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Overview

The tutorial will show you how to use MacVector with Assembler to assemble
plasmid sequences from NGS data. This particular example uses a sample set for
an anonymous plasmid consisting of a pair of files;

plasmid-1_S5_1.001_R1_001 fastq
plasmid-1_S5_1.001_R2_001 fastq

These files are each 285.3 MB in size and each contain approximately 1,375,000
reads of 75nt in length for a total number of sequenced residues of approximately
20.6 million. The plasmid is 8,859bp in size, so this means every residue in the
plasmid has been sequenced an average of 2,328 times. This massive over-
sequencing causes some considerable problems — most of the de novo assemblers
have been tuned to assemble sequences such as bacterial chromosomes, where
you might have a 1 Mb to 10 Mb sequence with an average coverage of just 20-
200 fold, or even less.

MacVector uses two different assemblers for de novo assembly of NGS reads.

Velvet: We chose this because it is capable of assembling 20-50million+ reads
into 10 Mb+ sequences with relatively minimal memory requirements, so it can
be used on personal Macintosh computers with as little as 8 GB of RAM.
However, the more RAM you have the better.

SPAdes: This is a more recent assembler with an even smaller memory footprint
that does a slightly better job getting past repeats, resulting in longer contigs. It
also requires less tweaking of parameters to get optimal assemblies. However, it is
significantly slower than Velver.

As with most of these de novo assemblers, you can supply Velvet or SPAdes with
too much data. When your coverage is only ~100x or less, Velvet will ignore the
occasional read that has a sequencing error. However, once you get into the
200+x range, the ~5% or so of reads that have errors suddenly can be assembled
into their own contigs due to random similar errors. This confuses the assembler
as it thinks it is trying to resolve closely related direct repeats. Eventually it gets
confused enough that it can’t resolve all of the similar contigs and typically gives
up and reports only those contigs that have few ambiguities. These often represent
just a small portion of the sequenced molecule.

Experiments with the plasmid data set (see below) indicate that only the first
10,000 reads of each file is really required to generate a clean unambiguous
sequence for the plasmid. 20,000 x 75nt reads = 169x coverage of the 8.9 kb
plasmid.

This tutorial will run through the optimized assembly of the plasmid, using both
assemblers, and also showing how you can repeat the assembly in triplicate and
confirm the results to be confident the sequence is correct.



Optimization of Velvet and SPAdes Parameters

The plasmid data set was split into a series of smaller files and used in a
comprehensive set of assembly experiments using MacVector. The Velvet
implementation in MacVector can only take a single KMER value, and it should
be an odd value between 11 and 255. In general, a value of about two-thirds of the
average length of the input reads is a good place to start. During assembly, reads
are initially aligned by looking for perfect matches of length KMER, so there is
no point to having KMER be longer than the average length of the reads. The
SPAdes implementation lets you input multiple values and it will try them all,
keeping the results for the value it believes to be optimal. In theory, you could
enter every potential (odd) KMER value up to the length of the reads, though in
practice that results in a very slow assembly. In the example below, SPAdes was
run with values of “31,41,51,61,717;

pRGN7782 - 8859bp VELVET (KMER) SPADES (KMERS)
Total Reads 35 39 43 47 51 55 59 63 67 71 31,41,51,61,71

20,000 8,870 8,897 8,901 8,905 8,909 8,830 8,795 8,795 2,754 531 8,930
40,000 8,870 8,897 8,901 8,905 8,909 8,913 8,917 8,921 8,806 1,469 8,930
60,000 8,870 8,897 8,901 8,905 8,909 8,913 8,917 8,921 8,890 2,281 8,930
100,000 7,855 7,886 7,894 8,891 8,895 8,899 8,917 8,921 8,890 6,542 8,930
160,000 7,844 7,886 7,894 7,914 8,909 8,899 8,917 8,921 8,923 8,561 8,930
240,000 7,847 7,855 7,884 7,902 8,348 8,899 8,917 8,921 8,925 8,686 8,930
350,000 7,722 7,855 7,877 7,355 7,363 7,371 8,917 8,921 8,925 8,928 8,930
500,000 7,723 7,873 7,877 7,892 7,900 7,908 8,903 8,921 8,925 8,929 8,930
700,000 7,713 7,716 7,893 7,874 8,889 7,926 8,907 8,925 8,929 8,930
1,000,000 4,634 7,721 7,724 7,705 7,926 8,907 8,925 8,929 8,930
2,740,000 683 8,522| 7,519 7,480 7,870 7,546 8,929 4,445

The above table lists the longest contig resulting from each assembly. Those in
black could be circularized to create the correct plasmid sequence. Those in red
could not.

It is immediately obvious that there is a relationship between the number of reads
in the assembly and the optimal Velver KMER. Assemblies using 60,000 reads (2
x 30,000) gave the best results with the broadest range of KMER values. With the
multiple KMER values used, SPAdes did a much better job of successfully
assembling the complete sequence from a wide range of input reads, but even so,
it could not assembly the complete set.

How to Split Fastq Files

MacVector does not have a built-in function to split fastq files. However, over the
years we have developed a few utilities to help this. One such utility is
“SplitFastqFile.app”. You can download this from our web site on the
macvector.com/Downloads page.

After downloading SplitFastqFile.app.zip, make sure it has been extracted
(double-click to extract if it has not) and move SplitFastqFile.app to a convenient
location e.g. your desktop.



Locate the fastq file(s) you want to split into smaller segments, select them (you
can select more than one if you wish), then drag and drop them onto the
SplitFastqFile.app icon.

You will first be prompted for the number of reads to be saved into each split file;

How many reads should be saved in each split
Lo Y] file?:
N

30000

Cancel OK

Lets use 30,000 as we will see this is more than enough for this data set and gave
the best results in the analysis described above (complete assemblies can be
generated with fewer than 10,000 reads from each starting file).

Next you will be prompted for an output folder;

Select a Folder where you want to save the split files

M < s Bom = Split30000 S Q
Favorites Name Date Modified

ES Dropbox

E All My Files

¢ iCloud Drive

[ Desktop

B3 users

72} kendall

/3; Applications

Bﬁ Documents

H Movies

#3; Adobe AIR Applicati...

n Music

@) Pictures

New Folder Cancel Choose

I created a new folder called Split30000 to save the files into.

Next you will be asked for a “Prefix” for the saved files for the first file (plasmid-
1_S5_L.001_R1_001 .fastq);

What prefix should be used for '/Volumes/Data/
"\ kendall/Dropbox/Sequences/DataForRegeneron/
\3// PRGN7782-plasmid-1_S5_L001_R1_001.fastq'?
(Do not use spaces!):

PRGN7782-R1-

Cancel OK

The full name is rather a mouthful so I compacted this to just “plasmid-R1-*. The
files will be generated with names adding “aaa”, “aab”, “aac” etc onto the Prefix,
so we should get filenames like plasmid-R1-aaa.fastq, plasmid-R1-aab.fastq,

plasmid-R1-aac .fastq etc.



When you click OK, your will see a “Job Running” dialog flash in and out of
existence. Behind the scenes the file is being quietly and efficiently split. After a
few seconds, you will get prompted for a prefix for the second file;

What prefix should be used for '/Volumes/Data/
"y kendall/Dropbox/Sequences/DataForRegeneron/
\37 PRGN7782-plasmid-1_S5_L001_R2_001.fastq'?
(Do not use spaces!):
PRGN7782-R2-

Cancel OK

I just named this ...R2- to distinguish it from the first.

