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Overview

In microsatellite development, high throughput ssgung has replaced the classical cloning based
methods and in this process the first two vers@n@DD played an important role by dealing with
the essential bio-informatics steps leading from saquences to primer design.

The original version of QDD aimed to extract theth@utative) markers from a few Megabases (5-
500 Mb) of 454 pyrosequences, since back in 201¥tbrs sequencing platform provided
sufficiently long reads (300-500 bases). QDD1 &datll bioinformatics steps from raw sequences
all the way to obtaining PCR primers: sorting semes by tag, removing adapters/vectors,
detection of microsatellites, detection of redurcydmossible mobile element association, and
primer design.

QDD2 relaxed the primer design conditions, andhetusers choose among more markers based
mainly on the target region pattern.

QDD3 (current version) aims to improve primer dadigthe following ways

* The current length of lllumina sequencing (100-Bpis still slightly short for
microsatellite marker development. However, sequegnaf hundreds of Gbases of DNA
has become affordable and thus — at least foronabig and repetitive genomes - sequences
can be assembled into contigs. QDD3 does NOT dwude assembly, but can take contigs
(scaffolds/chormosomes) as an input, and extraiosatellites with their flanking regions
for primer design.

» Although the all-against-all comparison of the sagres in QDD versions 1 and 2 could
pinpoint some of the putative interspersed or tandepetitive regions, now a comparison to
known repetitive elements via RepeatMasker is alsilable for the linux comand line
version or in the virtual machine.

* In previous versions an automatic selection oflilkest’ primer-pair was based arbitrary on
the penalty score of the primer pairs calculate@tmer3 However based on our wet lab
results, this is not a good indicator of PCR susc&ke new choice of one primer pair per
locus now depends on our wet lab tests, and previtd@e meaningful selection.

* Multi-threading for BLAST and RepeatMasker is pbgsi

» Fastq files can also be used as input file (thawlebption is the fasta format).

QDD3 is currently available in two different forms:

« A command line versionthat can be run both on linux and windows opegasystems.

* QDD integrated into a galaxy serverto provide an easy to usgerface and many useful
sequence treatment tools.

QDD scripts can be either downloaded directly, trey should be installed together with all the
third party programs, or they can be downloadedmstalled (as well as the third party programs)
into a ready to usertual machine. In both case, they can be run from Galaxy or feooommand
line.
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General Description

QDD is composed of four parts. Each of them carubeseparately, or all at once in a pipeline

* PIPEL: Sequence preparation and microsatellite dettion

The input sequences can be either assembled segu@oantigs, scaffold or chromosomes)
or non-assembled sequences reads.

* Assembled sequencggontigs, scaffold or chromosomes): Microsatedlidéee
extracted with a user defined flanking region othtsides. Adapter clipping is
irrelevant in this case.

* Non-assembled sequence&dapters can be removed (optional), short reagls a
eliminated and only sequences with microsatelbreskept for further analysis.

The input file format can be both fasta or fasarfat. Fastq files are converted into fasta
files without quality filtering. It is thus esseaitito appropriately trim low quality regions
before starting QDD.

Input reads should be 100-1000 bp long, but QDD®tsadapted for treating Gbases of
short lllumina reads.

* PIPE2: Sequence similarity detection

Sequences are compared by an all-against-all BLA®iTsorted according to their
similarities into the following categories:

* Singletons=> Singletons (the only BLAST hit is an autohit)

* Nohit css=> Low complexity sequences (no BLAST hit to ifsel

* Multihit => Putative minisatellites (more than one hit ewa pair of sequences)

* Grouped => Sequences (including consensuses) that had BLb&So other
sequences, with below limit identity of the ovepay region. Regions covered by
BLAST hits are masked.

* Consensus=> All unique (no hit to grouped seqs) consengagiences based on the
alignment of reads, where the pairwise identity atlgast 95% on the overlapping
region. Consensus sequences are marked as polympgymorphism in the
microsatellite length is detected among the aligreedls.

The main output file (Input file for pipe3) contains all unique seques¢singletons and
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consensus).

If the sequences were extracted from assembligaaking consensus sequences does not
make sense. Pipe2 input sequences are still cothpgran all-against-all BLAST, but only
unique sequences (singletons) are kept for prirasigd.

* PIPES: Primer design
Primers are designed in an iterative way for eacjusnce.

* By increasing size of the PCR products (To forcggleof primers that have longer
products)

* From best to worst scenario for the target regre (single perfect microsatellite =>
multiple microsatellites, homopolymers, nanosats)i

* PIPE4: Contamination check and comparison to known
transposable elements

* Contamination check An optional contamination check can be done byABTing
all sequences with successful primer design agtiestt database of NCBI and
checking the taxonomic classification of the bastThis step can be done either by
a local BLAST or by a remote BLAST. The first opticequires the download of the
nt database from NCBI (ca.15 Gb) and it is fagtantthe second. The second option
relies on a good internet connection, it is muchver and connection time outs can
be frequent.

