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Multiplex IDs with BWA, GSNAP, and
Velvet

Multiplex ID is a method for maximizing the use of sequencing reagents and reducing costs by sequencing a
number of different samples at the sume time. Each sample is tagged with a unique DNA identifier (barcode) so
that after the sequencing run, the reads for that sample can be separated from other reads. This process is called
de-multiplexing or binning. Sequencher includes the necessary tools not only to perform this separation so
that the reads are placed in separate files according to their barcode but also to run each file using the algorithm
you have chosen. GSNAP is only supported on 64-hit operating systems.

Asourt FiLE FORMATS

As with regular alignment or assembly, your reads may be in FastQ or FastA format. As you are working with
Next-Generation data, you don't need any reads to be imported into Sequencher; instead, you tell
Sequencher where to find the files it needs.

You will also need to create a barcode file using a simple text editor. Each line should contain a single barcode
name and barcode sequence separated by a tab.

ALiGNING MurtipLEX ID Data witH GSNAP

Launch Sequencher.
Set the Assembly Mode to Multiplex ID.

ameter ¥ Standard - | Assemble A
Assemble by Name Fo placenant

RiSize

{Dirt

Go to the File menu and select Open Project...

Navigate to the Sample Data folder inside the Sequencher application folder and choose the
project called Multiplex ID.SPF.

Click on the Open button.

The Sequencher project opens and contains a single reference sequence called NC_012920. This sequence is
the complete human mitochondrion genome.

Select the NC_012920 sequence in the Project Window.
Go fo the Assemble menu and select Align Data Files To Ref Using>GSNAP...
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The Align Using GSNAP with MID and External Data Browser dialogs appear. The
External Data Browser dialog is where you will go fo monitor the progress/status of the assembly. In
the Align Using GSNAP with MID dialog, the name of the selected sequence appears in the Current
reference seq or db menu.

Align Using GSNAP with MID

Input Data Files
NC_012920 5| Current reference seq or db
Select Reads File 1 Required
Select Reads File 2 Optional
Sanger Standard 3 | - FASTQ Encoding
Select Barcodes File | Required

Click on the Select Reads File 1 button.

Navigate to the Sample Data folder inside the Sequencher application folder, then to the
Multiplex ID Data folder.

Choose MID-Reads1.fasta and dick on the Open button.

Click on the Select Reads File 2 button.

The file picker will automatically take you to the last location you chose.
Choose MID-Reads2.fasta and dick on the Open button.

Now click on the Select Barcodes File button.

The file picker will automatically take you to the last location you chose.
Choose MID-list.txt and dlick on the Open button.

Now click on the Align button.

You can follow the progress of your analysis on the Aligning MID Data with GSNAP dialog. The top
part of the dialog shows you the progress of separating your reads into their different files. The lower part of the
dialog contains a status table that shows the progress of alignment for each sample. It also shows how many
reads are in each file and what this represents in terms of the overall number of reads. A status column will show
whether a file is in the process of being aligned or whether alignment has been completed. Once the run is
complete, the Report and Close buttons will become enabled.
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Aligning MID Data with GSNAP

Processing of 10 bins completed.
Cancel
MID Name # Read Pairs 9% Read Pairs Status Log File
BC6 875 B.75% | Completed | Open BCGE log file
BC1 878 B.78% | Completed | Open BC1 log file
BCB 876 B8.76% Completed 0Open BCB log file
BC3 882 8.82% Completed Open BC3 log file
BCS 857 B8.57% Completed Open BCS log file
BC2 879 B8.79% Completed Open BCZ2 log file
BC7 880 8.80% Completed Open BC7 log file
BC4 889 8.89% Completed Open BC4 log file
BCS 876 B8.76% Completed 0Open BCOY log file
BC10 884 8.84% Completed Open BC10 log file
Report [ Close

REVIEWING LoG FiLE
The final column in the status table lists the log files for each file.

Click on one of the log file links to open the log file.

The log file contains details on the alignment run. Note that the top of the file contains details of the run including
the sequence of the barcode for this particular run.

|Star-t time: 2015-Nov-18 12:18:48

Using GSNAP version "2015-09-29".