When the second file has been split you will get a message that the file extensions
are being fixed, followed by a message letting you know the processing is
complete;

Processing complete - the split files can be
*y found in Macintosh
\3,/ HD:Users:kendall:Desktop:Split30000:

OK

If you look in the output directory you should see all of the split files;

[ NON ) /Users/kendall/Desktop/Split30000
< &) = ERER o Q
Favorites Name ~  Date Modified Size Kind

:.: Dropbox . PRGN7782-R1-aaa.fastq Today, 12:56 PM 6.2 MB FASTQ...uence
@ All My Files ~ pRGN7782-R1-aab.fastq Today, 12:56 PM 6.2 MB FASTQ...uence
~ pRGN7782-R1-aac.fastq Today, 12:56 PM 6.2 MB FASTQ...uence
& iCloud Drive " PRGN7782-R1-aad.fastq Today, 12:56 PM 62MB  FASTQ..uence
@ AirDrop pRGN7782-R1-aae.fastq Today, 12:56 PM 6.2 MB FASTQ...uence
. pRGN7782-R1-aaf.fastq Today, 12:56 PM 6.2 MB FASTQ...uence
(5 Desktop © PRGN7782-R1-aag.fastq  Today, 12:56 PM 62MB  FASTQ..uence
EI Users ~ pRGN7782-R1-aah.fastq Today, 12:56 PM 6.2 MB FASTQ...uence
m kendall ] pRGN7782-R1-aai.fastq Today, 12:56 PM 6.2 MB FASTQ...uence
pRGN7782-R1-aaj.fastq Today, 12:56 PM 6.2 MB FASTQ...uence
7%; Applications PRGN7782-Rl-aakfastq  Today, 12:56 PM 62MB  FASTQ..uence
Bj Documents " pRGN7782-R1-aal.fastq Today, 12:56 PM 6.2 MB FASTQ...uence
B VS ! ~ pRGN7782-R1-aam.fastq Today, 12:56 PM 6.2 MB FASTQ...uence
~ pRGN7782-R1-aan.fastq Today, 12:56 PM 6.2 MB FASTQ...uence
#™; Adobe AIR Application... " pRGN7782-R1-aao.fastq Today, 12:56 PM 62MB  FASTQ..uence
n Music " pRGN7782-R1-aap.fastq Today, 12:56 PM 6.2 MB FASTQ...uence
; ) .~ pRGN7782-R1-aaq.fastq Today, 12:56 PM 6.2 MB FASTQ...uence
FGRIES " pRGN7782-R1-aar.fastq Today, 12:56 PM 6.2 MB FASTQ...uence
£ Public  pRGN7782-R1-aas.fastq Today, 12:56 PM 6.2 MB FASTQ...uence
E Preferences ] pRGN7782-R1-aat.fastq Today, 12:56 PM 6.2 MB FASTQ...uence

Assembling with Velvet

The next phase is to assemble the reads into contigs. We will do this in triplicate —
we have lots of split files, so let’s repeat the assembly with three sets of
independent data and see if we get the same answer.

Choose File | New | Assembly Project. An empty Assembly Project window will
open. Click on the Add Segs toolbar button and navigate to the folder where you
saved the split files;



= [ (3 5plit10000 @

FAVORITES . Name 4 | Date Modified Size Kind
ﬁ Dropbox B PRGN7782-R1-aaa.fastq Today 8:47 PM 2.1 MB FAST...nce File
i pRCGN7782-R1-aab.fastq Today 8:47 PM 2.1 MB FAST...nce File
£ mvi4 B PRGN7782-R1-aac fastq Today 8:47 PM 2.1MB__ FAST..nce File
% All My Files " PRGN7782-R1-aad.fastq Today 8:47 PM 2.1 MB FAST...nce File
@ Macintosh HD :L pRGN7782-R1-aae.fastq Today 8:47 PM 2.1 MB FAST...nce File
'/\“ Applications " PRGN7782-R1-aaf.fastq Today 8:47 PM 2.1 MB FAST...nce File
hd " PRGN7782-R1-aag.fastq Today 8:47 PM 2.1 MB FAST...nce File
[ Desktop " PRGN7782-R1-aah.fastq Today 8:47 PM 2.1MB  FAST...nce File
%) Documents " PRGN7782-R1-aai.fastq Today 8:47 PM 2.1 MB FAST...nce File
ﬁ FastQTests ! " pRGN7782-R1-aaj.fastq Today 8:47 PM 2.1 MB FAST...nce File
ﬁ B GED " PRGN7782-R1-aak.fastq Today 8:47 PM 2.1 MB FAST...nce File
" PRGN7782-R1-aal.fastq Today 8:47 PM 2.1 MB FAST...nce File
(2 Songbooks " PRGN7782-R1-aam.fastq Today 8:47 PM 2.1 MB FAST...nce File
0 Downloads " PRGN7782-R1-aan.fastq Today 8:47 PM 2.1MB FAST...nce File
-1 Movies PRGN7782-R1-aao.fastq Today 8:47 PM 2.1MB  FAST...nce F?Ie
Cancel | Open |

Select the first three “R1” files -
the Open button.

...R1-aaa, ...R1-aab and ...R1-aac and click on

Repeat, but this time, choose the first three “R2” files;

= T £ Split10000 i@

FAVORITES . W - Date Modified 52l Kin s
(2] Dropbox " PRGN7782-R1-aff.fastq Today 8:47 PM 2.1MB  FAST...nce File
£ Mvi4 " PRGN7782-R1-afg.fastq Today 8:47 PM 2.1 MB FAST...nce File
— " PRGN7782-R1-afh.fast T 47 PM 2KB  FAST...nce Fil
‘% All My Files - PRGI 8. afh.fastq oday 8: 63 AST...nce e

B pRGN7782-R2-aaa.fastq Today 8:48 PM 2.1 MB FAST...nce File
Macintosh HD B PRGN7782-R2-aab.fastq Today 8:48 PM 2.1MB__ FAST...nce File
r/A\; Applications pRGN7782-R2-aac.fastq Today 8:48 PM 2.1 MB FAST...nce File
@ Desktop pRGN7782-R2-aad.fastq Today 8:48 PM 2.1 MB FAST...nce File
" PRGN7782-R2-aae.fastq Today 8:48 PM 2.1MB  FAST...nce File

@ Documents . -
pRGN7782-R2-aaf.fastq Today 8:48 PM 2.1 MB FAST...nce File
(0] FastQTests " PRGN7782-R2-aag.fastq Today 8:48 PM 2.1MB  FAST...nce File
(2] Distribution " PRGN7782-R2-aah.fastq Today 8:48 PM 2.1MB  FAST...nce File
ﬁ Songbooks ! t pRGN7782-R2-aai.fastq Today 8:48 PM 2.1 MB FAST...nce File
o D load pRGN7782-R2-aaj.fastq Today 8:48 PM 2.1 MB FAST...nce File
owrloacs 1" pRGN7782-R2-aak.fastq Today 8:48 PM 2.1MB  FAST...nce File
=1 Movies " pRGN7782-R2-aal.fastq Today 8:48 PM 2.1MB  FAST...nce File
_ Cancel | | Open |

Now select the pair of ...aaa.fastq files in the Assembly Project window (use the
command key to toggle selections on and off) and click on the Velvet icon;

[ NON )

Untitled — Project

W P e E I

Add Reads Add Seqs Add Ref Add Contig Remove Reset Prefs Phred CrossMatch Phrap Bowtie SPAdes Velvet

3 J DA

Q Name
Filter

Name Status Length v # ClipL ClipR Start Stop D...
=N PRGN7782-R1-aaa.fastq llumina Paired-end 75 30000 [
=) PRGN7782-R2-aaa.fastq  llumina Paired-end 75 30000 [
= PRGN7782-R1-aab.fastq  llumina Paired-end 75 20000 e
=] pRGN7782-R1-aac.fastg  llumina Paired-end 75 20000 /
=] PRGN7782-R2-aab.fastq Illumina Paired-end 75 20000 e
=) PRGN7782-R2-aac.fastq  Ilumina Paired-end 75 20000 /..

A Velvet setup dialog appears;



Read pre-processing Initial velveth Processing
"Long" reads are at least 500 nt Hash ("K-MER")
gl
Discard reads less than nt
299)
Trim ends with quality less than
Trim N's from ends

Discard short reads that contain any N's
Source files contain paired reads
Auto Short Read insert length: = 400 Long Read insert length: 10,000

Override automatic coverage defaults

Coverage cutoff: 5 Min. contig length:

Expected coverage: 50 Maximum coverage:

Advanced parameters

Disable scaffolding Long Read merge cutoff: 2 (0-20)
Min. pair count: 5 (1-20) Max. branch length: 100 nt
Max. branch gaps: 3 (0-10) Max. branch divergence: 0.2 (0.0-1.0)c
Defaults Cancel OK

The most critical parameters in this are the Hash (K-MER”) setting and the
checkbox to let Velvet know you are using paired-end read files.