This step does not pick out particular sequences@igminant, but can warn the
users of serious general contamination (or mixipgamples) if taxonomic groups
of the best hits do not match the target species.

» Comparison to known transposable elemenisSequences with successful primer
design can be compared to known transposable eterhgmunning RepeatMasker
from QDD (available in the VM version or in commairte version run on linux
system

Back to Top

Main output file(s): Primer table

The main output files are the primer tables produng pipe3 and completed by pipe4. They are
namedxxx_pipe[3,4]_primers.tabularin command line version afi@ble with primers in
Galaxy.

Each line corresponds to a primer pair and thexeseveral primer pairs designed for each
sequences.

For each primer pair information is given on

* the sequence
 the target region (number, type, motif, length aénosatellite),
 the primers (position length, annealing temperatjre

Pipe4 completes the output table of pipe3 with

 information on the best hit against Genbank (a¢oess-value, score, taxonomy) and
* Dbest hit to a known transposable element.
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Take your time to understand the information indi&erent columns in this table, since it helps
you to choose markers and primer pairs out of theyndesigned. (see detailed description of the
columns inQutput filessection)

Back to Top

How to choose primers from the primer table.

The following suggestions are based on our lals {déeglécz et al submitted) or simply on
common sense. The title of the column in the oufifritelevant for each selection criterion is
indicated in capital letters.

* ONE_PRIMER_FOR_EACH_SEQ: An automatic selectiod pfimer pair for each locus,
based on our lab tests. (See detailed descriptitreaolumns irDutput filessection)

» Avoid primers with high alignment score to the semee (PCR_PRIMER_ALIGNSCORE,
annealing sites are not considered for calculaifdhe alignment score)

» Better to have a pure microsatellite, then a comgddq@?URE/COMPOUND)

* Microsatellites with more repeats are more likelyoe polymorphic
(TARGET_MS_LENGTH_IN_REPEAT_NUMBER)

* Avoid microsatellite motifs that can form hairpeg. (AT)n; MOT_TRANS)

* Choose markers in different ranges for PCR probiungth to facilitate multiplexing
(PCR_PRODUCT _SIZE)

* Avoid primers that are very close (>20 bp) to tagét microsatellite
(MIN_PRIMER_TARGET_DIST)

* Choose compatible annealing temperatures of timegpsi if you have changed the default
values of primer3. According to the default valudsprimer TM could vary between 57
and 63 C, which makes most primers pairs compaiiislenultiplexing
(PRIMER_LEFT_TM, PRIMER_RIGHT_TM)

+ If input sequences were contigs, avoid selectindkera that are near to each other on the
same contig (FIRST_POS_ON_CONTIG, CONTIG_CODE)

* If you have run RepeatMasker, avoid primers witbdybits to transportable elements
(RM_score; High score indicates a good alignmetwéen TE and your sequence)

* Consensus sequences based on read numbers muehthayhexpected coverage are
probably derived from different loci of a repetéielement, thus should be avoided
(NUMBER_OF_READS).

» Prefer target regions that do not have multiplerasatellites, nanosatellite, homopolymers
(DESIGN A, B)

Back to Top

Glossary

» Perfect (pure) microsatellite Microsatellite composed of one single motif 06 Dp length
with no interruption. The minimum number of repetitis arbitrary set to 5.

* Nanosatellite 3-4 tandem repetition of a 2-6 bp motif.

* Hompolymer: At least 5 tandem repetition of a single base.

« Compound microsatellite Pure micro- and nanosatellites are pooled irdorapound
microsatellite if the distance between them is equéess than the longest of the two
motifs. Homopolymers are never pooled with micronanosatellites.

» Target microsatellite: Pure or compound microsatellite with at leashterrupted
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repetitions of a 2-6 bp motif.

» Target region: The region of the read that should be betweemptineers. There can be one
or more target microsatellites in a target region.

* Genomic multicopies Loci present more than once in the genome. Theaybe either the
results of duplication events or transposition.

* Flanking region: The whole sequence apart from the target micetigas. This simple
definition can be applied, since the lengths ofrdeaas are compatible with PCR, thus it is
not necessary to define a maximum for length daking region.

« Soft masking in BLAST. BLAST prevents seeding (starting the alignmenalperfect
match of a predefined length) in masked regionsatbows alignment extension through
them if soft masking is applied.

* Tag: A short DNA stretch added at the 5’-end of theAagment to be sequenced for
identification. Different tags can be added to Di¥#m different sources (e.g. species) and
the pooled DNA is loaded on a non-fractioned PitarTplate, thus gaining space and
guantities of reads. Sequences coming from diftesearces are identified according to
their tag.