Reference Sequence: NC_012920

Original reads file(s):

Reads file 1: /Applications/Sequencher 5.4.1/Sample Data/Multiplex ID Data/MID-Readsl.fasta
Reads file 2: /Applications/Sequencher 5.4.1/Sample Data/Multiplex ID Data/MID-Reads2.fasta
Intermediate reads file(s):

Reads file 1: /var/folders/xg/h3t9pwjs43179wmxgqrowjmre@d@gn/T/Bins21f0a2946727fa86/1/BC6. fa
Reads file 2: /var/folders/xg/h3t9pwjs43179wmxgqréwjmre@d@gn/T/Bins21f0a2946727fa86/2/BC6. fa
Quality encoding: Sanger Standard

Additional analysis: Standard alignment

Unaligned reads option: No unaligned reads

Insert threshold: 1@

MID: BC6

Barcode: TCAGATATCGCGAG

Start time: 2012-0ct-02 11:32:00

Using GSNAP version "2011-03-28".

Reference Sequence: NC_012920

Reads Filel: /Applications/Sequencher 5.1/Sample Data/Multiplex ID Data/MID-Readsl.fasta
Reads File2: /Applications/Sequencher 5.1/Sample Data/Multiplex ID Data/MID-Reads2.fasta
MID: BC6 Barcode: TCAGATATCGCGAG

Close the log file when done looking at it.
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Note how many results are returned to Sequencher’s Project Window. Each result is a contig
containing the reference sequence and the consensus of a contig created by the alignment.

You can also monitor the progress of your assembly using the External Data Browser dialog. You can

watch as the Log File pane updates. Notice that, once your alignment is complete, the status field updates to
SUCCESS.

00 Sequeniher External Data Browser

Open Run Folders  View Using Tablet  Open Log Files Delete Runs Filter: DNA-Seq y RNA-Seq y MSA

31 Runs Date Algorithm Size Final Run Status Notes Preview
i e Mo i oo 10 e e
Run0£fba215492%eb35e | 4/13/16 8:40 AM GSNAP 91.45 KB NC_012920 reference seque..
Run564£5e50b714cb5e | 4/13/16 8:40 AM GSNAP 90.48 KB SUCCESS NC_012920 reference seque...
Run75d9b41683b5176e | 4/13/16 8:39 AM GSNAP 91.52 KB SUCCESS NC_012920 reference seque...
Run70c47%6ceebd6e23 | 4/13/16 8:38 AM GSNAP 91.50 KB SUCCESS NC_012920 reference seque...

r/GSNAP/Run3bed9c193bd9255¢c4/out.bam /Users/Maggie/Documents/

rools™ index /Users/Maggie/Deocuments/Gene Codes/Sequench

COMPLETED §

Refresh Close

Auto Refresh On

PRINTING MULTIPLEX STATUS REPORT

To write out the status information contained in the Aligning MID Data with GSNAP dialog, do the
following:

Click on the Report button at the bottom of the dialog.

This creates a preview window called Sequencher Multiplex Status Report that will contain the
same information as the status table but also includes added information such as the date of the run and the
location of the data files. This window has a button bar across the top. From this button bar, you can save the
report as PDF, change the Page Setup, and Print the status report.
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e O O Sequencher Multiplex Status Report )

| Print... | | PrintPreview | | Save as PDF... | | PageSetup... | | Close |

M Multiplex Status Report

For research purposes only. Not intended for clinical use.

Project Name: Multiplex I1D.SPF

Date: November 18, 2015

Muiltiplex Reads Filel: [Applications/Sequencher 5.4.1/Sample Data/Multiplex ID Data/MID-Reads]1.fasta
Multiplex Reads File2: /Applications/Sequencher 5.4.1/Sample Data/Multiplex ID Data/MID-Reads2.fasta

Barcodes File: /Applications /Sequencher 5.4.1/Sample Data/Multiplex ID Data/MID-list.txt

Final status: Processing of 10 bins completed.

MID Name | # Read Pairs | % Read Pairs | Status Log File

BC6& 875 8.75% | Completed | /Users/gaadmin/Documents/Gene Codes/Sequencher/GSNAP/Runae3b0b2422d3c09d/GSNAP.log
BC1 878 8.78% | Completed | /Users/gaadmin/Documents/Gene Codes/Sequencher/CGSNAP/Run7409a99e16d93db7/GSNAP.log
BC8 876 8.76% | Completed | /Users/gaadmin/Documents/Gene Codes/Sequencher/CSNAP/Run75a7779d4a5245%2e/CSNAP.log
BC3 882 8.82% | Completed | /Users/gaadmin/Documents/Gene Codes/Sequencher/CSNAP/Runt75f4f2e2c49c56d /GSNAP.log
BCS 857 8.57% | Completed | /Users/gaadmin/Documents/Gene Codes/Sequencher/CSNAP/Run569556fc3t6a330b/CSNAP.log
BC2 879 8.79% | Completed | /Users/gaadmin/Documents/Gene Codes/Sequencher/CSNAP/Runf9ad7abb46592612/CSNAP.log
BC7 880 8.80% | Completed | /Users/gaadmin/Documents/Gene Codes/Sequencher/CGSNAP/Runc0f98200542d8262/GSNAP.log
BC4 889 8.89% | Completed | /Users/gaadmin/Documents/Gene Codes/Sequencher/CGSNAP/Rund243dc481eela2a5/CSNAP.log
BC9 876 8.76% | Completed | /Users/gaadmin/Documents/Gene Codes/Sequencher/CSNAP/Run67c8ed4057d3e912/CSNAP.log
BC10 884 8.84% | Completed | /Users/gaadmin/Documents/Gene Codes/Sequencher/GSNAP/Runld4acSe0e6b422d69/CSNAP.log
BC11 0 0.00% | No Reads