The K-MER value is generally the first parameter you should consider changing.
It should have an odd value between 11 and 255. For Illumina reads like these, a
good starting point is to aim at two-thirds of the read length. So, we will try 51.

The remainder of the parameters we will leave as the default. Click OK.

A progress dialog will appear. The entire assembly should take just a few
seconds, then a new “Contig 1” entry appears in the Assembly Project window;

( X N J Untitled — Project
. H S5 5 - : P/~ 0 P
t B A & BHEHE F I DI Q Name
Add Reads Add Segs Add Ref Add Contig Remove Reset Prefs Phred CrossMatch Phrap Bowtie SPAdes Velvet Filter

1 Project | Properties

Name A Status Length # ClipL ClipR Start Stop
& UnusedReads.fa Other 64 1000 /..
| pRGN7782-R1-aaa.fastq  llumina Paired-end 75 30000 i
= PRGN7782-R1-aab.fastq  llumina Paired-end 75 20000 [
(] PRGN7782-R1-aac.fastqg  llumina Paired-end 75 20000 [
N PRGN7782-R2-aaa.fastq llumina Paired-end 75 30000 /..
= PRGN7782-R2-aab.fastq Ilumina Paired-end 75 20000 /]
=) PRGN7782-R2-aac.fastq llumina Paired-end 75 20000 [
8909 58789 1 8909

The fact that a single contig appears is a good thing. It is also in the size range we
would expect for our plasmid. Double-click on Contig 1 to open up the Contig
Editor window;



— Editor

3 = p— 18 ACGT
B B J M Ol st 2o oy Ba A s
Locked Text View Prefs Replica  Translations Width Basecalls Qualities Dots Create

-1 Editor J Map J Features f Annotations [ Summary

0 0
Consensus AAGGTGGAGAAGGGAAAAAGCAAGAAACTGAAATCCGTCAAGGAACTGCTGGGGATCACAATTATGGAGAGGAGCAGCTTCGAAA/

16393 P AAGGTGGAGAAGGGAAAAAGCAAGAAACTGAAATCCGTCAAGGAACTGCTGGGGATCACAATTATGGAGAGGAGCA

17328 P AGGTGGAGAAGGGAAAAAGCAAGAAACTGAAATCCGTCAAGGAACTGCTGGGGATCACAATTATGGAGAGGAGCAG

1452 P GGTGGAGAAGGGAAAAAGCAAGAAACTGAAATCCGTCAAGGAACTGCTGGGGATCACAATTATGGAGAGGAGCAG

3769 P GGTGGAGAAGGGAAAAAGCAAGAAACTGAAATCCGTCAAGGAACTGCTGGGGATCACAATTATGGAGAGGAGCAG

12060 P GGTGGAGAAGGGAAAAAGCAAGAAACTGAAATCCGTCAAGGAACTGCTGGGGATCACAATTATGGAGAGGAGCAG

14474 P GGTGGAGAAGGGAAAAAGCAAGAAACTGAAATCCGTCAAGGAACTGCTGGGGATCACAATTATGGAGAGGAGCAG

4073 » GTGGAGAAGGGAAAAAGCAAGAAACTGAAATCCGTCAAGGAACTGCTGGGGATCACAATTATGGAGAGGAGCAG

4253 4 GTGGAGAAGGGAAAAAGCAAGAAACTGAAATCCGTCAAGGAACTGCTGGGGATCACAATTATGGAGAGGAGCAG

5114 » GTGGAGAAGGGAAAAAGCAAGAAACTGAAATCCGTCAAGGAACTGCTGGGGATCACAATTATGGAGAGGAGCAG

15329 » GTGGAGAAGGGAAAAAGCAAGAAACTGAAATCCGTCAAGGAACTGCTGGGGATCACAATTATGGAGAGGAGCAG

2405 4 GTGGAGAAGGGAAAAAGCAAGAAACTGAAATCCGTCAAGGAACTGCTGGGGATCACAATTATGGAGAGGAGCAG

2939 4 GTGGAGAAGGGAAAAAGCAAGAAACTGAAATCCGTCAAGGAACTGCTGGGGATCACAATTATGGAGAGGAGCAGC

6567 4 GTGGAGAAGGGAAAAAGCAAGAAACTGAAATCCGTCAAGGAACTGCTGGGGATCACAATTATGGAGAGGAGCAGC

3453 4 TGGAGAAGGGAAAAAGCAAGAAACTGAAATCCGTCAAGGAACTGCTGGGGATCACAATTATGGAGAGGAGCAGCTT

4913 4 TGGAGAAGGGAAAAAGCAAGAAACTGAAATCCGTCAAGGAACTGCTGGGGATCACAATTATGGAGAGGAGCAGCTT

5334 4 TGGAGAAGGGAAAAAGCAAGAAACTGAAATCCGTCAAGGAACTGCTGGGGATCACAATTATGGAGAGGAGCAGCTT

10531 » GGAGAAGGGAAAAAGCAAGAAACTGAAATCCGTCAAGGAACTGCTGGGGATCACAAT TATGGAGAGGAGCAGCTT

11389 4 GGAGAAGGGAAAAAGCAAGAAACTGAAATCCGTCAAGGAACTGCTGGGGATCAAAATTATGGAGAGGAGCATCTT

4207 » AGAAGGGAAAAAGCAAGAAACTGAAATCCGTCAAGGAACTGCTGGGGATCACAATTATGGAGAGGAGCAGCTTCGA
6523 4 AAGGGAAAAAGCAAGAAACTGAAATCCGTCAAGGAACTGCTGGGGATCACAATTATGGAGAGGAGCAGCTTCGAAA
13096 4 AAGGGAAAAAGCAAGAAACTGAAATCCGTCAAGGAACTGCTGGGGATCACAATTATGGAGAGGAGCAGCTTCGAAA
19668 4 AAGGGAAAAAGCAAGAAACTGAAATCCGTCAAGGAACTGCTGGGGATCACAATTATGGAGAGGAGCAGCTTCGAAA
17476 » GGGAAAAAGCAAGAAACTGAAATCCGTCAAGGAACTGCTGGGGATCACAATTATGGAGAGGAGCAGCTTCGAAA/
2131 4 AAAAGCAAGAAACTGAAATCCGTCAAGGAACTGCTGGGGATCACAATTATGGAGAGGAGCAGCTTCGAAA/
9838 4 AAAGCAAGAAACTGAAATCCGTCAAGGAACTGCTGGGGATCACAATTATGGAGAGGAGCAGCTTCGAAA/
505 L4 ACTGAAATCCGTCAAGGAACTGCTGGGGATCACAATTATGGAGAGGAGCAGCTTCGAAAL

The Editor tab shows the aligned reads with the consensus across the top. Note
that Velvet renames the reads, so unfortunately the names in the left hand margin
do not correspond to names in the original fastq file. Unlike ABI contig
assemblies, this assembly is NOT editable. The displayed alignment is for
informational purposes only. You can click on the Dots toolbar item to get a feel
for the quality of the alignment;

® 006 — Editor
g PN . L T VY.

Locked Text View Prefs RTpIica Translations Width Basecalls Qualities Dots Create

-1 Editor J Map [ Features [ Annotations { Summary

10 20 30 40 50 60 76 80
C AAGGTGGAGAAGGGAAAAAGCAAGAAACTGAAATCCGTCAAGGAACTGCTGGGGATCACAATTATGGAGAGGAGCAGCTTCGAAA/

16393
17328
1452
3769
12060
14474
4073
4253
5114
15329
2405
2939

3453
4913

10531
11389
4207
6523
13096
19668
17476
2131

In this case, the alignment is pretty good, with just a couple of mismatched
residues in one of the reads.