Back to Top
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Download

QDD-VM

QDD-VM (QDD in a virtual machine) is an easy bueéedy installation. The virtual machine (VM)
comes with QDD and (almost) all its dependencistaited in a Galaxy server. The installation is
easy and you can either run QDD from a terminainfo@and line) or from your local Galaxy server
installed into the VM, which provides a user frignohterface. However, the down-loadable file is
very large (2.2 Gb) and you will need at least 1G8BRAM and 50 Gb of storage for the VM. The
50 Gb of storage is dynamically allocated, whichangethis is the maximal volume used on the
host machine, but the actual storage size depenttisecqquantity of data you keep on the VM. A
collateral bonus is that after installing the VMsien of QDD, you will also benefit from a local
general purpose galaxy server and you will be tabiese it for NGS data manipulation
(http://galaxyproject.orghttp://wiki.galaxyproject.org/)

If you are not familiar with Virtual machines, theer manual of Oracle VM VirtualBox gives a
very good introduction, or plenty of details, irseayou want to know more.
(https://www.virtualbox.org/manual/UserManual.himl

Download VM (same file for Linux and Windows):
QDD-VM version 3.1.2( 2.1 Gb; 04 July 2014)
» If you have QDD3.1 or QDD3.1.1 already installed Easy update
QDD-VM version 3.1.1( 2.1 Gb; 17 Apr 2014)
* If you have QDD3.1 already installed dea&sy update
QDD-VM version 3.1( 2.2 Gb; 28 Jan 2014)
QDD-VM version 3.0 (beta) 3.4 Gb; 04 Oct 2014)

QDD for manual installation

QDD is written in Perl and runs as a standalondiegmn on Windows or Linux systems from a
terminal (command line version).

This is a light and flexible version of QDD thancdo the same analyses as the Galaxy version.

You can even change more parameters than with (Galak use batch submission if you have
many files to run. The downside is that there igraphical interface and you needristall all the
dependencies of QDD

Download (same file for Linux and Windows):
QDD version 3.1.2( 127 Mb; 04 July 2014 )

» If you have QDD3.1 or QDD3.1.1 already installed Easy update
QDD version 3.1.1( 127 Mb; 17 Apr 2014 )

* If you have QDD3.1 already installed deasy update
QDD version 3.1( 106 Mb; 28 Jan 2014 )
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QDD version 3.0 (beta) 106 Mb; 04 Oct 2014 )

QDD for installation into an existing Galaxy server

Same files as foDDD for manual installation

Easy update

(Works both for the command line and VM)

Update QDD-3.1 or QDD-3.1.1 to QDD-3.1.2

Download the update fileupdate QDD-3.1_to_QDD-3.1.2.tar.gad extract the files.
You will find 8 files in the extracted folder.

Replace the original files in the folder that camsaQDD-3.1 or QDD-3.1.1 scripts (in the
VM it is ~/galaxy_dist/tools/qdd) by these new gile
It is ready. All the settings that you have chosetine set_qdd_default.in are still valid

QDD documentation

QDD documentation pdf( 718 kb))

Sample files

All sample files are archives of input files ané thutput files produced by QDD-3.1.2 with the
commads specified bellow.

QDD

examplel.tag.g¢ 50 kb)Contig from an insect

perl QDD.pl -input_folder c:\data_examplel -corttignake_cons 0 -rm 1 -rm_lib insecta
Seeexamplelat running QDD for more detail

example2.tag.g¢ 103 kb)454 reads without adapters and tags
perl QDD.pl -input_folder c:\data_example2 -cheantamination 1
Seeexamplezat running QDD for more detail

example3.tag.g¢ 13 kb)454 reads with adapters and tags

perl QDD.pl -input_folder c:\data_example3 -tagdg- file c:\\myfolder\tag.fas -adapter 1
-adapter_file c:\\myfolder\adapter.fas -check combaton 1

Seeexample3at running QDD for more detail

example4.tag.g¢ 330 kb)lllumina reads in fastq format without adapters andtags

perl QDD.pl -input_folder c:\data_example4 -fastgchieck _contamination 1 -rm 1 -rm_lib
vertebrates

Seeexampleat running QDD for more detail
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Installation

Installing QDD-galaxy as Virtual Machine

1. Download and install Oracle virtual box approf&ito your computer from
https://www.virtualbox.org/wiki/Downloads

The virtual Box is a manager that can handle dfieNirtual Machines.

* Host system refers to the Operating system of gomputer.

* The guest operating system (the operating systeaimed?M) is Linux (Ubuntu-
12.04.2).

* \VirtualBox comes in many different packages, arsdaltation depends on your host
operating system. If you have installed softwar®ie installation should be
straightforward: on each host platform, VirtualBases the installation method that
IS most common and easy to use. If you run intolti® or have special
requirements, please refer@hapter2: Installation details of the manual of Virtual
Box for details about the various installation methods

* You do not need to install extension packs.

2. Download the Virtual Machine with QDD from tdewnload page

3. Start the Virtual Box (semanual of Virtual Boxor help)

4. Import the VM into the Virtual Box by choosingetHmport appliance' in the 'File' menu of
the Virtual Box. (for more details seganual of Virtual BoX).
When importing the VM, some settings - like the noeyrallocated to the VM and the
number of CPUs - can be directly modified in the@art window. By default 1 GB of RAM,
and 1 CPU is set. You can also adjust these paeasnater (see point 5).

