-3242 inconsistent because: too far from end of contig. !“
35381711N23.g1 <- Contigh 937-1859 inconsistent hecause: too far from end of contig. ]
25097711H16.b1 -> Contig7 2481-3425 inconsistent because: too far from end of contig.
25097711H16.g1 <- Contigb 1469-2409 inconsistent because: too far from end of contig.
34340411M15.b1 <- Contigh 2132-2913 inconsistent because: too far from end of contig.
34340411M15.g1 -> Contig7 2549-3371 inconsistent because: too far from end of contig.
34370611324 .b1 -> Contig7 2602-3346 inconsistent because: too far from end of contig.
34370611J24.g1 <- Contigh 1567-2310 inconsistent because: too far from end of contig.
22750811H05.b1 <- Contigh 2000-2898 inconsistent because: too far from end of contig.
22750811H05.g1 -> Contig?7 2616-3496 inconsistent because: too far from end of contig.
25114211B04.b1 -> Contig7 2624-3553 inconsistent because: too far from end of contig.
25114211B04.g1 <- Contigh 1577-2390 inconsistent because: too far from end of contig.
22776011P06.b1 <- Contigh 1556-2491 inconsistent because: too far from end of contig.
22776011P06.g1 -> Contig7 2672-3458 inconsistent because: too far from end of contig.
24801811N21 .b1 -> Contig?7 2830-3715 inconsistent because: too far from end of contig.
24801811N21.g1 <- Contigh 2837-3623 inconsistent because: too far from end of contig.
24882211E19.b1 <{- Contigh 1731-2604 inconsistent because: too far from end of contig.
24882211E19.g1 -> Contig7 2867-3680 inconsistent because: too far from end of contig.
25197811C21 .b1 <- Contigh 1720-2553 inconsistent because: too far from end of contig.
25197811C21.g1 -> Contig7 2954-3853 inconsistent because: too far from end of contig.
22313611C23.b1 -> Contig7 3062-3840 inconsistent because: too far from end of contig.
22313611C23.g1 <- Contigh 2208-2996 inconsistent because: too far from end of contig.
34377411B12 .b » Contig?7 3163-4084 inconsistent because: far from of contig. !

<

Go I Prev I Next ] Save I Pull Out Reads ] Disniss I

Figure 27 Inconsistent mate pairs between contigs 6 and 7.

Notice that the reads are inconsistent because they are too far from end of Contig7. Most of
these reads fall within the region where we are looking for buried data (i.e. 2,362-4,042).
The only read on this list of inconsistent reads that extends beyond this range is
34377411B12.b1, which terminates at 4,084. It is safe to move this read because the region
that extends beyond the buried data range is very low quality (Figure 28).
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Figure 28 We can pull the read 34377411B12.b1 out of its current location. The region of the read that
extends beyond the buried data range is unreliable because it is very low quality.

Extract and Reassemble the Buried Reads

Collectively, our analysis suggests that the inconsistent mate pairs in Contig7 might have
been placed in the wrong copy of the duplication. We will pull these reads out of their
current location using Assembly View. In the “Clicked Forward/Reverse Pairs” dialogue
box, click on “Pull Out Reads”. This will bring up a new window “Put Reads Into Their Own
Contigs”. Select all the reads in Contig7 by left clicking on the first Contig7 read on the list
(24882211E19.b1). Then scroll to the last Contig7 read, press and hold down the shift key
and select the last inconsistent mate pair read (34377411B12.b1) in Contig7 (Figure 29).
Click on the “Remove Highlighted Reads” button to pull out these reads. Save the assembly
(1773K10.fasta.screen.ace.sorting.5).

e OO X/ Put Reads Into Their Own Contigs

to highlight the reads, you can left nouse click
to start a group and then hold down the shift key
and left nouse click to mark the end of a group

22313611C23,g1 <- Contigh 2208-2996 inconsistent because: too far fron end of contig, lib
34377411B12.g1 <- Contigbh 2335-3163 inconsistent because: too far from end of contig. lib
24801811N21.,g1 <- Contigbh 2837-3623 inconsistent because: too far from end of contig, lib
35381711H23.b1 2359-3242 inconsistent because:
25097711H16.,b1 2481-3425 inconsistent because:
34340411115, g1 2549-3371 inconsistent because:
134370611.J24 ., b1 2602-3346 inconsistent because:
[22750811H05, g1 2616-3496 inconsistent because:
25114211B04,b1 2624-3553 inconsistent because:
[22776011P06. g1 2672-3458 inconsistent because:
24801811H21,b1 2830-3715 inconsistent because:
[24882211E19. g1 2867-3680 inconsistent because:
25197811C21 ., ¢1 o7 2954-3853 inconsistent because: 2
22313611C23.b1 Contig7 3062-3840 inconsistent because: contig,
34377411B12.b1 ig7 3163-4084 inconsistent because:

Renove Highlighted Reads | Save Highlight Reads To File| Disniss [

Figure 29 Remove all the inconsistent mate pair reads on Contig?7.
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Next, we will try to reassemble the twelve reads that we just pulled out of Contig7 using
Miniassembly. Go back to the Consed Main Window and click on the “Miniassembly”
button. This will bring up the “Reassemble Some Contigs” window. Verify that the twelve
reads (contigs 10-21) we have just pulled out of Contig7 are listed in the “Contigs to
Reassemble” box (Figure 30). Click on the “Reassemble” button.

e O O X| Reassemble Some Contigs
All Contigs: Contigs to Reassenble:
Contigl: 25194411J19,.b1 Contigl0: 22313611C23.b1
Contig2: 37729500G07,.g1 Contigll: 22750811H05,g1
Contig3 (2 reads, 921 bps: Contigl2: 22776011P06.g1
Contigd {2 reads, 833 bps] Contigl3: 24801811NH21.b1
Contigh (3 reads, 877 bps! Contigld: 24882211E19.¢g1
Contigh (54 reads, 3843 by Contiglb: 25097711H16.b1
Contig? (114 reads, 8314 I Contigl6: 25114211B04.b1l
Contig8 (191 reads, 16372 Contigl?: 25197811C21.g1
Contigd (223 reads, 13538 Contigl8: 34340411H15.g1
Contigl0: 22313611C23.b1 Contigl9: 34370611J24.b1
Contigll: 22750811H05.g1 Contig20: 34377411B12.b1
Contigl2: 22776011P06.g1 Contig21l: 35381711N23.b1
Hove Highlighted To Rightl Clear Listl
Clear Highlightedl

-ninscore IE -ninnatch IE —forcelevel F

other phrap options: F

Hhat to do with niniassenbly singlet reads:

4 Put into separate contigsl + Discard fron assenbly |

Reassenble | Cancel

Figure 30 Reassemble the twelve reads we have just pulled out of Contig7.

After Miniassembly has been completed, a dialogue box will appear asking: “Are you
finished mini-assembling these contigs?” Click on 'Yes' to dismiss this dialog and the
“Reassemble Some Contigs” window. There should be a new navigation box, which shows
the new contig (Contig10, Figure 31). Save the assembly
(1773K10.fasta.screen.ace.sorting.6).

e OO0 X/ New Contigs

Go I Prev | Next I Save | Disniss I

Figure 31 Miniassembly assembled the twelve reads misplaced in Contig7 into a single contig.

Resolve the Duplication Using the Newly Assembled Contig

In the “New Contigs” window, double click on Contig10 and then navigate to a high quality
area at the beginning of the contig. Search for String using the consensus sequence from
positions 100-150. There should be three matches (Figure 32).
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®O® X| Aligned Reads
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Figure 32 Two regions in Contig7 matches Contig10 from 100 to 150.

Because we just pulled the Contig10 reads out of the first copy of the duplication in Contig7
(i.e. the match at 2,458-2,508), we will try to join Contig10 with the second copy of the
duplication in Contig7, that at 7,674-7,724.

Navigate to the Contig10 match and click on “Compare Cont”. Open the Contig7 match at
7,674-7,724 and click on “Compare Cont”. Then click on “Align” in the Compare Contigs
window. We need to examine the alignment carefully before we join the contigs together.
Specifically, we will look for high quality discrepancies in the alignment because they allow
us to distinguish different copies of a repeat from each other. Because there are no high
quality discrepancies in the alignment, we can join the two contigs together by clicking on
the “Join Contigs” button. The new contig is Contig11.

Open the Aligned Reads Window for Contig11. Click the triple arrow button “>>>" to
navigate to the right end of the contig. Use the single left arrow button “<” to scroll to the
left until you reach a high quality region. Search for String from position 9,000 to 9,030.
There should again be three matches (Figure 33).