Perhaps more informative is the Map tab;

[ BN Contig 1 — Map
A =5 3
B EH @D E H a-lgy o0 1
Locked Prefs Replica Add Seqs Digest 100% Preview Create Edit Delete Range
Editor Map | Features ‘ Annotations [ Summary
Contig 1
EcoRl (2569)
Apal (2291)
Clal-DAM (1408)  Dral 2222) ) Apall (5604)
Bell-DAM (997) ApaLI (1787) Sspl 12376) Sspl (4750) Fspl (5685) Bell-DAM (7237)
Bell (997)?—\ch (1573) Bglll (2205) Hindlll (2963) Clal (4982) Sacl (6112) Bell (7237)  Dral (7934)
Boll (88) Clal (952) Sall (1572) Kpnl %2173) ECORV (2959) Xhol (507‘3; (" xoal (6177) Bcll-DAM (7331)  Bell-DAM (8272
Boll-DA qupl (695) C\;‘limas)\s;cin (2iusw) Stul (2940) Apau (3636) ‘ Clal (sizws) Spcu5526)/Acc\(5459; Fscnmaw)i };Bcll (8272)
N

4270 500 7200 15‘00 20‘170 44‘017 2&;00 3;00 31;00 41;00 44‘170 45‘017 5;00 5‘00 50‘00 éJUU 6800 72017 7500 8000 5400 55170
1120
980
840

700 fﬂ I\ ﬂl
560 YA m.f"\lr!\'l M, )fh M fY

f""V‘W"*J WW*W kuvu\u Ve RS Y

Here we can see a coverage map of the reads across the assembly. You can see
that while the average is around 400x, there are some regions with over 1000x
coverage and one region, centered around 2800, that has only about 30x coverage.
The Summary tab has more information on the coverage;

[ BON ) Contig 1 — Summary
@& [7) -

Locked Prefs Replica Dots

Editor | Map Features | Annotations 1 Summary J
Summary report for Contig 1

Number of aligned reads: 58789

Average read length: 75

Average coverage depth: 497

Average quality value for consensus: 15

Number of consensus residues of poor quality (< 40): 8909

Consensus base composition:

Base Count Percentage
A 2449 27.49
C 2132 23.93
G 2273 25.51
T 2055 23.07

One thing to note about the Summary output is that Velvet does not assign quality
values to the consensus sequence (in contrast to phrap, which generates quality
values for every base in the consensus). Thus the Summary will always report that
all of the residues are of poor quality — this can be ignored.

Analyzing the Consensus Sequence

Circularizing Using a Right-Click Menu

In common with other de novo assemblers, Velvet will not automatically
circularize sequences, so we have to do that manually. Luckily, MacVector



provides several functions to simplify this. By far the easiest to use is a new
feature added in MacVector 16.0.1. In the Editor tab of the Contig window, right-
click (<ctrl>-click if you don’t have a right mouse button) and a popup context-
sensitive menu will appear;

[ BN J Contig 1 — Editor |
e T E T e P e B s,
Locked Text View Prefs Replica Translations Width Basecalls Qualities Dots Create
1 Editor J Map ﬁf Features [ Annotations [ Summary
20 30 40 50 60 70 g o 110
20278 C z AAAACCGAGGAAAGAGTGATAATGTCCCCTCAGAGGAAGTGGTCAAGAAAATGAAGAACTACTGGAGGCAGCTGCTGAATGCCAAACTGATCACCCAGCGAAAGTTTGATAAC
22978 e
31848
Q0715
33548 bl
34218 D
54724 .
41792 Export Consensus with Gaps... |
67914 Export Consensus without Gaps... I
11972 | 8
16262 | 8
3319 | 8
36906 | 8
42150 | 8
43069 A 5 N. .
e Circularize Consensus (50 nt overlap) i
37630 e Oy < < «
57758 e
12507 bl
14362

The menu item we are interested in here is the one at the bottom. If the contig has
direct repeats at the ends, the item will be active and will have text similar to
“Circularize Consensus (50 nt overlap)”, where it will report the actual length of
the overlap. This needs to be at least 15 nt. In the absence of direct repeats, the
menu item will be disabled and have the text “Cannot Circularize Consensus”. If
you select the menu item, a new circular sequence document window appears.

[ ION Contig 1 — Editor
Bo NN F S — e B @ v
DNA Unlocked Text View Prefs Replica Topology Blocking Voice Verify Display Create Range Features
_1 Editor J Map J Features J Annotations
100
AAAACCGAGG AAAGAGTGAT AATGTCCCCT CAGAGGAAGT GGTCAAGAAA ATGAAGAACT ACTGGAGGCA GCTGCTGAAT GCCAAACTGA TCACCCAGCG
AAAGTTTGAT AACCTGACAA AAGCTGAGAG GGGGGGCCTG TCCGAACTGG ACAAAGCAGG CTTCATCAAG CGACAGCTGG TGGAGACAAG GCAGATC;?E
AAGCACGTCG CTCAGATCCT GGACAGCAGG ATGAACACCA AGTACGATGA GAATGACAAA CTGATCCGGG AAGTGAAGGT CATTACACTG AAGTCAA;Z?
TGGTGAGCGA CTTTAGGAAA GATTTCCAGT TCTACAAGGT CAGAGAGATC AACAACTACC ACCATGCTCA TGACGCATAC CTGAACGCAG TGGTCGGéZg
TGCCCTGATT AAGAAATACC CTAAACTGGA GTCTGAGTTC GTGTACGGCG ACTATAAGGT GTACGATGTC AGAAAAATGA TCGCCAAGAG CGAGCAGéZZ
ATTGGCAAAG CCACCGCTAA GTATTTCTTT TACTCCAACA TCATGAATTT CTTTAAGACT GAGATCACCC TGGCAAATGG CGAAATCCGA AAGAGGngg
TGATTGAGAC TAACGGAGAG ACAGGGGAAA TCGTGTGGGA CAAAGGAAGA GATTTTGCTA CCGTGCGGAA GGTCCTGAGT ATGCCCCAAG TGAATAT$3$
CAAGAAAACA GAGGTGCAGA CTGGAGGGTT CAGTAAGGAA TCAATTCTGC CTAAACGCAA CAGCGATAAG CTGATCGCCC GAAAGAAAGA CTGGGAngg
AAGAAGTATG GCGGATTCGA CTCCCCAACC GTGGCTTACT CTGTCCTGGT GGTCGCAAAG GTGGAGAAGG GAAAAAGCAA GAAACTGAAA TCCGTCAZgg
AACTGCTGGG GATCACAATT ATGGAGAGGA GCAGCTTCGA AAAGAATCCT ATCGATTTTC TGGAGGCCAA AGGGTATAAG GAAGTGAAGA AAGACC$32$
1100

CATCAAGCTG CCAAAGTACT CTCTGTTTGA GCTGGAAAAC GGCAGAAAGC GGATGCTGGC AAGTGCCGGC GAGCTGCAAA AAGGAAATGA ACTGGCCCTG

Save this sequence as plasmid- 1 .nucl.

Circularizing Using a Dot-plot Analysis

The right-click menu approach works fine most of the time. But, if you do not
have a perfect repeat at the ends of the contig, you may need to manually
circularize the molecule. Here’s how to do that so you can explore any similarities



at the ends and potentially spot and fix sequencing errors that might prevent
circularization.

First, to simplify the analysis, lets retrieve the consensus sequence from Contig 1.
There are several ways to do this (e.g. you can File | Export as a single MacVector
Nucleic Acid sequence), but perhaps the simplest is to use the right-click menu
again and select the Export Consensus Without Gaps... item;

® 006 Untitled 2 — Editor

32 A - N — =+

DNA Unlocked Text View Prefs Replica  Topology  Blocking  Voice Verify  Display  Create Range
1 Editor J Map J Features J Annotations

= 96
AAGGTGGAGA AGGGAAAAAG CAAGAAACTG AAATCCGTCA AGGAACTGCT GGGGATCACA ATTATGGAGA GGAGCAGCTT CGAAAAGAAT
180
CCTATCGATT TTCTGGAGGC CAAAGGGTAT AAGGAAGTGA AGAAAGACCT GATCATCAAG CTGCCAAAGT ACTCTCTGTT TGAGCTGGAA
270

AACGGCAGAA AGCGGATGCT GGCAAGTGCC GGCGAGCTGC AAAAAGGAAA TGAACTGGCC CTGCCCTCAA AGTACGTGAA CTTCCTG%AT
360
CTGGCTAGCC ACTACGAGAA GCTGAAAGGC TCCCCTGAGG ATAACGAACA GAAACAGCTG TTTGTGGAGC AGCACAAGCA TTATCTGGAC
450