QDD documentation 11



lﬂ- Machine Help

Import an appliance into VirtualBox

(§]  Virtual Media Manager.. Cirl+D
{7l Import Appliance... Ctrl+1
(M Export Appliance... Crl+E
o~ Preferences.. Curl+G

& General
Name; Uiburhie-500h
Operating System:  Ubuntu {64 bit)
\s] System

Base Memory: 1024 MB
BootOrder:  Foppy, CODVD-ROM,

Acceleration;  VT-x/AMD-, Nested

-
]

=] pisplay

Video Memory: 12 MB
Remote Desktop Server:  Deabled

[ Storage
Controlier: IDE

IDE Secondary Master:  [CD/0VD] VBoxGuestAddibons. 2o (52,81 ME)
Controlier: SATA

SATA Port O: Ubuntu-50Gb. va (Normal, 50,00 GB)

(2 Audio

Host Driver:  Windows DirectSound
Controller:  [CH ACS7

@"‘ ok

5. Optional: By default 1 GB of RAM, and 1 CPU is set for ¥kl you have just imported.

However, you can adjust the RAM and the numberR@ you have a higher capacity.
(_https://www.virtualbox.org/manual/ch01.html#corfasics

QDD documentation

12



|,..,:i ?'.f,.;“ “ﬁ) 7} Detais | @) Snapshots (7)

Mew Settings Stert Discard

S0 N e Ubuntu-12,042 - Setfings 0 —  — l*—w
_55, General System
|8 system | ]
& Display | | Motherboard | Processor | Acteleration
@ storage Base Memory: J w2 Me
= Audio P o
;-_'T-: o Book Order: _, -:l Fleppy t
A | [#] £z CDSDVD-ROM | 4
i Sens|Ports | & r_g Hard Disk
@ use | @ Network
[l Shared Folders | Chipset: [P = |

Extended Features: [¥] Enable 10 APIC
|| Erable BFI {specal O5es anly)
|¥] Hardware dodk in UTC bme

[¥] Enable absoiute painting device

Sewect 8 settngs category from Be dst on e lefi-hand sde and move Bhe mouse over 8 settngs
ftam o gel more Sema o,

o] e ] [

Fserprvoraer 1.

* Open a the 'Settings' window by clicking on thetiBgs button in the menu.

* Select 'System' in the left panel of the window.

» Select the 'Motherboard' tab for changing the Basmory (RAM). This sets the
amount of RAM that is allocated to the VM whensitunning. The specified amount
of memory will be requested from the host operasipgiem, so it must be available
or made available as free memory on the host wttempting to start the VM and
will not be available to the host while the VM igning. (or details see
www.virtualbox.org/manual/ch03.html#settings-motieeard)

* Select the 'Processor’' tab for changing the numib@PU. You should not, configure
virtual machines to use more CPU cores than yoe hsailable physically. ( for
details seéttps://www.virtualbox.org/manual/ch03.html#setSagrocessqr

Beware! If you have changed the number of CPU availablgta VM, you will
have to change the -num_threads parameter in thgdsk default.ini file See
Setting parameteys

6. Start the Virtual Machine

Double-click on its entry in the list within the Mager window. This opens up a new
window, and the virtual machine which you seleatétiboot up. Everything which would
normally be seen on the virtual system's monitshswn in the window. In general, you
can use the virtual machine much like you wouldaiseal computer.

Check therouble shootingage if you have a problem at this stage.

7. Keyboard setting

QDD documentation 13



* Choose the keyboard setting closest to the onag®using, by clicking on the
keyboard icon on the top right corner of your VMesm.

U W3 i SEE Latan P ey ] G B e T T O B - 0o

N ouloa O 0 Landlaaud -
* Type the password 'qddGalaxy’, to access the machin

» If your keyboard does not correspond to the arny@fe proposed (English UK,
English US, French) you can add yours.

1. Click on the keyboard icon on the on the toptrigérner of your VM screen,
and select 'Keyboard Layout Settings...'

Ubsmto Desktop

2. Click on the '+' icon on the bottom left of theyboard Layout' window, to
see available keyboard settings.
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System Setkings

BEMe

o Choose a Layoul
French {legacy, alber
English {US}
English (LK) Afghari
Akan

Setect an input source b add

Albanlan

Amharic

arabhe

Arablc (arerty)
Arabic (arerky/digits)
Arablc {Buckwalter)
Arablc {digits)
Arabic (Morocoo)
Arabic {Pakistan)

B
=i

QUEES JC IR |

. Choose the keyboard of your choice and clickAoiadl"
. This keyboard will appear in the left panel. $eleand click on the keyboard
icon at the bottom left, to check if it corresponagours.