X\ Aligned Reads
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X| Search For String 8 00 X/ Searching Contigs
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Query strings
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Figure 33 Search for String using the end of the new Contig11 results in three matches.

To close the gap, we will join the end of Contigl11 (at 9,000-9,030) with the beginning of
Contigb (369-399). Compare the two regions using the “Compare Cont” button and the

Compare Contigs window, examine the alighment and join the two regions together. The
new contig is called Contig12. Save the assembly (1773K10.fasta.screen.ace.sorting.7).
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To verify that we have resolved the duplication, we will examine the region in Assembly
View. Open Assembly View and then run crossmatch. Click on the large duplication at the
beginning of Contig12. We see that the total size of the duplication is ~3.4kb (Figure 34).

8 O O N\ Assembly View
Help
n
X/ Sequence Matches
copy copy size sinilarity
1 2
2362-5761 to Contigl? 7578-10977 {not conp) 3399 99.8
Shouw Alignnent Disniss -
Shou Alignnent | Disniss| y
|| [P~

Zoon In| Zoon Outl Zoon l]r.i.gl Hhat to Shou] Contig Hrrangenentl Find Hain llinl Find Contigl I:

Disniss I

Figure 34 The beginning of the fosmid contains a ~3.4kb duplication with 99.8% similarity.

Sorting the Large Inverted Repeat

The black boxes and lines in Assembly View indicate there is a large inverted repeat that
involves all of the major contigs (12, 8, and 9). The crossmatch results also show a direct
repeat between the end of Contig8 and the beginning of Contig9. We will resolve the
misassembly in this region first because there could be a potential join.

X| Sequence Matches

copy copy size sinilarity

15153-16331 to Contig9 43-1222 {not conp) 1179 99.8

Figure 35 Sequence match at the end of Contig8 and beginning of Contig9.

Resolving the Misassembly in Contig9

Click on the direct (orange) repeat at the end of Contig8 in Assembly View. Select the match
between the end (15,153-16,331) of Contig8 and the beginning (43-1,222) of Contig9 in the
Sequence Matches window and then click on “Show Alignment” (Figure 35). Using the same
strategy as we have described above, we will look for and carefully examine any high
quality discrepancies within this alignment. Click on the “Next Discrepancy” button to
navigate to the first discrepant position between the two repeats (Figure 36).
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Figure 36 First high quality discrepancy between the repeats in contigs 8 and 9.

The first genuine mismatch is found in Contig8 at 15,300 and Contig9 at 190. In the Aligned
Reads window of both contigs 8 and 9, create a comment tag on the mismatched base with
the comment “base pair change”. Because both the direct repeat and the presence of
multiple consistent forward/reverse pairs indicates that there is a potential join between
contigs 8 and 9, we will examine the subclones that contain these base discrepancies more

closely (Figure 37).
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Figure 37 Reads with a discrepant base in contigs 8 and 9 are highlighted in purple.
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For each discrepant read, we will try to locate its mate pair in the current assembly. Left
click on the read name on the Aligned Reads window to copy it and then middle click to
paste the name into the “Find 1st read above starting with:” textbox on the Consed Main
Window. Because the mate pair has the same prefix as the read you have selected, the mate
pair read will either be just above (for selected reads with g1 suffix) or below (for selected
reads with b1 suffix) the highlighted read in reads list box (Figure 38).

% of Reads: |803

34512511C02.b1 Contigd (~978 bps fron 5297 to 6224 }
34512511C02,.g1 Contigd (¥984 bps fron 3307 to 4224 )
34515011G06.b1 Contigl2 (*844 bps fron 7296 to 8111 )}
34515011G06.g1 Contigl2 (846 bps fron 5267 to 6070 )
34516411008.b1  Contigd (~864 bps fron 1 to 858 )
34516411D08.g1 Contig3 (~818 bps fron 104 to 921 )
134516511K23.b1  Contig8 (“867 bps fron 14,826 to 15,649 )
34516511K23,g1  Contigd (7925 bps fron 2961 to 3813 )

Clearl

Find reads containing (*'s allowed): |}

Find 1st read above starting with: 34516511K23, b1]

Figure 38 Using the "Find 1st read above starting with" field to locate the mate pair read.

The placement of the discrepant reads and their mate pairs is summarized in Table 1:

Table 1 Placement of the discrepant reads and their mate pairs

Discrepant read Location Mate pair read Mate pair location
25178011320.b1 Contig8:14518-15513 25178011320.g1 Contig8:11793-12787
24941711H02.b1 Contig8:14536-15352 24941711H02.g1 Contig8:11803-12742
22399111N13.b1l Contig8:14755-15591 22399111N13.g1 Contig8:11319-12234
34516511K23.b1 Contig8:14826-15649 34516511K23.g1 Contig9:2961-3813
25117011G13.b1l Contig8:14898-15758 25117011G13.g1 Contig8:11496-12444
25198011D04.b1 Contig9:1-812 25198011D04.g1 Contigl2:10367-11274
25054611015.b1 Contig9:55-937 25054611015.g1 Contigl2:10641-11477
34306311P20.g1 Contig9:89-991 34306311P20.b1 Contigl2:9956-10498

Connect Contig8 with Contig9 [ ] Connect Contig9 with Contig12

Four out of five of the discrepant reads on Contig8 have consistent mate pairs that are also
placed on Contig8. The only exception is the mate pair for 34516411K23.b1, which is found
on Contig9. Examination of the mate pair of 34516411K23 shows that they are in the correct
relative orientation, thereby supporting the suspected join between these two contigs.

In contrast, the three reads that are discrepant at position 190 on Contig9 (25198011D04.b1,
25054611015.b1, 34306311P20.g1) have mate pairs that are placed on Contigl12. Because the
beginning of Contig9 have inconsistent mate pairs with both Contig8 and Contigl12, we
know that this end of the repeat copy on Contig9 is misassembled and needs to be torn out.
However, we have not yet determined the extent of the misassembly at the beginning of
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Contig9. Hence our next step is to use the high quality discrepancies to help us determine
precisely how much of Contig9 has been incorrectly assembled.

To do this, go back to the Compare Contigs window and click “Next Discrepancy.” Consed
will navigate to the next base pair change between contigs 8 and 9. Create a comment tag at
each of the discrepant positions with the comment “base pair change”. Repeat the same
process and create comment tags for all the remaining genuine discrepancies. Save the
assembly (1773K10.fasta.screen.ace.sorting.8).

The last base pair change in Contig9 occurs at position 499 (Figure 39). Given that the
alignment terminates at the end of Contig8 and there are no additional discrepancies
beyond this position, the misassembly is likely limited to this part of Contig9. Consequently,
we will use the discrepant position (C versus *) at position 499 to dictate whether each
read should be placed on the new left or new right contig when we tear this contig apart.
All the reads with a high quality C at position 499 in Contig9 will be sent to the new left
contig when we tear the Contig9 at this position.

%| Compare Contigs

Contig8 conplenent just in this window

15160 15170 15180 15190 15200 15210 15220 15230 15240 15250 15260 1527

cgtgcl:*tgtcccggggDccagcgaccacggcgtggcacatattcatataaagctacgttctgaaaatata*ttaaaacgtatgattatattagcg*atcgaat*aatactaaataatgg*at
|:gtgcc1|;gtccvT"gggglI:Dcag?gaccrTlcggc$tggc?cata1|:tcat?taaa$ctac$ttDtgaaaa1l:atat1|:aaaalI:gtat$attatl:attag\:gat?gaat«?atac‘tl:aaat?atgg?ttat‘:a

50 60 70 80 90 100 110 120 130 140 150 160
Contig9 conplenent just in this uinduul
Align |
15550 15560 15570 15580 15590 15600 15610 15620 15630 15640 15650 15660 il

ATARAGCGAGT TAATGGGTARAT TLARAT TCGATCATEGLGEGCTCCGTGT TEEECAGCET CAGARACAT GTGATGLGET TATGGGTCCAGTAT TEL TCAAT TEGET TCAGARRAT TTTAAGAD
5 XK
ATARAGCGAGTTAATGEEEARATTCARATTCBATCATGECOE6C TECGTG T TERECAGCG TCABARACATGTEATECGET TATGEETCCAGTAT TEC TCAAT TEGET TCAGARAATTTTAAGAC

440 450 460 470 480 490 . 500 510 520 530 540 550 5
. Aligned Reads e O O \| Aligned Reads
File MHNavigate Info Color Din Hisc Sort Help File HNavigate Info Color Din Hisc Sort Help

I1773K10 fasta,screen.ace,.sorting.,! IContigS Sone Tags| Pos: r clearl I1773K10 fasta,screen,ace,sorting.8 IContigB Sone Tags| Pos: IT clear
Search for String| Conpl Cont| Conpare Cont| Find Hain Min| Err/10kb: r Search for String| Conpl Cont| Conpare Cont| Find Hain Hin| Err/10kb:

&

GTGTTGGGCAGCGTCACARACATGTGATGEGGTTATI
GTGTTGBGEQGCGTE ACATGTGATGCGGTTATI

ctgotgggcascote acctgogasgecgttaty AT ATETLATEELETTAT!
GTGTTGGGCAGCGTCACARACATGTGATGEGGTTATI =1 CGTGTTEOECAXGLETLARRACATETEATECGETTAT

511K CGTGTTGGGLAYGEGTCARAREATLTLATLELLTTATL

GTLTTGLGCAGEGTCACARACATLTGATGLLGLTTATI 11 CGTGTTGGGCQ*GEGTCF QQF}EQTGTGQTBEGGTTQT[
GTGTTGLGEAGEGTCACARACATLTLATGLLLTTATI = al
et tcbgocAGCGTCACARAEATLTLATGELLTTAT( 2

atgttgescagegtcachaacatgtgatgcggttaty
otgttgggcagegteacaaacatgtgatgcGhT Taty

e ________________________________ M«
ﬁ] ﬁl ﬂ Prev| Next l] 2‘ )_»] cursor Ii‘eads sorted by strand ar disniss| | ﬁl ﬁ] S] Prev| Next ﬂ 2] 2‘ cursor Ii‘eads sorted by strand and disniss

Figure 39 Use the last discrepant position between contigs 8 and 9 to determine which of the reads should be
sent to the new left contig when tearing Contig9 apart.

11!
11P15.b1
11B14.

11H11 .

il VFVYVVF

El

On Contig9 at position 499, click on the “C” on the consensus, click the right mouse button
and select “Tear contig at this consensus position”. We need to highlight all the reads with
the “C” at consensus position 499 to send them to the left. Highlight the names of all the
subclones except for 31171111Ge7.g1, 25194411319.¢g1, and 24884311G11.g1 (Figure 40). Click
on the “Do Tear” button on the Tear Contig window to tear Contig9 into two new contigs,
13 and 14. Save the new assembly (1773Kk10.fasta.screen.ace.sorting.9).
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e OO0 \| Tear Contig

Where are all of the read names?

Use the read names in the Aligned Reads Window. Click to highlight any that
you want to go into the new left contig. Any unhighlighted reads will go into
the new right contig.

| ] 13
8 O 0O \| Aligned Reads
File MHavigate Info Color Din Hisc Sort Help

|1773K10 fasta,.screen.ace,sorting.8 IContigS Sone Tagsl Pos: |~ clearl
Search for Strlngl Conpl I:ontl Conpare Contl Find Hain Hin| Err/10kb: I 31.10

Al

TCATGGCGGGETCCGTGT TGGGEAGEGTCACARRCATGTGATGEGGTTATGGGTCCAGTATTGET!
TCﬂTGGCGGGCTCCGTGTTGGGCQGCGTCQCﬁﬁﬁCnTGTGQTGCGGTTQTGGGTCEQGTQTTGET
Ec*tggcgggct tggec ccicaa gcogttatggeteecy
TCATGGCGGGCTCCGT TTGGGCQGCGTCQEQQQCQT QTGCGGTTQTGGGTCEQGTQTTGCT
_CATGGLCGGGETCCGTOT TGLGLAGEGTCACARRCATLGTLATGELLTTATLLGTCCAGTATTLET
GTGGTGE aaTTCCCGTGTTGGGCAGEGTEACAQQCGTGTGHTGCGGTTGTGGGTCCQGTQTTGCT
o aattcGg -cQGCGTCQCAAQCQTGTGHTGCGGTTQTGGGTECQGTQTTGCT
3117111106¢ ~
gCggee ttggocagecgtcachaacatgtgatgoggttaty ccagtattgc
tcﬂgcgggctccgtgttgggca it caaacEtgtgatchGTTatg cCAGTAttget
TCﬂTGGCGchtCCGTGTTGGGCQGCGTCQCQﬂﬂCﬂTGTGQTGEGGTTQTGGGTEEQGTQTTGCT
Tottoaaaatagoeepacacatotooctotts tgctottaagfEc

|
|
|
|
|
-
|
|
—ll
—ll
—ll
—ll
—ll

Ef

ﬁl ﬁ] il Prevl Hext ll 2' EI cursor”i disnissl
Figure 40 Send all the reads except 31171111G07.g1,25194411319.g1, and 24884311G11.g1 to the new
left contig.

Open Assembly View to examine the new assembly (Figure 41). The small Contig13 (which
contains the reads from the beginning of Contig9) is now placed between contigs 12 and 8
based on the mate pair information. Because Contig13 has a “c” after its name, we will
complement this contig first so that it is in the orientation suggested by Assembly View. We
will then look for potential joins at the ends of Contig13.

e O O N Assembly View
Help

Zoon In| Zoon Uutl Zoon l]rigl |llhat to Shoul Contig Hrrangenentl Find Hain Hin| Find Cont.i.gl I:

Disniss |

Figure 41 New Assembly View after tearing Contig9.
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Open the Aligned Reads window for Contigl3, complement the contig and navigate to the
end of the high quality region. Then Search for String using the sequence from position
1,300 to 1,350. There should be three matches (Figure 42).

. Aligned Reads

File MHMavigate Info Color Din Hisc Sort Help
1773K10,fasta.screen.ace,sorting.9 Contigl3 Sone Tags| Pos: clear
Search for String| Conpl Contl Conpare Cont| Find Hain Hi Err/10kbs: |921'55

:|
y n

©® O O |x| Search For String X| Searching Contigs
Query string: tttcagaacgtagctttatatgaatatgtgccacgococgtggtogotgggoe
Query strings:
I raatatgtgccacgeegtegtegetggged | Contig8 {consensus) Era=EZE {uncomplemented)
Contig8 {consensus) 15168-15218 (complemented)
e | Contigl3 {consensus) 1300-1350 (uncomplemented)
Go ] Prev I Hext Save I Disniss I

Figure 42 Two matches in Contig8 to Contig13 from 1300 to 1350.

Based on the consistent mate pairs (e.g. from subclones 34636911C04 and 34550111122)
between the end of Contig13 and the beginning of Contig8, we will try to join the sequence
match at the beginning of Contig8 (275-325, uncomplemented) with the end of Contig13
(1300-1350, uncomplemented). Compare these two regions and examine the alignment.

The high quality discrepancies at the beginning of the alignment can be attributed to
unclipped vector at the beginning of Contig8 (Figure 43). (See page 12 for detailed
instructions on how to recognize unclipped vector sequences.) The rest of the alignment
looks good so we will join the two contigs together. The new contig is Contig15. Save the
assembly (1773K10.fasta.screen.ace.sorting.10).

x| Compare Contigs

Contigl3 conplenent just in this window

60 1270 1280 1290 1300 1310 1320 1330 1340 1350 1360 1370 1380 1390 1400
T

tattatt:gat:g:taatataatcata:gttttaatatatﬂttcagaacgtag:tttatatgaatatgtgccacg:cgtggt:g:tggg:c:cgggacagg:a:gaatt::a::acactggatccaa:gaatt:aag:ttgat
attattcgatcgctaatataatcataDgttttaata*tatattcagaacgta*g:tttatatgaatat*gtgccacgDc*gtggtcgctgggccccgggacagg:a:gaggac*gggccccgggagccccacgcggacgggcc

240 250 260 270 280 290 300 310 320 330 340 350 360 370
Contig8 conplenent_just in this windou|
Align |
1050 1060 1070 1080 1090 1100 1110 1120 1130 1140 1150 1160 1170 1180

TTCARATCGLTCCCTACGATTCGATGGAALITAAGT AT TCARAT TTGTACATGCT TRACAGGTGL T TAACAGCACAATGT TG TARAAGC TCARCAGTCACATGTGT TEEELTATTT TCAALACTGAAT GGGLGLCAT TCCLCAT
mgtG?AATTﬁTQAG'I'QTthﬁﬁﬁTT'IFGTF?!C?TGETTQAI:A?GTGI:‘IFTQQC?GEﬁ!C?ATGT'I'GTAArlaQGI:TIISQQCF@TEﬁ!C?TGTG'I'TGGI:IT'TQTT‘IrTCﬁﬂ?ﬂtTG?ATGG?CGEEV?TTECIISCQT

| 30 40 50 60 70 80 90 100 110 120 130 140 150 160
e O O X\ Aligned Reads Trace Window: Contig8

File Havigate Info Color Din Hisc Sort Help

. con
|1773k10. fasta.screen.ace.sorting.9 [ Contigs Sone  Tags|Pos: [[  clear I35357°11€12-M e

Search for String| Compl Cont| Compare Cont| Find Main Win| Err/iokb:| | 48.35 | W= con
=0 H I it

v N N rhd [SH

Ill..l....l....l..
SHCGAATTCTAAGTATTCAARTTTGTE p——
cro.
GTTGGATCCagtg S tGLAATTETAAGTATTICAAATTILTE | || Together? £ Yes| v Ho

Figure 43 Discrepancies at the beglnmng of Cont1g8 are caused by unchpped vector.
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Closing the Gap between Contigl5 and Contigl4
Open Assembly View and run crossmatch (Figure 44). This brings up a complex Assembly
View that makes it difficult to search for potential joins between adjacent contigs.