GAGATCATTG AACAGATTAG CGAGTTCTCC AAACGCGTGA TCCTGGCTGA CGCAAATCTG GATAAGGTCC TGTCTGCATA CAACAAA;AC
AGGGACAAGC CAATCAGAGA GCAGGCCGAA AATATCATTC ATCTGTTCAC TCTGACCAAC CTGGGAGCCC CCGCAGCCTT CAAGTAT;:g
GACACTACCA TCGATCGCAA ACGATACACA AGCACTAAGG AGGTGCTGGA TGCTACCCTG ATCCACCAGA GCATTACTGG GCTGTACS;@
720
ACAAGGATCG ACCTGTCCCA GCTGGGGGGA GACAAACGCC CAGCCGCCAC CAAGAAAGCA GGACAGGCAA AGAAGAAGAA GTGAGTCéAg
AATCAACCTC TGGATTACAA AATTTGTGAA AGATTGACTG GTATTCTTAA CTATGTTGCT CCTTTTACGC TATGTGGATA CGCTGCT?;:
900
ATGCCTTTGT ATCATGCTAT TGCTTCCCGT ATGGCTTTCA TTTTCTCCTC CTTGTATAAA TCCTGGTTGC TGTCTCTTTA TGAGGAG;?E
990
TGGCCCGTTG TCAGGCAACG TGGCGTGGTG TGCACTGTGT TTGCTGACGC AACCCCCACT GGTTGGGGCA TTGCCACCAC CTGTCAGé;g
CTTTCCGGGA CTTTCGCTTT CCCCCTCCCT ATTGCCACGG CGGAACTCAT CGCCGCCTGC CTTGCCCGCT GCTGGACAGG GGCTCGES?E
1170
TTGGGCACTG ACAATTCCGT GGTGTTGTCG GGGAAATCAT CGTCCTTTCC TTGGCTGCTC GCCTGTGTTG CCACCTGGAT TCTGCGEéég
126,
ACGTCCTTCT GCTACGTCCC TTCGGCCCTC AATCCAGCGG ACCTTCCTTC CCGCGGCCTG CTGCCGGCTC TGCGGCCTCT TCCGCGT‘VC;;7
CGCCTTCGCC CTCAGACGAG TCGGATCTCC CTTTGGGCCG CCTCCCCGCC TGGTACCTTT AAGACCAATG ACTTACAAGG CAGCTG#;é:
TCTTAGCCAC TTTTTAAAAG AAAAGGGGGG ACACCGGTAA TTCGAACGCT GACGTCATCA ACCCGCTCCA AGGAATCGCG GGCCCA&?E$
CACTAGGCGG GAACACCCAG CGCGCGTGCG CCCTGGCAGG AAGATGGCTG TGAGGGACAG GGGAGTGGCG CCCTGCAATA TTTGCA?é;g
1620
GCTATGTGTT CTGGGAAATC ACCATAAACG TGAAATGTCT TTGGATTTGG GAATCTTATA AGTTCTGTAT GAGACCACTG AGCTAG%?&S
L 17140

The next step is to circularize the molecule. But first we have to work out if there
is an overlap between the beginning and the end of the sequence. One important
thing to know about Velvet is that when it assembles a circular molecule, it tends
to produce duplications at the beginning and end of approximately the value of K-
MER. You may remember we used a value of 51 for this, so we are going to
expect a duplication of approximately that value. This is just a rough guide — it is
never longer than this, but frequently it is shorter, particularly with low coverage
assemblies.

One quick way to look for direct repeats in a DNA molecule in MacVector is to
use the Dot Plot functionality. With the new sequence window active, choose
Analyze | Create Dot Plot | Pustell DNA Matrix;



Contig 1 Contig 1

Untitled 2 Untitled 2
X Region Y Region
1 to 8909 53 1 to 8909 2}
Options
Set Scoring Matrix... # DNA identity with penalties matrix.nmat =

Window Siz Hash Value: | 5 -

Minimum % Scor: 0 Strand: | Both ¢

Jump: |1 S

Defaults Cancel OK

Set the Window Size to 20 (or a value that is significantly less than the expected
overlap between the ends) and Minimum % Score to 95%, as we are expecting
essentially identical overlaps at the ends. Make sure you are comparing the new
sequence (Untitled 2 in this case) against itself. Click OK.

® O 0O Untitled 2 — Results
Matrix Plot | £ Aligned Sequence
Window Size = 20 Strand = Both Scoring Matrix: DNA identity with penalties matrix.nmat

Min. % Score = 95 Jump = 1
Hash Value = 5
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Untitled

The Matrix Plot usually gives a good overview of the similarities between two
sequences, or of direct repeats within a sequence. The long black diagonal line
indicates the expected end-to-end identity when you compare a sequence to itself.
In this case we are hoping to see direct repeats at the ends of the sequence —
unfortunately, these are hard to see at the fully zoomed out resolution, though if



you look carefully you can see small “blips” at the circled corners. You can click
and drag in the corners to “zoom” into those regions;

® O O Untitled 2 — Results

Matrix Plot | £ Aligned Sequence

Window Size = 20 Strand =
Min. % Score = 95 Jump =1
Hash Value = 5

Both Scoring Matrix: DNA identity with penalties matrix.nmat

8760
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8800

8820

Untitled
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8900 B
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Untitled

Once zoomed in. the diagonal representing the repeat is much easier to see. Even
more clear, is to simply click on the Aligned Sequence tab;

® 00 Untitled 2 — Results
£2 Matrix Plot | © Aligned Sequence
Sequence: Untitled Range: 1 to 8909
0
Untitled AAGGTGGAGA AGGGAAAAAG CAAGAAACTG AAATCCGTCA AGGAACTGCT GGGGATCACA ATTATGGAGA GGAGCAGCTT
TTCCACCTCT TCCCTTTTTC GTTCTTTGAC TTTAGGCAGT TCCTTGACGA CCCCTAGTGT TAATACCTCT CCTCGTCGAA
a /DATE="25-APR-2016"; /NOTE="1 TO 8969 OF CONTIG 1" a >
8860 8870 8880 8890 8900
Untitled + AAGGTGGAGA AGGGAAAAAG CAAGAAACTG AAATCCGTCA AGGAACTGCT>
PECEELEEEE PELerereer cerereer e terreeerer tereennrn
Untitled AAGGTGGAGA AGGGAAAAAG CAAGAAACTG AAATCCGTCA AGGAACTGCT
10 20 30 40 50 60 70 80
Untitled + AAGGTGGAGA AGGGAAAAAG CAAGAAACTG AAATCCGTCA AGGAACTGCT GGGGATCACA ATTATGGAGA GGAGCAGCTT>
PECELEEEEE Peeerereer cerereer e terreee e cereer e ceeeereert teererrerr cerrerrtd
Untitled AAGGTGGAGA AGGGAAAAAG CAAGAAACTG AAATCCGTCA AGGAACTGCT GGGGATCACA ATTATGGAGA GGAGCAGCTT
140 150 160
Untitled CGAAAAGAAT CCTATCGATT TTCTGGAGGC CAAAGGGTAT AAGGAAGTGA AGAAAGACCT GATCATCAAG CTGCCAAAGT
GCTTTTCTTA GGATAGCTAA AAGACCTCCG GTTTCCCATA TTCCTTCACT TCTTTCTGGA CTAGTAGTTC GACGGTTTCA
a /DATE="25-APR-2016"; /NOTE="1 TO 8909 OF CONTIG 1" a >
90 100 110 120 130 140 150 160
Untitled + CGAAAAGAAT CCTATCGATT TTCTGGAGGC CAAAGGGTAT AAGGAAGTGA AGAAAGACCT GATCATCAAG CTGCCAAAGT>
PEEEEEEEE L e peereeer e cereeee e ceerere et ceerererrr ceerererer teeerrennd
Untitled CGAAAAGAAT CCTATCGATT TTCTGGAGGC CAAAGGGTAT AAGGAAGTGA AGAAAGACCT GATCATCAAG CTGCCAAAGT
170 180 190 200 210 220 230 240
Untitled ACTCTCTGTT TGAGCTGGAA AACGGCAGAA AGCGGATGCT GGCAAGTGCC GGCGAGCTGC AAAAAGGAAA TGAACTGGCC
TGAGAGACAA ACTCGACCTT TTGCCGTCTT TCGCCTACGA CCGTTCACGG CCGCTCGACG TTTTTCCTTT ACTTGACCGG
a /DATE="25-APR-2016"; /NOTE="1 TO 8909 OF CONTIG 1" a >
170 180 190 200 210 220 230 240
Untitled + ACTCTCTGTT TGAGCTGGAA AACGGCAGAA AGCGGATGCT GGCAAGTGCC GGCGAGCTGC AAAAAGGAAA TGAACTGGCC>
FLLULEEEEE Lerreeet ceee et Leer e e eet CeLeree e Leeee e il
Untitled ACTCTCTGTT TGAGCTGGAA AACGGCAGAA AGCGGATGCT GGCAAGTGCC GGCGAGCTGC AAAAAGGAAA TGAACTGGCC
250 260 270 280 290 300 310 320

The repeat from the end of the sequence is now clearly shown aligned to the
beginning. We can see that it does look to be right about 50nt in length.