System Settings

Hungarian (qwearky)

French (legacy
Englizh (US)
Englésh {UK)

-I.'If i %R wr o fe b e et 07 fa | |ee— -
| % ¢ = F3 L] ! & T L] L] i L] _— cad

. h 0 WL E a@(ti(vrevrfii joserld: lo e T ]

L g lwq lmw|r %bob s wd i 1 i L Y ¥ [T S -

Smilew la A Ry lDDFY G Rw gl (e Lk LA ¥ il ¥ %

P o b o b ey im0 fee b owleplanlae C il hed

sp e fieleeiv: [8° (W IM®[r. : T |1

Lt Pojew o @ [o ¥ (o @iw| (v (m= ® = | E=mS - La —
m B
Bl s WL T A e . .

Reset to Defaults

. Use the arrow icons at the bottom left of thedmein, to put this keyboard at
the top of the list.
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Keyboard Layout

@ Use the same layout for all windows

French (legacy, alternative) Adlow different layouts for indiidual windows
English [US)

English (UK)

Retel to Delaults Opitidns

6. Close the window, it's all set....

...Well almost all set. In the VM you have justtadked, QDD, Galaxy server and all essential third
party programs are installed and ready to use. Mexygou cannot use RepeatMasker without
downloading the RepeatMasker Libraries from GI&éfetic Information Research Institjte
Since this database of repetitive elements is aviailfreely only to academic users, we could not
include it into the VM.

The other database you might need is the nucledatibase of NCBI. It is about 15 Gb and
regularly updated, therefore it is better to dovawldhe last version directly to your VM.

Installing RepeatMasker Libraries (optional for run ning pipe4)

1. Start a browser (Firefox) in the left applicatist of the VM display. Register &IRI

2. Download repeatmaskerlibraries-[version].tarrgnt
http://www.girinst.org/server/RepBase/index.php

3. Open a terminal by clicking on the Ubuntu icorthia top left corner of the VM display and
type 'terminal’ in the search box, and the clickleterminal icon that appears

lii RecentApps
|

Text Editor i Thunderbird Mo Plangise
Mail

| — Pi <~
"'ﬂ* > F ‘ ‘zrr
L 1' - L

| N ‘i

" aq Termins Filss,

4. In the terminal type (or copy) the following cormnas which will copy the repeatmasker
libraries into the RepeatMasker folder:

sudo cp ~/Downloads/repeatmaskerlibraries* /usall®epeatMasker/
(sudo is a command that allows you to modify priatediles. It will prompt you to type the
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password 'qgddGalaxy'. Don't be surprised if the@uis not moving when you type the
password.)

Now type (or copy) the following commands to unp#uk repeatmasker library:

cd /usr/local/RepeatMasker

sudo gunzip repeatmaskerlibraries-*.tar.gz
sudo tar xvf repeatmaskerlibraries-*.tar
sudo rm repeatmaskerlibraries-*.tar

Terminal

=4 ;o5 gdd@add-virtualBox: fusrflocal RepeatMasker

gdd@gdd -virtualBox:=% sudo cp -/Downloads/repeatmaskeriibraries-20130422.tar.gz
Jusr/local fRepeatMasker
| [sudo] password for qdd:
qad@gdd-VirtualBox:~% cd fusr/lecal/RepeatMasker/
qdd@qdd-virtualBox: fusr/local/RepeatMaskers sudo gunzip repeatmaskerlibraries-28
1136422 . tar.gz
qdd@qdd -VirtualBox: fusr/local /RepeatMaskers sudo tar xvf repeatmaskerlibraries-2
(8130422 .tar
Libraries /README
Libraries /README. html
Libraries /RepeatMaskerLib.embl
qdd@gdd -VirtualBox: fusr/local /RepeatMaskers sudo rm repeatmaskerlibraries-281364
22.tar
EEZ qdd@gqdd-VirtualBox: fusr/local /RepeatMaskers I

=

1. Open a terminafas for installing RepeatMasker) and make a foldsw/local/nt/ and change

Installing the NCBI nt database (optional for running pipe4)

folder by typing (or copying) the following commasnd

sudo mkdir /usr/local/nt/
cd /usr/local/nt/

2. Download the database:
sudo wget ftp://ftp.ncbi.nim.nih.gov/blast/db/nt*
This step is long (>15GB). It is better to downldhd files overnight.
3. Check the integrity of the downloaded files:
sudo md5sum —check nt.*.tar.gz.md5
You should see OK for each of the xxx.tar.gz files
4. Unpack the files:
sudo tar -zxvf nt.00.tar.gz
Repeat this opartion to all nt.##.tar.gz files
5. Remove packed files and md5 files:
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sudo rm nt.*.tar.gz*
Back to Top

Installing QDD command line version on Linux

1. Extract QDD files to a folder (if installing QDibto an existing galaxy server, this folder
should be ../galaxy-dist/tools/qdd. For commanddibelow | will use /usr/local/qdd)

mkdir /usr/local/qdd
cd /usr/local/qdd
tar -xvfz gdd.tar.gz

2. Install Perl, blast+, clustalW?2, Primer3, Repeasker (optional), bioperl (optional), NCBI
nt database (optional)

* Perl ( http://www.perl.org/get.htnl It is likely that Perl is already installed. To
check it type 'perl -v' on the command line.