® 00 [X| Assembly View
Help

|Contig14: 7360 click HB3 read depth: 13

Zoon In] Zoon ﬂutl Zoon Origl |Hhat to Shoul Contig Hrrangenent] Find Hain Hinl Find Contigl F

Disniss ]

Figure 44 Assembly View after joining contigs 8 and 13.

In order to see whether we can join the end of Contig15 with the beginning of Contig14, we
would like to focus on the subset of direct sequence matches between the two contigs. To
filter the rest of the sequence matches, go back to the “Which Sequence Matches to Show in
Assembly View” dialogue box and turn off the following options:

* ok to show sequence matches within contigs
* ok to show inverted sequence matches

Click on the “Apply” button in the lower left corner of this window to update Assembly
View (Figure 45). The new assembly will now only show the direct sequence matches
between contigs. We see that there is a large direct repeat between the end of Contigl5 and
the beginning of Contig14.

Some of the mate pairs between the end of Contig15 and the beginning of Contig14 are
inconsistent because they are too far apart. The consistent mate pairs between the two
contigs and the direct repeat identified by crossmatch in this region lend further credence
to the hypothesis that we should be able to join these two contigs together.
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To see if we can join these two regions together, click on the direct repeat (orange boxes)
between the end of Contig15 and the beginning of Contig14. Select the 657 base pair match
and then click on the “Show Alignment” button to examine the alignment (Figure 46).

X Assembly View

4 e OO0 [X| Sequence Matches !

size similarity

140-797 to Contiglb 16699-17356 {not comp} 657 100,0

Show Hlignnentl Disniss

Figure 46 Perfect repeat between the end of Contigl5 and the beginning of Contig14.

The high quality discrepancies at the beginning and at the end of the alignment can again
be attributed to unclipped vector sequences and can be ignored (Figure 47). Join the two
contigs together and save the assembly (1773K10.fasta.screen.ace.sorting.11).

ICont.igi4 conplenent just in this u.indou‘
40 150 160 170 180

ccatégaattl:*gtagégagcéatttéaatgéaa*cg.'accggt':attcéat'
ccatcgaatcgtagggagegatttgaatggaacgaccggtattogatta

6700 16710 16720 16730 16740 11
Il:ontlng conplenent just in this ul.ndoul
|10 120 130 140 150 14 790 800 810 820

T T T T T T T T T
BN TCGTCgatCCAGTGTGOTGGAAT TRTCCATCGRRTCGTAGGGAGE! 1TTARARTCARTGOGGEACTATARATCGATTTTCTCAARATTGTAG
272727777992777772227777277272 229222222222222222222222222222
AATTGGGTTCAGARRAT TT TAAGACT TGAIITCCATCGARTCGTAGGGAGL! 4Tmmmcaatggse:§mn#
1 1 1 1

6670 16680 16690 16700 16710 11 10 17350 17360 17370 17380
A

LR

File Wavigate Info Color Bin Misc Sert Welp .

| 1773810, fasta. screen. ace. sorting. 10 | contigra Some  Tags| Poa: [T clear File Wavigste Infe Coler Bin Misc Sart Walp

Search for String| Compl Comt| Compare Cont| Find Main Rin| Ere/10kb:| | 73.90

[177310.Fasta. seroen. ace. sorting. 10 Comtigts Seme  Taga) Poaz [T elear
Search for String| Compl Comt| Compare Comt| Find Mainm Win| Ere/lokb:| | 72,54

n

\ Trace Window: Contig14

Dismiss

Topothae? - Yeu| Mo |

l—-v.] Unddo |

Wolp Tnsort | prev ] Olemiss | ot | Melp Dalete '

Figure 47 High quality discrepancies between contigs 14 and 15 can be attributed to unclipped vector.
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Resolving the Gap between Contigl2 and Contigl6

Open Assembly View and run crossmatch. In order to show all the repeats, we will toggle
back on the “ok to show sequence matches within contigs” and “ok to show inverted
sequence matches” options. Then click on the “Apply” button.

Notice the inconsistent forward/reverse pairs between contigs 12 and 16 are part of a
large (black) inverted repeat (Figure 48). This is good news because the data for the gap

between contigs 12 and 16 might have simply been buried within the Contig16 copy of the
inverted repeat. We will pull out the inconsistent mate pairs that are placed in the Contig16

copy of the inverted repeat using the strategy described above.

8 O O [\ Assembly View

Help_|

Zoon Inl Zoon 0ut| Zoon llrigl Hhat to Shoul Contig ﬂrrangenentl Find Hain llinl Find Contigl I

Disniss I
Figure 48 Inconsistent mate pairs between contigs 12 and 16 suggest that the missing data in the gap might
have been buried in Contig16.

Click on the red lines (inconsistent forward/reverse pairs) between contigs 12 and 16 in
the “Clicked Forward/Reverse Pairs” box then click on “Pull Out Reads” (Figure 49).

®ece X/ Assembly View
Help

N\ Clicked Forward/Reverse Pairs

read strand left right

24893011F04 .b1 -> ContiglZ 9591-10399 inconsistent because: too far from end of contig.
24893011F04.g1 -> Contigl6 16954-17905 inconsistent because: too far from end of contig.
22346211H08 .b1 -> Contiglb 17124-17960 inconsistent because: too far from end of contig.
22346211H08 .g1 -> ContiglZ 9602-10441 inconsistent because: too far from end of contig.
25160511009 .b1 -> Contiglb 16872-17744 inconsistent because: too far from end of contig.

|-« I

Go I Prev I Hext | Save | Pull Out Reads I Disniss I

Figure 49 Select the inconsistent mate pairs between contigs 12 and 16 from Assembly View.
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In the “Put Reads Into Their Own Contigs” window, select all the reads that are placed on
Contig16 and then click on “Remove Highlighted Reads” (Figure 50). Save the new
assembly (1773K10.fasta.screen.ace.sorting.12).

e OO0 N Put Reads Into Their Own Contigs

Help/Instructions:
Highlight the reads you want to put into their
ouwn contigs. Then push "Renove Highlighted" to

[P
34630511N18.g1 -> Contigl2 9853-10635 inconsistent because: too far from end of contig, 1
31171111607.b1 -> Contigl2 9908-10836 inconsistent because: too far from end of contig, 1
24796011H02,g1 -> Contigl2 10188-11135 inconsistent because: too far from end of contig.
24761111H20,.g1 -> Contigl? 10213-11148 inconsistent because: too far fron end of contig.
35366911C19.g1 -> Contigl? 10951-11892 inconsistent because: too far fron end of contig.
35366911C19.b1 i 15063-15997
131171111607 . g1 16655-17600
24761111H20,.b1 16766-17708
24796011H02 b1 16829-17785
25160511009, b1 16872-17744 inconsistent because
[34630511H18.b1 2 16951-17872 inconsistent because
[24893011F04,¢g1 Contiglh 16954-17905 inconsistent because
17124-17960 inconsistent because

inconsistent because:

inconsistent because:
inconsistent

inconsistent

because: too far from end of contig
because

oo oo oo oo foo e

22346211H08.bl

Renove Highlighted Reads ] Save Highlight Reads To Filel Disniss |

Figure 50 Remove inconsistent mate pairs that were misplaced in the Contigl6.