- 1,223 12.23% | Unmatched

Geoene Codes Corporation

Report generated by Sequencher®: The complete software solution for sequencing DNA.
GENE POrt ge q ing
M C ODES

* (lose the status report window.
* (lose the Aligning MID Data with GSNAP dialog.

REVIEWING YOUR RESULTS IN TABLET
If you want to review your data in Tablet, click on an item of interest in the Project Window.

* Go to the Contig menu.
¢ (hoose Show NGS Data Using>Tablet.

Tablet will launch and load your data and reference sequence automatically. On the left-hand side of the
Tablet window, you will see a list of contig(s).

* (lick once on the contig of choice (there may only be one).

* The reads will load and appear on the right-hand side of the window.
« Loom in and out using the slider at the top of the window (top blue oval).

Gene Codes Corporation ©2017  Multiplex IDs with BWA, GSNAP, and Velvet p.7of 18



e 00 alignment.sam - Tablet - 1.12.09.03

@ J [d NC_012920 | consensus length: 16,569 (16,569) | reads: 1,686 | features: 1 Memory usage: 73.68 MB (10)

v‘ Home } Color Schemes Advanced (7]
v = y Read Packing yel Zoom: J— E i f:
= Tag Variants || Variants: (= L 2le 4 .
Open Import Import »
Assembly Features Enzymes @ (Read Colors
Data [ Visual Adjust Navigate | Overlays
@ <
: | Q) =" II“ J Il I ‘
Contigs: 1 1,686 total reads
1to 16,569 (16.6 Kb) 9, 997 to 10,042 (46 bpl

Contig Length Reads Feat... | Mis..

MR SN SN NN NN EEN N TEN SEE SSS—
Tl Tl A GHTH ALTH Al Al ALTE Al GETE AL clcl ol Tl TE Al Al clTl Tl clclalAlTHTE Al Al il Al d’].‘.’dA uA
acan-o

Click on contig fum— == T ]

t
,011 U10,011 CV20

9,997 U9,997 10 10,041 U10,041

.............................................

T T|A|G T A T|/A A A T|AG T AC|IC|G T T AJA C T T|C|C A AT|T A ACIT|AGT T|T T G A|C|A

T T|A|G T A T|A A A T|(AG T ACICGT T|AACT T|C CAAT T A A TOA[G|TIT T|(T|G A C|A

TIT AlG T AT AlAATIAlGT AlCc G T T AAlCITITICCAATTAACTIAGT T T T GACA

T C A G T A T A A AT AG T A T T A A C T T C C A AT T AAGCT AGT T T TG A C A

T T Al G T] Al T] Al AJ Al T] Al G T] AJ €1 CJ Gl T T AT AJ €I T T Cl €1 Al A TI T AT AT G T Aj GGl T T T0 Gl Al € A

T T A|G T A T|[A Alalclalc T A 3 AlG T|T|T T G A|lC|A

T T A G T AT A T A G T A NC_012920_1136_1688_0_1_0_0_1:0:0_1:0:0_288/1 Alcl Tl Tl Tl TGl Al cla

T T A G T A T A A From: 9,986 U9,986 to 10,055 U10,055 A G T T T T G A C A

T T A G T AT/ Al AlA Length: 70 U70 AG T|T|T T G AlC|lA

T T A G T A T A A A TIAIGIT A 1 WA G T T T T G G C A

T T A G T A T A A AT A G T A Cigar: 70M A G T TIT|T G| GicC|A

T T A G T A T AA AT A G T A Properly paired (1/2), insert size: 622 A G T T T T G A C A