* Bioperl ( http://www.bioperl.org/ It is only necessary for contamination check

* BLAST+ (ftp://ftp.ncbi.nih.gov/blast/executables/blastdse BLAST+ not
BLAST)

* ClustalW (ftp://ftp.ebi.ac.uk/pub/software/clustaly24se clustalw2 and not
formerly widely used clustalw1.83.

* Primer3 (_http://primer3.sourceforge.ng¥ou can use either the more recent version
2 of Primer3 or an older Primer3-1.1.4 version.

* RepeatMasker(_http://www.repeatmasker.ojgDptional for checking similarities to
know transposable elements. When using RepeatMgekeailso need a library of
repetitive elements from GIRIhttp://www.girinst.org). It is free only for academic
users.

» DownloadNCBI nt database (_ftp://ftp.ncbi.nIm.nih.gov/blast/di/For help see
'Installing NCBI nt databasd~or contamination check you can either use atem
BLAST or a local BLAST. Only for the local BLAST yoneed to download this
database, but it is recommended, if you are likellyave many sequences to test.
(seeContamination chegk

3. Make a symbolic link to subprogramQDD.pm and ntbionomy.pm in
letc/perl/subprogramQDD.pm

In -s /usr/local/qdd/subprogramQDD.pm /etc/perlfsolgramQDD.pm
In -s /usr/local/gdd/ncbi_taxonomy.pm /etc/perlintéxonomy.pm

4. Make a hard link to set_qdd_default.ini in /etidf(Beware! If you are re-installing qdd,
remove the old link in /etc/qdd/ and make a new)

mkdir /etc/qdd/
In /usr/local/gdd/set_qdd_default.ini /etc/qdd/seld _default.ini

5. Edit theset_gdd_default.inifile to set parameters that are constant (se@dslagt&etting
Parameteds

* Make sure the operating system is set to linuxtsiysix)

* Make sure galaxy is set to O

» Set the full path to BLAST+, ClustalW, Primer3 drRdpeatMasker executables
(blast_path, clustal_path, primer3_path, rm_pdathis step is necessary for Primer3
but you can ignore it for the other three softwitbey are in your PATH.

» Set the version of primer3 (primer3_version)
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» Set the full path to the QDD scripts (qdd_foldexyi ahe output folder that will
contain temporary files (out_folder). This foldeust exist before running QDD.

» If you are using local blast for contamination dheset local_blast to 1 and set the
name and path of the downloaded ncbi databasedb)as

* Set the number of threads (number of CPU) in nuneatis (used for BLAST and
RepeatMasker).

Back to Top

Installing QDD in command line version on Windows

1. Untar and unzi@DD[version].tar.ganto a folder where you would like to install it

For windows, you can use WinRduttp://freedownloadwinrar.oryfor decompressing the
file. Keep all the files in one folder (referredas qdd_folder in the parameters). Choose a
place for your gqdd_folder with no space in the patid avoid using file names with spaces
in it.
2. Install Perl, blast+, clustalW?2, Primer3, biop@ptional), NCBI nt database (optional)
* ActivePerl ( http://www.activestate.com/activepeyl/
» Bioperl ( http://www.bioperl.org/ It is only necessary for contamination check.
Help athttp://www.bioperl.org/wiki/Installing_Bioperl_on_Wdows
* BLAST+ (ftp:/ftp.ncbi.nih.gov/blast/executables/blastdse BLAST+ not
BLAST)
* ClustalW (ftp://ftp.ebi.ac.uk/pub/software/clustaly24se clustalw2 and not
formerly widely used clustalw1.83.
Install ClustalW2 using the msi file and keep tikesfwithin the folder selected
during the installation process.
* Primer3 (_http://primer3.sourceforge.nglou can use either the more recent version
2 of Primer3 or an older Primer3-1.1.4 version,ckhs easier to install in windows.
* DownloadNCBI nt database (ftp://ftp.ncbi.nlm.nih.gov/blast/dp/For
contamination check you can either use a remoteSBILAr a local BLAST. Only for
the local BLAST you need to download this databhseéjt is recommended, if you
are likely to have many sequences to test. G3@d#amination chegk
* Open aterminal. (Program =>Accessories => Comnranchpt)
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* In the terminal type:
perl [blast_path]update_blastdb.pl nt

» Decompress the downloaded files. You can use WinRar
(_http://freedownloadwinrar.orgfor decompressing the files under windows.
3. Edit theset_qdd_default.inifile to set parameters that are constant (sedslgt&etting
Parametens

* Make sure the operating system is set to windoy&t£svin)

* Make sure galaxy is set to O

» Set the full path to above installed executablesr &ie appropriate parameter names
(blast_path, clustal_path, primer3_path)

» Set the version of primer3 (primer3_version)

» Set the full path to the QDD scripts (qdd_foldexyl ahe output folder that will
contain temporary files (out_folder). This foldeush exists before running QDD.