Now we will run Miniassembly using the eight reads we have just pulled out. Click on
“Miniassembly” on the Consed Main Window, verify that the eight reads are listed under
the “Contigs to Reassemble” section and then click on “Reassemble” (Figure 51).

e OO X/ Reassemble Some Contigs

All Contigs: Contigs to Reassenble:

Contigl2 {180 reads, 12474 bps)} Contigl?: 22346211H08.b1
Contiglb (406 reads, 29672 bps} Contigl8: 24761111H20.b1
Contigl?: 22346211H08.b1 Contigl9: 24796011H02.bl
Contigl8: 24761111H20,.b1 Contig20: 24893011F04,g1
Contigl9: 24796011H02,.b1 Contig2l: 25160511D09,.bl
Contig20: 24893011F04,.g1 Contig22: 31171111607.g1
Contig2l: 25160511D09.b1 Contig23: 34630511N18.b1
Contig22: 31171111G07,.g1 Contig2d4: 35366911C19.b1
Contig23: 34630511N18.b1

Contig24:; 35366911C19.b1

Move Highlighted To Right |

Clear Listl

Clear Highlighted|

—ninscore IE —ninnatch IE —forcelevel F

other phrap options: k

Hhat to do with niniassenbly singlet reads:

4 Put into separate contigsl + Discard fron assenbly |

Reassenble | Cancel I

Figure 51 Reassemble the eight reads we have just pulled out of Contig16 using Miniassembly.
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There should be two new contigs after Miniassembly is complete: Contig25 (which consists
of a single read 35366911C19.b1) and Contig26 (with the other seven reads). Save the
| assembly (1773K10.fasta.screen.ace.sorting.13).

Open Assembly View. Notice that Contig26 is in the complemented orientation relative to
the other contigs in Assembly View so we need to complement this contig in the Aligned
Reads Window so that it is in the orientation suggested by Assembly View (Figure 52).

N\ Assembly View

Help

| Contigl2: 10247 click HB3 read depth: 13

Zoon InI Zoon Uut| Zoon l]rig| Hhat to Shou' Contig Hrrangenent' Find Hain Il.i.n| Find Contig| I

Disniss |

Figure 52 Miniassembly created Contig26, which is in the reverse complemented orientation relative to the
rest of the scaffold.

To see if we can join Contig26 with contigs 12 and 16, open the Aligned Reads window for
Contig12 and click on the “>>>" button to navigate to the right end of the contig. Then use
the “<” button to scroll to the left until we reach a region with high quality data. Perform
Search for String using the consensus sequence from 12,230-12,260 in Contig12. There
should be three matches (Figure 53).

X/ Aligned Reads

File Havigate Info Color Din Hisc Sort Help

1773K10.fasta,screen,ace,sorting.13 I Contigl2 Sone Tags | Pos: I H clear |

Search for String| Conpl Cont| Conpare Cont| Find Main Win| Err/10kb:| I 72,30

12 ) 12 0 12,240 12 0 12

X/ Search For String e 00 |X| Searching Contigs
Query string: tttactgtttagccactaaattgattgaaat (length: 31) (case
Query string:
= ot + ++oatt o
EECett kb s Contigl2 {consensus) 12230-12260 {uncomplemented)
Contiglh (consensus) 17789-17819 (complemented)
Clear [ Contigz6 {consensus) 144-174 {uncomplemented)
Go I Prev | Next | Save I Disniss I

Figure 53 Search for String uéing the end of Contigl2 from 12,230-12,260.
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Compare the sequence matches between contigs 12 and 26. Examine the alignment and
then join these two contigs together. This will create Contig27.

Next we will try to join the end of Contig27 with the beginning of Contig16. Open the
Aligned Reads window for Contig27 and navigate to the end of the contig. Notice that the
end of the consensus is based on a single read (31171111Ge7.g1). Part of this read is tagged
with a dark green chimera tag (Figure 54).

. Aligned Reads

File Havigate Info Color Din Hisc Sort Help

1773K10.fasta.screen,ace,sorting.13 IContig2? Sone Tags| Pos: H clear

Conpl Cont Find Hain Ilinl Errr‘iﬂkb:| I 33.07

Search for String Conpare Cont

n

Rl | ACCGGTEGT TIBCATTCARATCGETECLTACGATTCGATGLAGARTTCCACCACACTGGatccGACGAAEEE
I

add 31171111607.g1 to file 1773K10_read_list.txt
as above bMtions..,
Tag: chinera show nore info?

Pick —--> (Top Strand} Priner fron Subclone {H13, plasnid) tenplate
Figure 54 Chimera tag on the read 31171111G0@7.g1 at the end of Contig27.

ElL

This chimera tag was added by phrap during the assembly process. It indicates that the read
might contain two distinct DNA inserts that were joined together during cloning. This tag is
likely spurious because of the major misassemblies found in this project. However, to
ameliorate the concern that the consensus sequence in this region might be unreliable, we
will navigate to the left until we are outside of this chimera tag. Search for String using the
consensus position from 13,200-13,230. There should be three matches (Figure 55).

. Aligned Reads

File Mavigate Info Color Din Hisc Sort Help ‘

1773K10,.fasta,.screen.ace,.sorting,13 IContig27 Sone Tags| Pos: i clearl

Conpare Contl Find Hain Ilin] Err/iOkb:I | 33,07
13 0 3 0 13 1

Search for Stringl Conpl Cont

tcatcagacg

CcatgatcghATtteaA T TTCCGAATTCES

X| Search For String 8 O O \ Searching Contigs

Query string: catggcggcagccatgatcgaatttgaattt (length: 31) (case ir
Query string:

itggeggeagecatgategaatttgaatt] Contigl6 {consensus) 693-723 {uncomplemented)
Contiglh {consensus) 16819-16849 {complemented)
Clear | Contig27 {consensus) 13200-13230 {uncomplemented)
Go I Prev ] Next Save I Disniss l

Figure 55 Two regions in Contig16 match the end of Contig27.

Compare the beginning of Contigl6 (693-723) with the end of Contig27 (13,200-13,230).
Align these two regions, examine the alighment and join the two contigs together to create
Contig28. Save the assembly (1773k10.fasta.screen.ace.sorting.14). Open Assembly View
and run crossmatch. The duplication has been successfully resolved (Figure 56).
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Although the assembly is now contiguous, the inverted repeats still have some inconsistent
mate pairs that require additional sorting.

enon \ Assembly View
Help
Al
Cluster 2 J
|« T ———— L
l Cluster 1
200m In| Zoom Dut| Zoom Orig) Mhat to Shou| Contig Arrangement| Find Main Min| Find Contig| |!

Disniss |

Figure 56 The duplication has been successfully resolved after sorting. However, there are still two clusters of
inconsistent mate pairs remaining in Contig28.

Resolve the Remaining Misassembly within the Inverted Repeat
Assembly View shows that there are two clusters of inconsistent mate pairs in Contig28
(Figure 56). For Cluster 1, one member of the mate pair is placed at ~15kb while its

partner is at ~23kb. For Cluster 2, one member is placed at ~15kb while its partner is at
~30Kkb.

According to the crossmatch results, the reads placed at ~23kb are in a unique region,
which suggests that reads at ~15kb in Cluster 1 are placed in the wrong copy of the
inverted repeat. To fix these inconsistent mate pairs, click on the inconsistent mate pairs in
Cluster 1 in Assembly View and put the four reads that were placed at ~15kb into their
own contigs (Figure 57). Save the assembly (1773k10.fasta.screen.ace.sorting.15).

e OO0 N Put Reads Into Their Own Contigs

Help/Instructions:
Highlight the reads you want to put into their
oun contigs, Then push "Renove Highlighted" to

[

22220211006, g1 ig 15722-16595 inconsistent

131166711E11 b1 i 15787-16718 inconsistent because

24798611818 .,b1 15837-16712 inconsistent because: default
£5058011D17.¢1 ig 15877-16811 inconsistent because:? default
24798611B18.g1 -> Contig28 23084-23962 inconsistent because: ->. lib: default
31166711E11.g1 -> Contig28 23110-23963 inconsistent because: -> ->, lib: default
25058011D017.b1 -> Contig28 23691-24514 inconsistent because: -> ->, lib: default
22220211D006,b1 -> Contig28 23853-24645 inconsistent because: -> ->, lib: default

Renove Highlighted Reads I Save Highlight Reads To Filel Disniss |

Figure 57 Pull the reads in Cluster 1 that are placed at ~15kb in Contig28 into their own contigs.
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Run Miniassembly on the four reads we have just pulled out. This creates Contig29 with all
four reads, indicating that these reads can be placed together as a single group. Save the
assembly (1773K10.fasta.screen.ace.sorting.16).

We will now try to join the new Contig29 with the other inverted repeat copy that spans
from ~25-30kb. Open the Aligned Reads window for Contig29 and navigate to a high
quality region at the beginning of the contig. Perform a Search for String using the
consensus sequence from 100-150. There should be three matches (Figure 58).