T T|A|G T A T|A A A T|AIG T A WA G|T|T T T/6|/Aal C A

T T A G T AT/ AAATAGT A o 4 AG T|T|T T G AlcC|lA

L rHPAlA G TIAIT A AATIAIGT AT 1 alciTiTiT 1lc alc a

Variant T.TIA G T GIT A A AT A G T A A G T T T|,T G A C A

TIAIT A/A AT A G| T A o TiTiaAlAlciTiTi[lcl cI AT Al TU TI AT AT €I T A G|TIT T T|G|lAalC A

Ty ALALTIAT Gl T AT (NC_012920_1136_1688_0_1 0_0_1:0:0_1:0:0 288/1 (Mate) | 4 & T T T T G A ¢ A

From: 10,538 U10,538 to 10,607 U10,607 T T T G A C A

Reads Length: 70 U70 TIT T|G A C A

TIT | G|lAlC A

(P:'g‘" \70M d (2/2) 622 waaal

§ < roperly paired (2/2), insert size: - Alcla

Filter by: | Name v Summary /—HV

information [ ]

(lick on Read Colors (lower blue oval).
Choose a class of Read Colors from the drop-down menu.

You will see a list of read classes in the drop-down menu such as Nucleotide which colors the individual bases
such that all A's will be in one color and all T's will be in a different color and so on. Choosing Direction shows
the direction of each read with coloring of the forward reads in one color and coloring of the reverse reads in a
different color. Read Group refers to paired-end reads and Variants highlights any variants. In more
recent versions of Tablet, you can customize the colors for these different classes. The view in the image above
includes customized colors (pink backgrounds indicate variant bases).

(lose the Tablet viewer.

REVIEWING IN SEQUENCHER

Since you have aligned your data against the same reference sequence, you can use the Variance Table to
review the number of differences between samples.

Select the contigs you wish fo review.
Choose the Contig menu and select Compare Consensus to Reference.

AVariance Table is generated and with it you can compare the position and number of variants between
each contig and the reference sequence.
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Review J [ Refresh ‘ \ Reports J ‘ Options ‘ \ Comparison Range Translation

Description: 10 consensus sequences compared to Reference
NC_012920.

Comparison Range: Unfiltered

Base Positions: 1..16569

Reference BC1 ... BC10... BC2 ... HE e Total
8,869 M
9,061
9,261
9,361
9,523
9,527
9,615
9,631
9,634
10,271
10,664
10,739
11,353

+ Total 3 | 3 4 5 37

R

OO0 d dlold ) 2|0

= | = | = | =2 | =2 | =2 | =2 | =2 | = | = | = | = | =

=

(lose the Variance Table window.

AssemBLING MuLTiPLEX ID DATA WiTH VELVET

Launch Sequencher if it is not already open.
Set the Assembly Mode to Multiplex ID if it is not already.

ameter ¥ Standard % | | Assemble A

(Dirt Assemble by Name Fo placenant

RiSize

Go to the Assemble menu and select Assemble Data Files Using>Velvet...

The Assemble Using Velvet with MID dialog will appear along with the External Data
Browser dialog if it is not already open. Now make changes to Velvet’s settings as follows:

Change the Hash Length to 17.

Click on the button called Advanced (Edit).

Click on the checkbox for —~ins_length (insert length between paired-end reads) and set its value to
675.

Click on the OK button.
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Assemble Using Velvet with MID

Input Data Files
Select Reads File 1 Required
Select Reads File 2 Optional
Select Barcodes File | Required

Options - velveth Options - velvetg

Hash Length (odd integer) Advanced (Edit)

strand_specific

Current Results Folder
/Users/qaadmin/Documents/Gene Codes/Sequencher/Velvet

Restore Defaults Cancel Assemble

Click on the Select Reads File 1 button.

Navigate to the Sample Data folder inside the Sequencher application folder, then to the
Multiplex ID Data folder.

Choose MID-Reads1.fasta and dick on the Open button.

(lick on the Select Reads File 2 hutton. The file picker will automatically take you to the last
location you chose.

Choose MID-Reads2.fasta and dick on the Open button.

Now click on the Select Barcodes File button.

The file picker will automatically take you to the last location you chose.

Choose MID-list.txt and dlick on the Open button.

Finally, start the assembly process.
Click on the Assemble bution.

You can follow the progress of your assembly on the Assembling MID Data with Velvet dialog. The
top part of the dialog shows you the progress of separating your reads into their different files. The lower part of
the dialog shows the progress of the assembly for each barcode. It also shows how many reads are in each file
and what this represents in terms of the overall number of reads. A status column will show whether a file is in
the process of being assembled or whether assembly has been completed. Once the run is complete, the Report
and Close buttons will become enabled.
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Assembling MID Data with Velvet

Processing of 10 bins completed.