So, now we know that we do have the expected repeat, indicating that we have
truly sequenced a circular sequence that is “wrapping around, we need to truncate
the sequence to remove the duplicated segment. By far the easiest way to do this



is to use MacVector’s Find functionality. Close the Dot Plot result window and
select the first ~20 nt in the sequence. If there was a mismatch in the alignment,
you should make sure that residue is not included in the selection.

® 006 Untitled 2 — Editor
D e L T B e 120 »

DNA Unlocked Text View Prefs Replica  Topology  Blocking  Voice Verify (20 bp)
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+ 80
AAGGTGGAGA AGGGAAAAAG CAAGAAACTG AAATCCGTCA AGGAACTGCT GGGGATCACA ATTATGGAGA GGAGCAGCTT
CGAAAAGAAT CCTATCGATT TTCTGGAGGC CAAAGGGTAT AAGGAAGTGA AGAAAGACCT GATCATCAAG CTGCCAAig$
ACTCTCTGTT TGAGCTGGAA AACGGCAGAA AGCGGATGCT GGCAAGTGCC GGCGAGCTGC AAAAAGGAAA TGAACTGégg
CTGCCCTCAA AGTACGTGAA CTTCCTGTAT CTGGCTAGCC ACTACGAGAA GCTGAAAGGC TCCCCTGAGG ATAACGAiéz
GAAACAGCTG TTTGTGGAGC AGCACAAGCA TTATCTGGAC GAGATCATTG AACAGATTAG CGAGTTCTCC AAACGCGigz
TCCTGGCTGA CGCAAATCTG GATAAGGTCC TGTCTGCATA CAACAAACAC AGGGACAAGC CAATCAGAGA GCAGGCCé:ﬁ
AATATCATTC ATCTGTTCAC TCTGACCAAC CTGGGAGCCC CCGCAGCCTT CAAGTATTTT GACACTACCA TCGATCGéEﬁ
ACGATACACA AGCACTAAGG AGGTGCTGGA TGCTACCCTG ATCCACCAGA GCATTACTGG GCTGTACGAG ACAAGGAggg
ACCTGTCCCA GCTGGGGGGA GACAAACGCC CAGCCGCCAC CAAGAAAGCA GGACAGGCAA AGAAGAAGAA GTGAGTCéjg
AATCAACCTC TGGATTACAA AATTTGTGAA AGATTGACTG GTATTCTTAA CTATGTTGCT CCTTTTACGC TATGTGGf?g
CGCTGCTTTA ATGCCTTTGT ATCATGCTAT TGCTTCCCGT ATGGCTTTCA TTTTCTCCTC CTTGTATAAA TCCTGGngg
96A

Choose Edit | Copy to copy the sequence, then choose Edit | Find | Find... Paste the
copied sequence into the Find edit box;

8 00 Find

Find: |AAGGTGGAGAAGGGAAAAAG [v]
Replace: ‘ [v
|| Literal Strand: | Both 3

A | Replace All
dﬂj I || Wrap Around Frame: | All 3|

{ Replace

| Replace & Find | Find Previous | Find Next | Find |

Click on the Find button — it will simply re-select the first ~20nt in the sequence
window. Then click Find Next. You should see that it finds a match close to the
end of the sequence;

® 0 O Untitled 2 — Editor
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AAAAA A AA,

8160
ATGCCAAACT GATCACCCAG CGAAAGTTTG ATAACCTGAC AAAAGCTGAG AGGGGGGGCC TGTCCGAACT GGACAAAGCA
GGCTTCATCA AGCGACAGCT GGTGGAGACA AGGCAGATCA CAAAGCACGT CGCTCAGATC CTGGACAGCA GGATGAié:g
CAAGTACGAT GAGAATGACA AACTGATCCG GGAAGTGAAG GTCATTACAC TGAAGTCAAA ACTGGTGAGC GACTTTfééz
AAGATTTCCA GTTCTACAAG GTCAGAGAGA TCAACAACTA CCACCATGCT CATGACGCAT ACCTGAACGC AGTGGTgégg
ACTGCCCTGA TTAAGAAATA CCCTAAACTG GAGTCTGAGT TCGTGTACGG CGACTATAAG GTGTACGATG TCAGAA§:§$
GATCGCCAAG AGCGAGCAGG AAATTGGCAA AGCCACCGCT AAGTATTTCT TTTACTCCAA CATCATGAAT TTCTTTizgf
CTGAGATCAC CCTGGCAAAT GGCGAAATCC GAAAGAGGCC ACTGATTGAG ACTAACGGAG AGACAGGGGA AATCGTgiég
GACAAAGGAA GAGATTTTGC TACCGTGCGG AAGGTCCTGA GTATGCCCCA AGTGAATATT GTCAAGAAAA CAGAGG?égz
GACTGGAGGG TTCAGTAAGG AATCAATTCT GCCTAAACGC AACAGCGATA AGCTGATCGC CCGAAAGAAA GACTGGgigg
CCAAGAAGTA TGGCGGATTC GACTCCCCAA CCGTGGCTTA CTCTGTCCTG GTGGTCGCAA AGGTGGAGAA GGGAAA:ﬁgg

. AAGAAACTGA AATCCGTCAA GGAACTGCT



This is the start of the duplicated region at the end. To extend the selection to the
end of the sequence, hold down the <shift> key and click just beyond the last
character;

® 006 Untitled 2 — Editor
g: M 7 i i (7760:3900 -
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Editor Map Features Annotations

ATGCCAAACT GATCACCCAG CGAAAGTTTG ATAACCTGAC AAAAGCTGAG AGGGGGGGCC TGTCCGAACT GGACAAiégi
GGCTTCATCA AGCGACAGCT GGTGGAGACA AGGCAGATCA CAAAGCACGT CGCTCAGATC CTGGACAGCA GGATGAiéZg
CAAGTACGAT GAGAATGACA AACTGATCCG GGAAGTGAAG GTCATTACAC TGAAGTCAAA ACTGGTGAGC GACTTTiééz
AAGATTTCCA GTTCTACAAG GTCAGAGAGA TCAACAACTA CCACCATGCT CATGACGCAT ACCTGAACGC AGTGGTgégg
ACTGCCCTGA TTAAGAAATA CCCTAAACTG GAGTCTGAGT TCGTGTACGG CGACTATAAG GTGTACGATG TCAGAAiZig
GATCGCCAAG AGCGAGCAGG AAATTGGCAA AGCCACCGCT AAGTATTTCT TTTACTCCAA CATCATGAAT TTCTTTi:gz
CTGAGATCAC CCTGGCAAAT GGCGAAATCC GAAAGAGGCC ACTGATTGAG ACTAACGGAG AGACAGGGGA AATCGTé?ég
GACAAAGGAA GAGATTTTGC TACCGTGCGG AAGGTCCTGA GTATGCCCCA AGTGAATATT GTCAAGAAAA CAGAGG?Z?Z
GACTGGAGGG TTCAGTAAGG AATCAATTCT GCCTAAACGC AACAGCGATA AGCTGATCGC CCGAAAGAAA GACTGGgigg
CCAAGAAGTA TGGCGGATTC GACTCCCCAA CCGTGGCTTA CTCTGTCCTG GTGGTCGCAA AGGTGGAGAA GGGAAAi:gg

AAGAAACTGA AATCCGTCAA GGAACTGCT
Now press the <delete> key to remove the duplication. Finally, click on the

Topology button to circularize the sequence. then File | Save it under a suitable
name (e.g. pPRGN7782-1). We have the sequence of our plasmid!