X/ Aligned Reads

File HNavigate Info Color Din Hisc Sort Help
1773K10.fasta.screen.ace,sorting,16 Itontig29 Sone Tags| Pos: i clear

Search for String| Conpl Cont Find Main Win| Err/10kb:| | 1891

Conpare Cont

X| Search For String 6 00 \ Searching Contigs

Query string: ggaatctactaatcttacctgaccaaggtgaccacacggcaattttgtgga (length:
Query string:

I t gtegd Contig28 (consensus) 158214-15871  {uncomplemented)
Contig28 (consensus) 26662-26712 (complemented)
Contig29 (consensus) 100-150 (uncomplemented)

Clear

Figure 58 Match between Contig29 and Contig28 at 26662-26712 is in the complemented orientation.

Because the reads in Contig29 were pulled out of Contig28 at ~15kb, we know that the
reads in Contig29 should not go back to this region. Instead, we will join Contig29 with
Contig28 at 26,662-26,712. However, the match is in the complemented orientation (which
makes sense, since we are dealing with an inverted repeat). Hence we need to complement
Contig29 first and then perform Search for String again.

Complement Contig29 and Search for String using the consensus position 250-300. There
should again be three matches but Contig29 is now in the same orientation as the inverted
repeat at ~26kb (Figure 59). Compare the two regions, examine the alignment and join the
contigs to create Contig30. Save the assembly (1773Kk10.fasta.screen.ace.sorting.17).

X/ Aligned Reads

File HNavigate Info Color Din Hisc Sort Help
1773K10,.fasta.screen,ace,sorting,16 IContigZS Sone Tags| Pos: i clear

Search for String| Unconpl

Conpare Cont| Find Hain Win| Err/10kb 1891

[ T
TGGAGARRCACARGLEGGTGGECAAATGAAGCAGCTGTCAGTGACCTTAAGCAACTGATTCTACTGTACGCCTCCAGATAGGA
T2GAGARACACAAGGLGGTGGECARARTGARGCAGETGTCAGTGAECttAAGCAACTGATTCTACTGTACZectCCAGATAGGA

{tegacaaacacaaggteetescAPATGAAGCAZEtE tCAgtgacct tARGCAACTGAtECEACtgtacGec TCCAgATAGGA
itagAGAARCACAAGG GEﬁﬁATGQQGEQGCTGTCAGTGQCETTQQGEQAETGQTTETACTGTQEGCETCEQGQTQGGA
2 El

X| Search For String 8 O O X Searchmg Contigs

Query string: cggtggcaaatgaagcagotgtcagtgaccttaagocaactgattoctactgt (length:
Query string:

l' gte g 3 actgt] Contig28 {consensus) 25968-26018  (uncomplemented)
Contig28 {consensus) 16515-16565 (complemented)
Contig29 {consensus) 250-300 (uncomplemented)

Clear I

Figure 59 Contig29 is now in the same orientation as the inverted repeat at ~25kb in Contig28.
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Open Assembly View and run crossmatch. Click on the other cluster of inconsistent mate
pairs (Cluster 2) on Contig30. There should be two inconsistent mate pairs (from the
subclones 34562511F01 and 34161211E18). The two mate pairs in Cluster 2 are placed in two
different copies of the inverted repeat. The mate pairs are inconsistent because they are
pointing in the same direction. This means that both mate pairs should actually be placed
within the same copy of the inverted repeat (Figure 60). Consequently, we need to
determine the best copy of the inverted repeat in which to place both mate pairs.

X/ Assembly View

! b ¢ Lol s 1 on 1 ol o e s R e e | =

6 O O \ Clicked Forward/Reverse Pairs

read strand left right

34562511F01 . b1 ( inconsistent because: (—. lib: default

34562511F01 .g1 <- Contig30 15265-16024 inconsistent because: <{- <{-. lib: default
34161211E18 .b1 <- Contig30 29178-29991 inconsistent because: <- <{-. lib: default
34161211E18.g1 <- Contig30 15556-16367 inconsistent because: <- <-. lib: default

Go | Prev ] Hext I Save I Pull Out Reads] Disniss I

Figure 60 The inconsistent mate pairs in Cluster 2 should be placed in the same copy of the inverted repeat.

Click on the inconsistent mate pairs and pull all four reads out of Contig30. Save the
assembly (1773K10.fasta.screen.ace.sorting.18). Then run Miniassembly, which will
create two new contigs (Contig31 and Contig32, Figure 61). Save the assembly
(1773K10.fasta.screen.ace.sorting.19).

e 00 \ Put Reads Into Their Own Contigs
Help/Instructions: i

Highlight the reads you want to put into their
own contigs, Then push “"Renove Highlighted" to

34562511F01,¢1 <~ C i sistent bece
34161211E18, = C ig Ht sistent bec:

34161211E18. 4 ig 9178-29991 inconsistent bec:
34562511F01,b1 < ig30 29215-30024 inconsistent bec:

Renove Highlighted Reads I Save Highlight Reads To Filol Disniss
800 \ Reassemble Some Contigs
N1 Contign: Contigs to Roassenblo:

eonon \ New Contigs

Contigl: 25194401019, b1 Contighl: 3A1G1210E10,61
Contigls 37729500007, 41 Contighl: 3161211010, ¢1
Contigd (2 reads, 921 bps) Contigds: 345625110F01,b1

Contlgd (2 roads, 833 bpu) Contighd: 34562511501, g1
Contligh (3 roads, 877 bpn)

ContlglB: S5366911C19,b1

Contlgd0 (509 reads, 42179 bps)

Contigdl:s SA161211610,b1 Go | Prev | Mext |  Sawe | Dismiss |
Contlgd2: SA161211610, g1

Contlgdss S4562511501,b1
Contigdd: 34562511F01, g1

e i
Clear Highlighted

Figure 61 Pull out the inconsistent mate pairs and reassemble the four reads using Miniassembly.

Contig31i (2 reads, 809 bps)
Contig32 (2 reads, 1105 bps)
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Open Assembly View. By default, Assembly View will exclude contigs that have 10 or fewer
reads or contigs that are less than 1kb in length. To see all the contigs in Assembly View,
select “What to Show” and then click on “In/exclude Contigs”. Change both the “exclude
contig if this many reads or less” and “exclude contig if this many bases or less” fields to 0.
Click on “Apply and Restart Assembly View” (Figure 62).

8 O O |X| Which Contigs to Show in Assembly View
Help
exclude contig if this many reads or less |0
exclude contig if this many bases or less I:!)
exclude contig if depth of coverage greater than this |§0.0
Just show these contigs: I:
Apply and Restart Assenbly Yiew Disniss |
N\ Assembly View
Ilelp_l
Inverted — Inverted n|
Repeat 1 Repeat 2
e —

|« 1=

200n In| Zoon Out| Zoon Orig| What to Shou| Contig Rrr | Find Hain Win| Find Contig| ||

Disniss |

Figure 62 Change the “In/exclude Contigs” option to show the smaller contigs in Assembly View.

Run crossmatch so that we can determine the degree of sequence similarity among contigs
31, 32 and the two copies of the inverted repeat on Contig30. Note that, as expected,
Assembly View has complemented Contig31 based on its relationship with Contig32. We
will refer to the first inverted repeat copy at ~10-16kb of Contig30 as Inverted Repeat 1
and the other copy at ~25-31kb as Inverted Repeat 2 in the rest of this walkthrough.

Click on the two black inverted repeats shared among contigs 30, 31, 32 (Inverted Repeat
1, Figure 63). We see that Contig31 matches with 99.9% similarity to Contig30 at 12,552-
13,339. While there are two matches between contigs 30 and 32, the first match (15,266-
16,299) actually encompasses the entire region covered by the second match (15,270-
16,299) with 0.1% lower similarity (98.9 versus 98.9%). Examination of the alignments
reveals that all the discrepancies between Inverted Repeat 1 and contigs 31 and 32 are low

quality.
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e OO X| Sequence Matches

copy copy size sinilarity

- 12552-13339 to Contig3l 21-807 {not conp) 786 99.9
Contig30 15266-16299 to Contig32 1104-69 {conp} 1035 98.8
Contig30 15270-16299 to Contig32 1099-69 {conp} 1030 98.9

Figure 63 Matches between contigs 31 and 32 with the Inverted Repeat 1 in Contig30.

Next we will examine the direct repeat shared among contigs 30, 31, and 32 (Inverted
Repeat 2, Figure 64). The match between Contig31 and Inverted Repeat 2 in Contig30 has
the same length and sequence similarity as the match to Inverted Repeat 1.

® O O X| Sequence Matches
copy copy size sinilarity
1 2

ontig30 29217-30004 to Contig3l 807-21 {conp) 786 99.9
Contig30 26234-27263 to Contig32 69-1099 {(not conp} 1030 98.6

Figure 64 Matches between contigs 31 and 32 with Inverted Repeat 2 in Contig30.