Cance
MID Name # Read Pairs % Read Pairs Status Log File
BC6 875 B.75%  Completed Open BC6 log file
BC1 878 B8.78% | Completed | Open BC1 log file
BCB 876 B8.76% | Completed | Open BCB log file
BC3 882 8.82% | Completed | Open BC3 log file
BCS 857 8.57%  Completed ' Open BCS log file
BC2 879 B.79% Completed  Open BC2 log file
BC7 880 8.80% | Completed ' Open BC7 log file
BC4 889 8.89% | Completed ' Open BC4 log file
BCY9 876 B.76% | Completed | Open BCO log file
BC10 884 8.84% | Completed | Open BC10 log file
Report Close

REVIEWING LoG FiLE
The final column in the status lists the log files for each file.

Click on a link to open a log file.

The log file contains details on the assembly run. Note that the top of the file contains details of the run including
the sequence of the barcode for this particular run.

|Start time: 2015-Nov-18 12:45:20

Using "Velvet" version "(1.2.10)
Original reads file(s):

"

Reads file 1: /Applications/Sequencher 5.4.1/Sample Data/Multiplex ID Data/MID-Readsl.fasta
Reads file 2: /Applications/Sequencher 5.4.1/Sample Data/Multiplex ID Data/MID-ReadsZ2.fasta

Intermediate reads file(s):

Reads file 1: /var/folders/xg/h3t9pwjs43179wmxgqréowjmré@d@gn/T/Bins6@3d5d7db4b91fal/1/B(6. fa
Reads file 2: /var/folders/xg/h3t9pwjs43179wmxgqréwjmré@d@gn/T/Bins6@3d5d7db4b91fal/2/BC6.fa

Reads file 1 is paired: No
Hash length: 35

Strand specific: No

MID: BC6

Barcode: TCAGATATCGCGAG

Close the log file when done looking at it.

You can also monitor the progress of your assembly using the External Data Browser dialog. You can
watch as the Log File pane updates. Nofice that, once your alignment is complete, the status field updates to
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PRINTING STATUS REPORT

To write out the status information contained in the Assembling MID Data with Velvet dialog, do the
following:

Click on the Report button at the bottom of the dialog.
This creates a preview window called Sequencher Multiplex Status Report that will contain the
same information as the status table. This window has a button bar across the top. From this button bar, you can

save the report as PDF, change the Page Setup settings, and Print the status report.

e OO0 Sequencher Multiplex Status Report e

| Print... | | PrintPreview | | SaveasPDF.. | | PageSetup... | | Close |

M Multiplex Status Report

For research purposes only. Not intended for clinical use.

Project Name: Multiplex 1D.SPF

Date: November 18, 2015

Muitiplex Reads Filel: /Applications/Sequencher 5.4.1/Sample Data/Multiplex ID Data/MID-Reads1.fasta
Multiplex Reads File2: /Applications/Sequencher 5.4.1/Sample Data/Multiplex ID Data/MID-Reads2.fasta

Barcodes File: /Applications/Sequencher 5.4.1/Sample Data/Multiplex ID Data/MID-list.txt

Final status: Processing of 10 bins completed.

MID Name | # Read Pairs | % Read Pairs | Status Log File

BC6 875 8.75% | Completed | /Users/gaadmin/Documents/Gene Codes/Sequencher/Velvet/Run495i8664e335087a/Velvet.log
BC1 878 8.78% | Completed | /Users/gaadmin/Documents/Gene Codes/Sequencher/Velvet/Run6e8f74d25d5¢9255/Velvet.log
BC8 876 8.76% | Completed | /Users/gaadmin/Documents/Gene Codes/Sequencher/Velvet/Rund7dafb2d86a5a21a/Velvet.log
BC3 882 8.82% | Completed | /Users/gaadmin/Documents/Gene Codes/Sequencher/Velvet/Run709t12677ef31fb3/Velvet.log

BCS 857 8.57% | Completed | /Users/gaadmin/Documents/Gene Codes/Sequencher/Velvet/Run8491df9e127c8888/Velvet.log
BC2 879 8.79% | Completed | /Users/gaadmin/Documents/Gene Codes/Sequencher/Velvet/Runc44d7b3626a54i0b/Velvet.log
BC7 880 8.80% | Completed | /Users/gaadmin/Documents/Gene Codes/Sequencher/Velvet/Run07dadee636757eef/Velvet.log

BC4 889 8.89% | Completed | /Users/qaadmin/Documents/Gene Codes/Sequencher/Velvet/Run511b1153cea06d9d/Velvet.log
BC9 876 8.76% | Completed | /Users/gaadmin/Documents/Gene Codes/Sequencher/Velvet/Rune9id346293823e96/Velvet.log
BC10 884 8.84% | Completed | /Users/gaadmin/Documents/Gene Codes/Sequencher/Velvet/Run839b0525b37e6878/Velvet.log
BC11 0 0.00% | No Reads

- 1,223 12.23% | Unmatched

Gene Codes Corporation

Report generated by Sequencher®: The complete software solution for sequencing DNA.
GENE port ge Y Sequ s 7 g
CODES

Close the status report window.
(lose the Assembling MID Data with Velvet dialog.