» If you are using local blast for contamination dheset local_blast to 1 and set the
name and path of the downloaded nchi databasddb)as

* Set the number of threads (number of CPU) in nureatis (used for BLAST).

Back to Top
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Installing QDD into an existing local Galaxy server

1. Modify the ~/galaxy-dist/tool_conf.xml file toetude QDD tool xml files.
After add:

<section name="QDD" id="QDD3">
<tool file="gdd/QDD_pipel.xml" />
<tool file="gqdd/QDD_pipe2.xml" />
<tool file="gqdd/QDD_pipe3.xml" />
<tool file="gqdd/QDD_pipe4.xml" />
</section>

2. Follow the same steps mstalling QDD in command line version for Linuixcept for
setting galaxy to 1 in theet_qdd_defaults.inifile.

Back to Top

Setting Parameters before the first run

The default parameters of QDD are storedanh qdd_default.inifile. You should edit this file for
changing default settings that depend on your ceenmonfigurations and file locationed. path
to executables, Primer3 version, directory for aufpes).

Lines starting by are comments to give you the meaning of the paem@ the next line(s)

All other lines set one parameter at a time. Thaenaf the parameter is followed by '=' then by the
value of the parameter. Do NOT change the namleeoparameter or delete the equal sign.

If the executables of BLAST+, CLUSATW?2, Primer3 dRédpeatMasker are not in your $PATH,
give the full path to these software after the appate parameter name. Otherwise you can leave
these values empty.

Although you can set all parameters in the comnii@aedat every run, the following parameters are
likely to be stable for all runs, thus better todalited in the set_qdd_default.ini file:

# run QDD from galaxy server; 1 for yes 0 for ruimqpQDD from terminal

galaxy=0

#operating system [linux/win]

syst =

# Full path to blast executables (including thefbider) e.g. C:\Program Files\NCBI\blast-

2.2.25+\bin or /hnome/EM/blast/bin) If the folderimsyour path it can be left empty.
blast_path=

# Full path to clustalw executables. If the foldemn your path it can be left empty.
clust_path =

# Full path to primer3_core executable. (e.g. @npr3-1.1.4-WINXP\bin)
primer3_path =

# Primer3 version [1/2]
primer3_version =

# Full path to gdd scripts
gdd_folder =

# Output folder name with full path. Must exist def run. If not specified output files are
written in the current working directory
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out_folder =

#[0/1] (1 for deleting temporary files after thenju

del _files =1

#[0/1] (1 for printing out supplementary informatjcnly needed for debugging)
debug =0

# name (including full path) to a local databageofiNCBI; e.g. /usr/blastdb/nt); Only
needed if local BLAST is used for contaminationate
blastdb = d:\blastdb\nt

#number of threads for BLAST and RepeatMasker (remob CPU)
num_threads =1

# [0/1] 1:run local blast for contamination che®kun remote blast for contamination check
local _blast =0

#PIPE4 SPECIFIC PARAMETERS

# Full path to RepeatMasker executables. (e.gldest/RepeatMasker/) If the folder is in
your path it can be left empty.
rm_path = /usr/local/RepeatMasker/
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Run QDD

Running QDD-Galaxy

1. Start up the galaxy server.
* Open aterminal (by clicking on the Ubuntu icorthie top left corner of the VM
display and type 'terminal’ in tisgarch bok
* Type in the terminal:

cd ~/galaxy-dist/
sudo sh run.sh

You will be prompted to type the passwogdldGalaxy).
You will see plenty of messages on the screen.
Wait till you see

serving on http//127.0.1:8080

* Leave the terminal open. You can close it by tyig C
only when you have finished with the Galaxy server.

2. Connect to the local galaxy server from your Wwedwser atttp://127.0.0.1:8080/
3. When Galaxy starts you will find 3 panels

* The left shows you the different tools available

» The right shows the files in your history

* The middle contains different information accordioghe context (help and input
settings for the tools, contents of the outpuslile
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4. Create an account in the User menu (black lineprof the page), so you can save your
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histories, workflows, share you data etc.

If you are using Galaxy in the VM there is alreaatyaccount you can use. It already

contains qdd workflows and sample histories:

* Email: gddGalaxy@gmail.com
* Pwhb: gddGalaxy
* public name qdd-galaxy
5. First you need to send your data files to Galaxy.

» Create a new history by clicking on the dented Wheehe top right, and selecting

'‘Create New'.
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* User =>Saved histories => Rename

You can rename your history by selecting 'Savethées' in the 'User' menu, and

selecting and renaming your current history.