However, the match between Contig32 and Inverted Repeat 2 in Contig30 has lower
sequence similarity than the corresponding 1,030 bp match in Inverted Repeat 1 (98.6%
versus 98.9%). Examination of the alignment between these two regions reveals multiple
high quality discrepancies in the alignment (e.g. at position 26,884 in Contig 30, Figure 65).
Based on this analysis, we will join contigs 31 and 32 with Inverted Repeat 1 in Contig30.

| Compare Contigs

Contig30 conplenent just in this window

-

26240 26250 26260 26270 26280 26290 26300 26310 26320 26330 26340 26350 263¢

T T T T T T T T T T T T T T T T T T T T T T T T T T
actcgaaatcccacattggtagoagtgattocgaactattocttcatcccactacagtgggogotocaaggggacgtggottgocggatcagocaacattgtgocaggoccagatcgaacaactottcacgge
.?ctcg?aatctI:caca1|;tggt?gcag1I;gattvT“gaac1I;attc1|:tcatAI:ccac1|:acag?gggc$ctca‘?gggg?cgtggcttg|I:ggatvT"agcaalxcattgtgcaggccc?gatcgaaca?ctctfcacggt

70 80 90 100 110 120 130 140 150 160 170 180 190
]
Contig32 conplenent just in this uindoul
Align
26830 26840 26850 26860 26870 26880 26890 26900 26910 26920 26930 26940

T T T T T T T T T T T T T T T T T T T T T T T T T
AACATCAGCTATCTATCTGCAGAATCATGATGTCAACGGL TGGAATGGCGCCCTGATGACCACHTGATCGARAATC T TACACCCAT TCGGAGAGCAATGATAGGGARTATATARGATGGTGAGTATA®
GQCQTCQGCTQTCT?TETGIT‘agQQTCQTG!IATgtc.IaaEGG?TGBQ!?TGGEIIECCETIISQTGﬁECﬁEETGatcgaﬁQQTETTQIT'QEEC!?TTcggagﬁGIIZQQTG?TQGGIISQQTQTGTQQII:@TEGTGQGTF?Tﬁ'

660 670 680 690 700 710 720 730 740 750 760 770 780
X| Aligned Reads e 00 \| Aligned Reads
File HNavigate Info Color Din Hisc Sort Help File MNavigate Info Color Din MHisc Sort Help
I1773K10.fasta.screen.ace.surting.19 Il:ontig30 Sone Tagsl Pos: F_ clearl I1773I<10.fasta.screen.ace.snrting.1 ICnntigZZ Sone Tags| Pos: H clear
A

Search for String Conpl Cont Conpare Cont Find Hain Hin Err/10kbs 0. | Search for String Conpl Cont Conpare Cont Find Hain Hin Err/10kbs:

2 acca*CTTl Gam Ett*acac*(
cg*ccctga*tgacca*m TGategaaaatct**kacal*(
co*cooctgaktgaccaket ¥gatcgaaaatettkacack
cgXcCotga*tgaccakglfhatcgaaaatot tXACACK
COHCCCTOAKTOACCAKET e TCGAARATCTTHACACH]
CGXCCCTGAXTGACCAXETTLATCGAARATLT THACACK(
CGKCCCTGAKTGACCAKETTLATCGARRATCT TRACACHK(
CGXCCCTGAXTGACCAXETTLATCGAARATLT THACACHK(
CGKCCCTGAXTGACCAKETTLATCGARRATCT TRACACHK(
CGXCCCTGAXTGACCAXETTLATCGAARATLT THACACHK(

T AT E AL AKC T TEATCCAAAAT T THAC AC kI

__: I N
<<<| <] <| Prev| Wewt| 5| >>| >»3| cursor|[Eag tupes: natchElseuherehiel dismiss| | <<<| <<| < Prev| Newt| >| >>| >»>| cursor|[Feads sorted by strand anc disniss|
Figure 65 A high quality discrepancy between Contig32 and Inverted Repeat 2 in Contig30.
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Before we can join these contigs together, we need to change the orientations of contigs 31
and 32 so that they are in the same orientation as Inverted Repeat 1 in Contig30. This
means we need to complement Contig32.

In Assembly View, go to “Contig Arrangement,” then select “Reorient Contigs”. Select “32-
31c” under the “Select a scaffold” section; select the option “Flip scaffold, and then do
above.” Click on “Apply and Restart Assembly View” (Figure 66). Save the new assembly
(1773K10.fasta.screen.ace.sorting.20) and then run crossmatch. Both contigs 31 and 32
should now be in the same orientation as Inverted Repeat 1.

e O 0 X! Reorient Contigs

Select a scaffold: |

30
3-4c

5
2
1

25

Hhat to do with scaffold selected above:

{ All scaffolds and contigs nay have their
orientations changed by phrap and consed unless
you do one of these operations)

+ Hake all contigs the same orientation as the
scaffold {renove each 'c' ) and retain the
scaffold orientation and the new orientations of
all its contigs

“* Flip scaffold, and then do above

+ Unfix orientation (allow phrap and consed to
nodify orientations)

{Note: if you want to do nore than one of these
operations, you nust click "Apply and Restart
Assenbly View" after each one.,)}

Apply and Restart Assenbly Vieul Disniss'

Figure 66 Flip the scaffold 32-31c so that it is in the same orientation as Inverted Repeat 1 in Contig30.

Click on the direct repeats shared between Contig31 and Inverted Repeat 1 in Contig30.
Select the match in the Sequence Matches window and click on “Show Alignment”. Examine
the alignment and then join the two contigs together. Save the new assembly
(1773K10.fasta.screen.ace.sorting.21).

Open Assembly View and run crossmatch. Repeat the same procedure to join Contig32 with
Inverted Repeat 1 in Contig30 (using the longer 98.8% match). Save the assembly
(1773K10.fasta.screen.ace.sorting.22). The inconsistent mate pairs in Cluster 2 have now
all been resolved and the new main contig is called Contig34 (Figure 67).
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e 00 X/ Assembly View

=1 p-|

Zoon In| Zoon lJut| Zoon Drig' |llhat to Shoul Contig Arr ] Find Hain llin| Find Contig'

Disniss |

Figure 67 Assembly View after joining contigs 31 and 32 with Inverted Repeat 1 in Contig30.

Incorporate the Smaller Contigs into the Assembly

Open Assembly View and run crossmatch. Since the entire Contig25 (created by
Miniassembly earlier on page 31) matches with Contig34, we will try to join this contig
with Contig34. Open the Aligned Reads window for Contig25 and perform a Search for
String using the high quality data at the beginning of the read from 50-100. There should be
three matches (Figure 68).

X/ Aligned Reads

File MHavigate Info Color Din Hisc Sort Help

I1773!(10.Fasta.screen.ace.sorting.EZ IConti325 Sone Tagsl Pos: |+ clear
Search for Stringl Conpl Cont| Conpare l:ontl Find Hain ll.i.nI Err/10kbs 435,94
80

IR WA NS NN NN S I N B DM N

3 CAA*TTCAPTCGCCATATARAGC TGLLTLCTCGGATELEAGAGCCCAGAGGL TGLAGTGAGGAGCTLT T

1C19.b1 Lol kT TCAT TCGECATATAAAGC TLLLTLETCGLATLLEAGAGCCLCAGAGGL TELAGTGAGGAGETLT T
X| Search For String 8 O O |\ Searching Contigs

Query string: ttcgccatataaagctgggtgotcggatggcagagoccagaggoctgoagt:
Query string:

I’tcggatggcagagcccagaggc"gcagté Contig25 {consensus) 50-100 {uncomplemented)
Contig34 {consensus) 27619-27669 {uncomplemented)
Cloar I Contig34 {consensus) 14864-14914 {complemented)

Figure 68 Two matches between the beginning of Contig25 and Contig34.

We will use the mate pair information to help us determine which of the two matches in
Contig34 should be used to join Contig25 with Contig34. Highlight the read name
35366911C19.b1 to copy it onto the clipboard. Go to the Consed Main Window and search for
the mate pair using the “Find 1st read above starting with:” field as we have previously
described. The mate pair of this read (35366911C19.g1) is placed at Contig34 from 10,951-
11,892 (Figure 69). Hence the match at 14,864-14,914 on Contig34 is a better candidate for
the join. However, we need to complement Contig25 first before we can join the two
contigs together.