REVIEWING YOUR RESULTS IN TABLET

The results of the assembly are returned to your Project Window as a series of consensus sequences (if any
are created). You can sort the results by clicking the header of any column. One column that is particularly useful
to sort on is the MID column that will group together the results from each barcode file.

If you want to review your data in Tablet for a consensus sequence belonging to a barcode group you are
interested in, then do the following:

Click on a consensus sequence belonging to the barcode group you are interested in.
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* Go to the Contig menu.
*  (hoose Show NGS Data Using>Tablet.

Tablet will launch and load all the data belonging to the barcode group. On the left-hand side of the Tablet
window, you will see a list of contig(s).

* (lick once on the contig of choice.
*  The reads will load and appear on the right-hand side of the window.
« Loom in and out using the slider at the top of the window.

P

1-0 | consensus length: 5,559 (5,559) | reads: 1,589 | features: 0 Memory usage: 72.62 MB (10)
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Variant
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¢ (lick on Read Colors.
¢ (hoose a class of Read Colors from the drop-down menu.

You will see a list of read classes in the drop-down menu such as Nucleotide which colors the individual bases
such that all A's will be in one color and all T's will be in a different color and so on. Choosing Direction shows
the direction of each read with coloring of the forward reads in one color and coloring of the reverse reads in a
different color. Read Group refers to paired-end reads and Variants highlights any variants. In more
recent versions of Tablet, you can customize the colors for these different classes. The view in the image above
includes customized colors (pink backgrounds indicate variant bases).

* (lose the Tablet viewer when done.
* (lose the project without saving and exit Sequencher if desired.

ALIGNING MurtipLEX ID Data with BWA-MEM
*  launch Sequencher.
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Set the Assembly Mode to Multiplex ID if it is not already.

ameter ¥ Standard - |Assemble A

(Dirt Assemble by Name Fo placenant

ize

Go to the File menu and select Open Project...

Navigate to the Sample Data folder inside the Sequencher application folder and choose the
project called Multiplex ID.SPF.

Click on the Open button.

The Sequencher project opens and contains a single reference sequence called NC_012920. This sequence is
the complete human mitochondrion genome.

Select the NC_012920 sequence in the Project Window.
Go fo the Assemble menu and select Align Data Files To Ref Using>BWA-MEM...

The following dialog appears along with the External Data Browser dialog if it is not already opened:

Align Using BWA-MEM with MID

Input Data Files
NC_012920 + | Current reference seq or index
Select Reads File 1 | Required
Select Reads File 2 Optional
Select Barcodes File | Required

Click on the Select Reads File 1 button.

Navigate to the Sample Data folder inside the Sequencher application folder, then to the
Multiplex ID Data folder.

Choose MID-Reads1.fasta and dick on the Open button.

Click on the Select Reads File 2 button.

The file picker will automatically take you to the last location you chose.
Choose MID-Reads2.fasta and dick on the Open button.

Now click on the Select Barcodes File button.

The file picker will automatically take you to the last location you chose.
Choose MID-list.txt and dlick on the Open button.

Now click on the Align button.

You can follow the progress of your analysis on the Aligning MID Data with BWA-MEM dialog. The
top part of the dialog shows you the progress of separating your reads into their different files. The lower part of
the dialog contains a status table that shows the progress of alignment for each sample. It also shows how many
reads are in each file and what this represents in terms of the overall number of reads. A status column will show
whether a file is in the process of being aligned or whether alignment has been completed. Once the run is
complete, the Report and Close buttons will become enabled.
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Aligning MID Data with BWA-MEM

Processing of 10 bins completed.