Of course, if you had a mismatch in the repeat region, you would now need to
confirm the sequence at the ends. We will look at some ideas on how to do that
later on.

Repeating the Assembly

Lets double-check that the sequence is correct. We imported 3 pairs of files into
our original Assembly Project. So we can repeat the assembly using the aab and
aac pairs.

Select the aab pair of files and click the Velvet button;

® 006 Untitled — Project
n e n
P ow F Flo B By G
Add Seqs Add Ref Add Contig Remove Seqs Reset Prefs Phred CrossMatch Phrap Bowtie Velvet Filter
Project
' Name A | Status Length # ClipL ClipR Start Stop
& UnusedReads.fa Unknown format 75 306
& pRGN7782-R1-aaa.fastqg FASTQ Sequence... o) 9923
= pRCN7782-R1-aab.fastg FASTQ Sequence... 74 10000
& pRGN7782-R1-aac.fastg FASTQ Sequence... 75 9000
& pRGN7782-R2-aaa.fastqg FASTQ Sequence... 75 9923
=] pRCGN7782-R2-aab.fastg FASTQ Sequence... 75 10000
&) pRGN7782-R2-aac.fastqg FASTQ Sequence... 75 10000

E Contig 1 8909 19459 1 8909



You will get a warning dialog about contigs already having been created;

> Delete existing contigs?.
2 The Project contains contigs from a previous
«.\\ ) assembly. Should these be deleted before running
&— - Velvet? It is recommended that you do delete them to

avoid confusion. If you are trying compare different
assembly parameters, choose Cancel and create a

opyefthe project first.
o Cancel . Yes ]

In this case, we know we are assembling a different pair of files, so we can safely
click the No button as we don’t want to delete Contig 1.

After assembly, we see a new Contig 2 item.

® 006 Untitled — Project
TR B ARG W Mo W Mcar

Add Seqs Add Ref Add Contig Remove Seqs Reset Prefs Phred CrossMatch Phrap Bowtie Velvet Filter
T project | Properties

' Name A | Status Length # ClipL ClipR Start Stop
= UnusedReads.fa Unknown format 75 306
5 UnusedReads.fa Unknown format 75 253
& pRGN7782-R1-aaa.fastg FASTQ Sequence... 75 9923
5] pRGN7782-R1-aab.fastqg FASTQ Sequence... 75 9894
= pRGN7782-R1-aac.fastq FASTQ Sequence... 75 9000
ol pRGN7782-R2-aaa.fastqg FASTQ Sequence... 75 9923
[=] pPRGN7782-R2-aab.fastg FASTQ Sequence... 75 9894
o pRGN7782-R2-aac.fastq FASTQ Sequence... 75 10000
(] ontig 1 8909 19459 1 8909
. 8909 19502 1 8909

Repeat the previous steps to circularize the sequence and save it as pRGN7782-2.

Assembly using SPAdes

For the third set of files we will try using the SPAdes assembler. Select the pair of
...aac fastq files and click on the SPAdes toolbar button.

Note that we are going to use a custom K-MER - type the values 31,41,51,61,71
into the box. The values must be odd and must be separated by commas. You
must also provide at least 3 values. You can add odd values up to 127.

Unlike Velvet, SPAdes does not create alignments, it merely generates a list of
consensus sequences. If you are interested in looking at the actual alignments,
then MacVector offers the option of running a Bowtie alignment on each of the
consensus sequences. This is very useful for visualization, so we will select that

option too.



Read pre-processing

' | Discard reads less than nt

| Trim ends with quality less than
| Trim N's from ends

Discard short reads that contain any N's
SPAdes Options

~ Override coverage cutoff:

Use custom K-MER:

Enter odd values less than

Threads: 7 128 in ascending order,
separated by commas (e.g.
21,33,55).
@ate Alignments Usin@
Threads: 7
Defaults Cancel OK

With such a small data set, SPAdes will still complete in just a few seconds.
However, with larger genomic data sets, this can take several hours.

[ NON J Untitled — Project

n .\ a n - ==

k-lt:lj g ﬂ ﬁ g @ B_' k03 Lsg' t,‘O; \S" @ (., Q Name
Add Reads Add Segs Add Ref Add Contig Remove Reset Prefs Phred CrossMatch Phrap Bowtie SPAdes Velvet Filter

et 2 pIopeRties bectidie T Pl RSO et B e D e s e LG S
Name A Status Length # ClipL ClipR Start

& Unaligned_Reads_3.fq.gz llumina Unpaired 48 240

=] UnusedReads.fa Other 64 1000

& UnusedReads.fa Other 64 1000

=) PRGN7782-R1-aaa.fastq llumina Paired-e... 75 30000

[T PRGN7782-R1-aab.fastq llumina Paired-e... 75 20000

[} PRGN7782-R1-aac.fastq llumina Paired-e... 75 20000

=] pRGN7782-R2-aaa.fastq llumina Paired-e... 75 30000

= PRGN7782-R2-aab.fastq llumina Paired-e... 75 20000

= PRGN7782-R2-aac.fastq llumina Paired-e... 75 20000

3 Contig 1 8909 58789 1 8909
= Contig 2 8900 58630 1 8909
«__NODE 1_length_8930_cov_29.916921 Contig 3 8930 59758 1 8930 =
& NODE_2_length_72_cov_4.000000 Contig 3 72 2 1 72

Note that SPAdes uses a different naming convention for the contigs, calling them
“NODE_x_length_<len>_cov_<coverage>" which MacVector honors in the
display. Again, you can double-click on the longest contig to open up the Contig
Editor window. Note that because Bowtie retains the read names, you can see the
original read names in the assembly.



® [ NODE_1_length_8930_cov_29.916921 Contig 3 — Editor
(@) S { Geh ACGT
[ [¥=] ﬁ b 0 v =i M =8 ACGT

Locked Text View Prefs Replica Translations Width Basecalls Qualities Dots Create

1 Editor J Map ‘ Features ‘ Annotations | Summary
10 o 30 46 50 60 76 80 96
Consensus CCCAGCTGGGACAGGTCGATCCTTGTCTCGTACAGCCCAGTAATGCTCTGGTGGATCAGGGTAGCATCCAGCACCTCCTTAGTGCTTGTG
M03818:33:000000000-AL4P6:1:1103:15555:10943 D/ CCCAGCTGGGACAGGTCGATCCTTGTCTCGTACAGCCCAGTAATGCTCTGGTGGATCAGGGTAGCATCCAGCAC .
M038’ AL4P6:1:1 1 P CCCAGCTGGGACAGGTCGATCCTTGTCTCGTACAGCCCAGTAATGCTCTGGTGGATCAGGGTAGCATCCAGCAC

Mo38 AL4P6:1:1 P/ CCCAGCTGGGACAGGTCGATCCTTGTCTCGTACAGCCCAGTAATGCTCTGGTGGATCAGGGTAGCATCCAGCAC

M03818:33:000000000-AL4P6:1:1103:17227:12514
M03818:33:000000000-AL4P6:1:1102:7940:18889
M038 AL4P6:1:1 19306
M03818:33:000000000-AL4P6:1:1102:27040:19809
M03818:33:000000000-AL4P6:1:1102:7473:21945
M038 AL4P6:1:1102:

M038’ AL4P6:1:1102:
M03818:33:000000000-AL4P6:1:1102:11205:23300
M03818:33:000000000-AL4P6:1:1102:17148:24222
M03818:33:000000000-AL4P6:1:1103:11243:4724