39



Last Update: 12/17/2012

# of Reads: 603

35312411001 .b1
35312411001 .1
35347211601 .b1
35347211601 .1
35351611002.b1
35351611002, g1
135366911C19.b1

Contig34 (~899 bps fron 24,757 to 25,627 )
Contig34 (~862 bps fron 21,859 to 22,704 )
Contig34 (~995 bps fron 33,496 to 34,439 )
Contig34 (~895 bps fron 35,629 to 36,469 )
Contig3d4 (~941 bps fron 27,118 to 28,046 )
Contig3d4 (~898 bps fron 23,730 to 24,578 )
Contig?25 (~964 bps fron 1 to 943 )

35366911019.21@&34 {~980 bps fron 10,951 to 11,892 )

Find reads containing (*'s alloued):IE Clearl

Find 1st read above starting withs |35386311C19.b11 |

Figure 69 The Mate pair of 35366911C19.b1 is placed in Contig34 from 10,951 to 11,892.

Complement Contig25 and Search for String using the sequence from 844 to 894 (Figure
70). Compare Contig25 with the match at 14,864 to 14,914 on Contig34. Align the two
regions and examine the alignment. Note that the high quality discrepancies at the end of
the alignment are caused by unclipped vector at the end of Contig25 and can be ignored

(Figure 71). Join the contigs to create Contig35. Save the assembly
(1773K10.fasta.screen.ace.sorting.23).

X/ Aligned Reads
File HNavigate Info Color Din Hisc Sort Help
I 1773K10,.fasta,screen,ace,sorting,22 I Contig25 Sone Tags| Pos: H clear
Search for String| Unconpl Conpare Cont| Find Hain Hin Err/10kbs 435,94

840 850 860 870

MMM I M A M N MM W MMM M | [ T ]
TAACAGCTCCTCACTGCAGCCTCTGGGETCTGLCATCCGAGCACCCAGCTTTATATGLGEGARTGARKTTCCACCAL
el T AACAGCTCCTCACTGLAGCLTCT GGG TCTGECATECGAGLACCLAGLTTTATATGEEGAATGARKTTCCACCAL
8 0 0

CONSENSUS

X/ Search For String \ Searching Contigs

Query string: cactgcagcctctgggoctoctgecatccgagecaccecageotttatatggegaa

Query string:

I

Contig25 (consensus) 844-894 (uncomplemented)
Contig34 (consensus) 14864-14914 (uncomplemented)
Contig34 (consensus) 27619-27669  (complemented)

Figure 70 Search for String with the complemented Contig25 results in two matches in Contig34.

14900 14910 14920 14930 14940
. T T T T T T T T T T
Contig34 CCAGCTTTATATGGLGAATET TARAAGCGGGCTGTGECTGLATGCAGGLD
e Pl P i i i il

830 890 900 910 920
I =
® 00 \| Trace Window: Contig25
Disniss

35366911C19.b1 °:"
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——y

n

?a:oll 2 "Vesl ~ No | |
/1 \ \ are | U \ “R
IR ! { ANV | \ —J
Renove| Ly =
Help Insert ] prev ] Disniss ] next I Help Delete '

Figure 71 Unclipped vector sequence in Contig25 causes the high quality discrepancies at the end of the

alignment between Contig34 (top) and Contig25 (bottom).
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Open Assembly View and run crossmatch. The last issue we need to address is Contig5. The
inconsistent forward reverse mate pairs suggest that Contig5 should be incorporated into
the end of Contig35. Click on the large orange direct repeat at the beginning of Contig5. The
crossmatch result shows that most of Contig5 (677bp) matches very well (99.7% similarity)
to Contig35 at around 37kb (Figure 72).

X| Assembly View
Help

\| Sequence Matches

- - copy copy size similarity
1 2
|4
| 1 seq natch{es): Contigl 10,50 igd ______d6-723 to Contig35 _ 37048-37725 (not comp} 677 99.7 |
Zoon InI Zoon l]utl Zoon llriT

Show Alignmnent | Disniss I

Figure 72 Sequence match between Contig5 and Contig35.

Select the sequence match and then click on the “Show Alignment” button so that we can
determine why phrap decided not to incorporate Contig5 into Contig35. The alignment
between the two contigs looks good until it reaches base 716 on Contig 5 (Figure 73). Place
your cursor on the discrepant base at position 716 of Contig5 in the Compare Contigs
window and click on “Scroll Both Aligned Reads Window”. This will bring up the Aligned
Reads window for both Contig5 and Contig35 at this discrepant position.

8 0 0 X\ Compare Contigs
Contigh conplenent just in this window

50 60 70 80 90 100 110 120 130 140 150 160 170
T T T T T T T T T T T T T T T T T T T T T T T T T
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cgggagv':t|:gg*.latggg?ggttnl:ttttgcatctl:accgil'.atag::|:c*gg?tctcgcacc?agt*g?ttactl:a|:ctgtttc1I:atcc?tggc$aacgll:gctt*ggtag?ctga?gttggccac?aga*gi
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AATGTTTTT TAGGT TAGARAGATGEGACT TGGTACGGATTCTATTTTGEECARAT TAATCTTATT TGACARAT TTCATAGGGATCGECLEACTATATACTATCLGL TATATATC TAATAAT ataaGA
Wardriririririririririririririiiririririririririririrird

o
Q?TGTTTTTTﬁ?GTTﬁ?ﬁQQG!'4TGGG?ETTG?TQEG?ﬁTTETﬁTTTTGGGE?QGTT?ﬁTCTTQTTT?GEQQ?TTTE?TQGG?QTCG?CE QIIZTﬁTQTCl:ﬁﬁ?QGCC?ECQT?TQQETGAQC?QTEA?

7630 37640 37650 37660 37670 37680 37690 37700 37710 37720 37730 37740 37750 -
A
# discrepancies: |2 discrep % |0.2950 Prev Discrepancgl Scroll Both Aligned Reads Nindnusl Next Discrepancul

If join, highlight reads fron old right contig? “ True + False

Create Fake Read to Direct Phrapl Join Cuntigsl Disniss

Figure 73 Discrepancies between Contig5 and Contig35 that kept the two contigs apart.
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Open the three traces in Contig5 by middle clicking on each read at position 716 (Figure
74). We find that there is an unusually high G peak in all three reads at this position.
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Figure 74 Tall G peak in all three reads at position 716 in Contig5.

Increase the vertical scale to maximum and look underneath the “G” peak. Notice that there
is a small “A” peak in all three cases, which would be consistent with the A seen in Contig35
in the corresponding aligned position. Perform a Search for String using the region from
710 to 730 in Contig5. This should bring up three matches (Figure 75).
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e OO \ Searching Contigs

Query string: tcggccgactatatactatcce (length: 21)  (case insensitiwve)

ContighH {consensus) 710-730 {uncomplemented)
Contigh {consensus) 446-466 {complemented)
Contig35 {consensus) 37448-37468 {complemented)

Go | Prev | Next l Save ' Disniss I

Figure 75 Search for String using 710-730 in Contig5 shows a complemented match to an earlier part (446-
466) of Contig5.

Notice the complemented matches (710-730 with 446-466) on Contig5, which suggests
that there is a small inverted repeat in the sequence. However, this small inverted repeat is
not real and is caused by a phenomenon called “BigDye fold-back” that is often
characterized by the anomalous G peaks shown above. The next step is to change all the
bases in the fold-back region (starting from position 716 to the end of the read) to N’s.

In the Trace Window, put the cursor on the edit (edt) line of the top trace. Middle click and
select “Change to n's to right”. Right click on the tag we have just created in the Trace
Window and a dialogue box for the edit tag will appear. Enter the comment “Data changed
to N because of BigDye fold-back” in the comment text box (Figure 76). Then click on “Save
Changes.” Repeat this process for the other two traces.
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Figure 76 Change the BigDye fold-back portion of the trace (25128611P05.b1) to N's.
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Once we have changed the consensus beyond position 716 in Contig5 to N’s, click on
“Align” again in the Compare Contigs window and join Contig5 with Contig35. This will
create Contig36. Save the assembly (1773K10.fasta.screen.ace.sorting.24).

Open Assembly View to verify that the inverted repeat and duplication have been resolved
successfully (Figure 77).
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Figure 77 Final Assembly View with the duplication and large inverted repeat successfully resolved.

Verify the final assembly with restriction digests

We should also use the restriction digests data to confirm the veracity of the final assembly.
Go back to the Consed Main Window and click on the “Digests” button. Recall from our
earlier analysis that the left end of the fosmid insert is at position 389 of Contig36 (see page
8 for details). Consequently, we should run the in-silico digest with “Just Part of Clone” for
Contig36 from 389 to the end of the contig at 42,179 (Figure 78).

Since all four in-silico digests match their corresponding real digests, we are confident that
the misassembly has been successfully resolved (Figure 79).
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4
Figure 78 Tell consed to digest Contig36 from 389 to 42,179 to verify the final assembly.
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Figure 79 EcoRI and Hind]Ill in-silico digests match the real digests, indicating that the misassembly has been
resolved successfully. (EcoRV and Sacl digests were also consistent, not shown).
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