Cance
MID Name # Read Pairs % Read Pairs Status Log File
BC6 875 B8.75% Completed  Open BCE log file
BC1 878 B8.78% | Completed | Open BC1 log file
BCB B76 B8.76% | Completed | Open BCB log file
BC3 B8B2 8.82% Completed  Open BC3 log file
BCS 857 B8.57% Completed ' Open BCS log file
BC2 879 8.79% Completed | Open BC2 log file
BC7 880 8.80% Completed | Open BC7 log file
BC4 889 8.89% Completed | Open BC4 log file
BCY9 876 B.76% Completed | Open BCY log file
BC10 884 8.84% Completed Open BC10 log file
Report Close

REVIEWING LoG FiLE
The final column in the status table lists the log files for each file.

Click on one of the log file links to open the log file.

The log file contains details on the alignment run. Note that the top of the file contains details of the run including

the seq

vence of the barcode for this particular run.

|Start time: 2015-Nov-18 13:07:09

Using BWA version "0.7.12-r1039".

Reference Sequence: NC_012920

Original reads file(s):

Reads file 1: /Applications/Sequencher 5.4.1/Sample Data/Multiplex ID Data/MID-Readsl.fasta
Reads file 2: /Applications/Sequencher 5.4.1/Sample Data/Multiplex ID Data/MID-Reads2.fasta
Intermediate reads file(s):

Reads file 1: /var/folders/xg/h3t9pwjs43179wmxgqréwjmré@edgn/T/Bins756c65831c8blc7d/1/BC6.fa
Reads file 2: /var/folders/xg/h3t9pwjs43179wmxgqrowjmré@0dgn/T/Bins756c65831c8blc7d/2/BC6.fa
Match score: 1

Mismatch penalty: 4

Gap open penalty: 6

Gap extension penalty: 1

Insert filter: 10

MID: BC6

Barcode: TCAGATATCGCGAG

Close the log file when done looking at it.

You can also monitor the progress of your assembly using the External Data Browser dialog. You can
watch as the Log File pane updates. Nofice that, once your alignment is complete, the status field updates to
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PRINTING MULTIPLEX STATUS REPORT

To write out the status information contained in the Aligning MID Data with BWA-MEM dialog, do
the following:

Click on the Report button at the bottom of the dialog.

This creates a preview window called Sequencher Multiplex Status Report that will contain the
same information as the status table but also includes added information such as the date of the run and the
location of the data files. This window has a button bar across the top. From this button bar, you can save the
report as PDF, change the Page Setup settings, and Print the status report.

e 00 Sequencher Multiplex Status Report e

| Print... | Print Preview | Save as PDF... | Page Setup... | Close |

M Multiplex Status Report

For research purposes only. Not intended for clinical use.

Project Name: Multiplex 1D.SPF
Date: November 18, 2015
Muitiplex Reads Filel: /Applications/Sequencher 5.4.1/Sample Data/Multiplex ID Data/MID-Reads1.fasta
Multiplex Reads File2: /Applications/Sequencher 5.4.1/Sample Data/Multiplex ID Data/MID-Reads2.fasta
Barcodes File: /Applications /Sequencher 5.4.1/Sample Data/Multiplex ID Data/MID-list.txt
Final status: Processing of 10 bins completed.
MID Name | # Read Pairs | % Read Pairs | Status Log File
BC6 875 8.75% | C /Users/gaadmin/Documents/Gene Codes/Sequencher/BWA/Run1829d1996dd9df39/BWA.log
BC1 878 8.78% | C /Users/gaadmin/Documents/Gene Codes/Sequencher/BWA/Run8123db122f030040/BWA.log
BC8 876 8.76% | C /Users/gaad /Documents/Gene Codes/Sequencher/BWA/Runf854d806370663f6/BWA.log
BC3 882 8.82% | C /Users/q; /Documents/Gene Codes/Sequencher/BWA/Runb3a2a366315b53¢5/BWA.log
BCS 857 8.57% | Ce /Users/q; in/Documents/Gene Codes/Sequencher/BWA/Rune700241f310d9581/BWA.log
BC2 879 8.79% | Ce /Users/gaadmin/Documents/Gene Codes/Sequencher/BWA/Run320e003d0bi7c81d/BWA.log
BC7 880 8.80% | Ci /Users/gaadmin/Documents/Gene Codes/Sequencher/BWA/Rund465159t844f324¢/BWA.log
BC4 889 8.89% | C /Users/qaadmin/Documents/Gene Codes/Sequencher/BWA/Run38558c841196d880/BWA.log
BC9 876 8.76% | C /Users/qaad /Documents/Gene Codes/Sequencher/BWA/Run0f287de3b17e33¢5/BWA.log
BC10 884 8.84% | C /Users/gaad /Documents/Gene Codes/Sequencher/BWA/Runlfe3f5b3cac95805/BWA.log
BC11 0 0.00% | No Reads
- 1,223 12.23% | Unmatched

Gene Codes Corporation

Report generated by Sequencher®: The complete software solution for sequencing DNA

Close the status report window.
Close the Aligning MID Data with BWA-MEM dialog.