M038’ AL4P6:1:1103: 7
M03818:: AL4P6:1:1
M038 AL4P6:1:1 10753

M03818:33:000000000-AL4P6:1:1102:10760:17174

P! CCCAGCTGGGACAGGTCGATCCTTGTCTCGTACAGCCCAGTAATGCTCTGGTGGATCAGGGTAGCATCCAGCAC
4| CCCAGCTGGGACAGGTCGATCCTTGTCTCGTACAGCCCAGTAATGCTCTGGTGGATCAGGGTAGCATCCAGCACC
4| CCCAGCTGGGACAGGTCGATCCTTGTCTCGTACAGCCCAGTAATGCTCTGGTGGATCAGGGTAGCATCCAGCAC
4| CCCAGCTGGGACAGGTCGATCCTTGTCTCGTACAGCCCAGTAATGCTCTGGTGGATCAGGGTAGCATCCAGCAC
4| CCCAGCTGGGACAGGTCGATCCTTGTCTCGTACAGCCCAGTAATGCTCTGGTGGATCAGGGTAGCATCCAGCAC
4| CCCAGCTGGGACAGGTCGATCCTTGTCTCGTACAGCCCAGTAATGCTCTGGTGGATCAGGGTAGCATCCAGCAC
4| CCCAGCTGGGACAGGTCGATCCTTGTCTCGTACAGCCCAGTAATGCTCTGGTGGATCAGGGTAGCATCCAGCAC
4| CCCAGCTGGGACAGGTCGATCCTTGTCTCGTACAGCCCAGTAA

4| CCCAGCTGGGACAGGTCGATCCTTGTCTCGTACAGCCCAGTAATGCTCTGGTGGATCAGGGTAGCATCCAGCAC
4| CCCAGCTGGGACAGGTCGATCCTTGTCTCGTACAGCCCAGTAATGCTCTGGTGGATCAGGGTAGCATCC

4| CCCAGCTGGGACAGGTCGATCCTTGTCTCGTACAGCCCAGTAA

4| CCCAGCTGGGACAGGTCGATCCTTGTCTCGTACAGCCCAGTAATGCTCTGGTGGATCAGGGTAGCATCCAGCAC
4| CCCAGCTGGGACAGGTCGATCCTTGTCTCGTACAGCCCAGTAATGCTCTGGTGGATCAGGGTAGCATCCAGCAC
4| CCCAGCTGGGACAGGTCGATCCTTGTCTCGTACAGCCCAGTAATGCTCTGGTGGATCAGGGTAGCATCCAGCAC

M03818:33:000000000-AL4P6:1:1102:12849:18656 4| CCCAGCTGGGACAGGTCGATCCTTGTCTCGTACAGCCCAGTAATGCTCTGGTGGATCAGGGTAGCATCCAGCACC
Mo38 AL4P6:1:1102: 4| CCCAGCTGGGACAGGTCGATCCTTGTCTCGTACAGCCCAGTAATGCTCTGGTGGATCAGGGTAGCATCCAGC
M03818:33:000000000-AL4P6:1:1102:14596:22106 4| CCCAGCTGGGACAGGTCGATCCTTGTCTCGTACAGCCCAGTAATGCTCTGGTGGATCAGGGTAGCATCCAGCACC

| CCCAGCTRGRACAGETCGATCCTTATOTCRTACAGECCAGTAATACTCTARTERATCAGRETAGCATCCAGCACT

M038’ AL4P6:1:1102:

MN2212.22.ANNNANNAN_AT ADR-1-1102.0112.2108 4

Again, you can right-click in the Editor tab to see if the contig can be circularized.
In this case we have a 71 nt overlap. Create the new circular sequence and save it
as pRGN7782-3.

Confirming the Correct Sequence using Three Contigs

So, now we have our three circular contig sequences, each generated from a
different set of input reads. However, before we can compare them to make sure
they are identical, there are two additional factors to consider;

(a) Orientation — contigs can be created in one of two orientations. We need to
make sure that all three are in the same orientation before we can do the
comparison.

(b) Circular Origin. - the assemblers essentially choose a random location for
the start of the assembly. Thus, when we circularize, the contigs are likely to
be “split” in a different location. We need a way to ensure they are all split at
the same point.

Determining Orientation

The easiest way to determine orientation is to use MacVector’s dotplot analysis

function. Close all open windows except for the three circular plasmids, plasmid-
1,-2 and -3. Choose Analyze | Create Dot Plot | Pustell DNA Matrix, select plasmid-
1 in the left column and plasmid-2 in the right. Set the Minimum % Score to 95;



PRGN7782-1.nucl PRGN7782-1.nucl

pRGN7782-2.nucl pRGN7782-2.nucl
pRGN7782-3.nucl pRGN7782-3.nucl
X Region Y Region
1 to 8859 K3 1 to 8859 K3
Options
Set Scoring Matrix... # DNA database matrix.nmat o)

Window Size: Hash Value: 8 [T

inimum % Score: Strand: Both &

Jump: 1 [T

Defaults Cancel OK

Run the analysis and take a look at the Matrix Plot result tab;
[ o # PRGN7782-1.nucl — Results
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In this plot (your results may vary) there are two diagonal lines of identity.
Because the plots are blue and travel from lower left to upper right, this indicates
that this is an inverted match i.e. the two contigs are in different orientations. The
fact that there are two lines, indicates that they have different circular origins.

Repeat the dot plot with the other two combinations — 1 vs 3 and 2 vs 3;



% PRGN7782-2.nucl — Results

In this case, 1 vs 3 (left) indicates that -1 and -3 are also in the opposite
orientation, but 2 vs 3 (right) are in the same orientation as indicated by the black
plots travelling from top left to bottom right.

The easiest thing to do is “flip” the orientation of plasmid-1 so that it matches the
other two. To do this, simply bring that plasmid to the front, use Edit | Select All to
select the entire sequence, then choose Edit | Reverse & Complement to “flip the
sequence. Don’t forget to save it!

Changing Circular Origin

If we look at the Map tab of pRGN7782-1, the unique restriction enzymes are
easily identifiable as they appear in red;
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In this case, there is a unique EcoRI site at (6286). Let’s make this the new
circular origin. Click on the site to select it, then right-click (or <ctrl>-click) to
view the context-sensitive menu;
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Choose the Set Circular Origin item and the Map refreshes to show the plasmid
rotated with the EcoRI site now at the 12 o’clock position.
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Save the file and repeat with the EcoRI sites in pRGN7782-2 and pRGN7782-3.

Confirm Identity using Multiple Sequence Alignment

With the three rotated plasmid sequences open, choose Analyze | Align Multiple
Sequences Using | ClustalW;
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Make sure you have all three plasmids selected, then click OK. After the
alignment has completed you should have a window like this;
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You can scroll through the alignment if you wish, looking for any mismatches,
but the most useful tabs from this perspective are the Pairwise tab and the Matrix
tab. The Pairwise tab shows each sequence aligned with each other sequence. The
header for each alignment lists the gaps and identities between the pair of
sequences;



1. pRGN7782-1 vs. pRGN7782-2

Aligned Length = 8859 Gaps = 0
Identities = 8859 (100%)

pRGN7782-1 1 AATTCAAAAAAAGCACCGACTCGGTGCCACTTTTTCAAGTTGATAACGGACTAGCCTTAT 60
pRGN7782-2 1 AATTCAAAAAAAGCACCGACTCGGTGCCACTTTTTCAAGTTGATAACGGACTAGCCTTAT 60

% % %k %k %k % K K K K K K K %k %k %k %k k 3k k k %k %k %k % % %k % %k %K %k XK %k %k %k %k %k % % % % % % % % % % %k %k Xk K ¥ K ¥ K K % %k %k %k

pRGN7782-1 61 TTTAACTTGCTATTTCTAGCTCTAAAACCCCTGTCTGCAACTAGCTCAGTGGTCTCATAC 120
pRGN7782-2 61 TTTAACTTGCTATTTCTAGCTCTAAAACCCCTGTCTGCAACTAGCTCAGTGGTCTCATAC 120

% %k %k %k %k K K K K K K K K %k ok %k ok ok k kK K %k %k K K K Kk K % K % K Xk %k %k 3k ok k kK K %k ok K kK K K K K K XK K XK XK K K K XK X

nRGN7782 -1 121 AGAACTTATAAGATTCCCAAATCCAAAGACATTTCACGTTTATGGTGATTTCCCAGAACA 180

Here it’s clear that plasmid-1 and plasmid-2 are identical with no gaps.

The Matrix tab simple summarizes the combinations of pairwise alignments;

A L A Vi z
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pRGN7782-3 100.0 100.0 100.0

** Similarity Scores (%) **
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Here we can clearly see that all three plasmids share 100% identity with each
other. With this confirmation of the sequence from three different sets of reads,
we can be extremely confident that we have accurately determined the sequence
of our plasmid.