REVIEWING YOUR RESULTS IN TABLET
If you want to review your data in Tablet, click on an item of interest in the Project Window.

Go to the Contig menu.
Choose Show NGS Data Using>Tablet.

Tablet will launch and load your data and reference sequence automatically. On the left-hand side of the
Tablet window, you will see a list of contig(s).

Click once on the contig of choice (there may only be one).

The reads will load and appear on the right-hand side of the window.
Zoom in and out using the slider at the top of the window (top blue oval).
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8 00 alignment.sam - Tablet - 1.12.09.03

@ J [d NC_012920 | consensus length: 16,569 (16,569) | reads: 1,686 | features: 1 Memory usage: 73.68 MB(lO)
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T T A|G T A T|[A Alalclalc T A AlG T|T|T T G A|lC|A

T T A G T AT A T A G T A NC_012920_1136_1688_0_1_0_0_1:0:0_1:0:0_288/1 Alcl Tl Tl Tl TGl Al cla

T T A G T A T A A From: 9,986 U9,986 to 10,055 U10,055 A G T T T T G A C A

T T A G T AT/ Al AlA Length: 70 U70 AG T|T|T T G AlC|lA

T T A G T A T A A A TIAIGIT A 1 WA G T T T T G G C A

T T A G T A T A A AT A G T A Cigar: 70M A G T TIT|T G| GicC|A

T T A G T A T AA AT A G T A Properly paired (1/2), insert size: 622 A G T T T T G A C A

T T|A|G T A T|A A A T|AIG T A WA G|T|T T T/6|/Aal C A

T T A G T AT/ AAATAGT A o 4 AG T|T|T T G AlcC|lA

L rHPAlA G TIAIT A AATIAIGT AT 1 alciTiTiT 1lc alc a

Variant T.TIA G T GIT A A AT A G T A A G T T T|,T G A C A
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Ty ALALTIAT Gl T AT (NC_012920_1136_1688_0_1 0_0_1:0:0_1:0:0 288/1 (Mate) | 4 & T T T T G A ¢ A

From: 10,538 U10,538 to 10,607 U10,607 T T T G A C A

Reads Length: 70 U70 TIT T|G A C A

TIT | G|lAlC A

(P:'g‘" \70M d (2/2) 622 waaal

§ < roperly paired (2/2), insert size: - Alcla

Filter by: | Name v Summary /—HV

information [ ]

(lick on Read Colors (lower blue oval).
Choose a class of Read Colors from the drop-down menu.

You will see a list of read classes in the drop-down menu such as Nucleotide which colors the individual bases
such that all A's will be in one color and all T's will be in a different color and so on. Choosing Direction shows
the direction of each read with coloring of the forward reads in one color and coloring of the reverse reads in a
different color. Read Group refers to paired-end reads and Variants highlights any variants. In more
recent versions of Tablet, you can customize the colors for these different classes. The view in the image above
includes customized colors (pink backgrounds indicate variant bases).

(lose the Tablet viewer.

REVIEWING IN SEQUENCHER

Since you have aligned your data against the same reference sequence, you can use the Variance Table to
review the number of differences between samples.

Select the contigs you wish fo review.
Choose the Contig menu and select Compare Consensus to Reference.

AVariance Table is generated and with it you can compare the position and number of variants between
each contig and the reference sequence.
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NC_012920.

Review Refresh

Reports Options Comparison Range

Comparison Range: Unfiltered
Base Positions: 1..16569

Translation

Description: 10 consensus sequences compared to Reference

Reference

BC1.. | BC10... | BC2...

BC3 ...

Total

8,869

9,061

9,261

9,361

9,523

9,527

9,615

9,631

9,634

10,271

10,664

10,739

slolo|old| 4ol 4l s| o] s

11,353

=

M

= | = | = | =2 | =2 | =2 | =2 | =2l | = | = | = | = | =2

+

Total

(lose the Variance Table window.

CONCLUSION

In this tutorial, you have learned how to work with three separate programs, BWA-MEM, GSNAP, and
Velvet, and Multiplex ID data. You have learned how to change settings, review your data in Tublet, and

examine log files. You have also learned how to understand and print out the Multiplex Report.

For more information on using Sequencher, this tutorial and others are a good place to start. You can also
read the online manual or consult our website by visiting http://www.genecodes.com.
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