* Get Data => Upload file
Select 'Upload file' from the 'Get Data' menu ie kbft panel.

You can either use the browser to find the filgaur computer, or copy the URL

from which it can be uploaded.

When first using Galaxy it is better to use theregke files found in
/home/qdd/galaxy-dist/tools/qdd/dataof the VM.

To get your own files to the VM, you can either

* Set up sshared folder between the host system and the guest system (see

documentation awww.virtualbox.org or
* use arexternal drive.
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a. Devices => USB devices => your drive

From the menu Devices/USB devices select the eaftdrive with
your data on. The drive will be available to the WMt not for your
host machine.
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b. To get data to galaxy directly from your exterdave, use the browse
button to find your drive in /media/.

Firefox Wek Browser
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6. You are ready to run QDD. You can either run akflow or run the four pipes one after the

other.
7. Running QDD pipes one by one
* Select pipel form the QDD menu on the left pandl et the input parameters in the
middle panel and execute the program.
* The input fasta file is compulsory.
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* Choose the sequence type (contigs or reads). Tihiglier the parameters
you need to set.

* The help at the bottom of the middle panel giveba@t description of pipel.
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* Once the run is finished, the output files are tbumthe right panel.
* You can check them by clicking on the eye icon niexhe file name. The
beginning of the file appears in the middle panel.

alyze Data  Workf " - - 551 - =S Using 60.9 ¥
History ]

R R AR RN R R R R E N R AN RN RN R R R AR R RN R RN R R RN RN RN R RN oY
00D version3.0(beta) June 2013 el
Emese Meglecz, Aix-Marseille University, Marseille, France
emese.meqglecz@inbe. fr 15B KB
http://gsite.univ-provence. fr/gsite/Local/eqee/dir/meqlecz QDO
BAE R R R R R R R R 1 in for 3 @ﬁl
SCRIPT pipel.pl 2: 1 tike [
INPUT files:

Input file with sequences: /home/qdd/galaxy-dist/databi 1: tig 1
OUTPUT files:

String for naming output files: N&
/home/qddfgalaxy-dist/database/files/000/dataset_Bl1.dal
fhonesgddsgalaxy-dist/databasesfiles/000/dataset _B4.dat

GENERAL PARAMETERS

System (win/linux}: linux

Input sequences are already assembled (contigs, scaffolds or ch
Length of the flanking region on both sides of the microsatelli

* You can rename them by clicking on the pencil nexhe file name.
* You can download them by clicking on the file naamel then on the
download icon that appears.

* QDD produces more files than the ones that appedefault. If you want to
see all of them, you can click on the dented wiesad (top right) and select
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the 'Unhide Hidden Dataset' option.
* You can run pipe2, 3 and 4 in the same way.
* The input file for the pipe2 is the output of pidaput for pipe2.
* The input file for the pipe3 is the output of pideput for pipe3’
* The input file for the pipe4 is thEble with primers produced by pipe3.
* The most important output files are
» Table with primers andTable with primers, RepeatMasker and NCBI
BLAST info which are a tab delimited tables that containspripairs and a
lot of supplementary information to help you to oke the markers and the
primers that best suite you. See for details irQb#ut filessection.
These files can be easily opened in excel once adad.
* Sequences with primers.
* Do not neglect the log files, that contain all thput parameters and
summary information on the results.
8. Running QDD as a workflow
* You can access your workflows by choosing\WWakflow in the menu on the top of
the page. For using workflows, you have to be ldgggUserin the top menu).
* You can edit or run a workflow by clicking on thr&ahgle next to its name

= Galaxy
Your workflows Draats Bk o T pp——————
Mamb ==
Eddil
Cnare ol Pubilish
CAATIIAE i

ith you by others

* When editing the workflow, click on the block repeating the step you want to edit.
In the right panel you can change the input pararaeDo not forget to save your
modifications (top right).
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* Once edited, you can run the workflow.
* Select a history, or make a new one with your iripes in it.
* Choose the Workflow menu (in black top menu baea the workflow you
want to run, and select run.

* In the middle panel you can check again the inpuameters, but you cannot
modify them.
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* The output files appear in the right panel.
9. When it seems too long...
» Galaxy sometimes appear to be blocked, but usitaiyonly the right lane panel
that is not refreshed. You can click to the dowstew icon on the top right to
refresh this panel.

Using 60.9 MB

History - o

* While a script is running, you can see the outpes in yellow, with a turning wheel
showing that galaxy is working. If you would likeone information, you can unhide
the hidden files, and look at the fjigpeX messages on scredn have more
information on the steps being executed.

This file can also contain error messages if somgtturns wrong.

Analyze Data ¢ 5 o - - - ss=  [Jsing 61.3 MB
History fa- 38T - )
O Suecesshully ran worklow "QDD-Contig™. The loflowing
i datases have been added 1o the quewe e
Saved Histones
2: pipel Log e I
PP g L0 ME Hisigries Sharsd with Me
3: Inpuit for pipe2 .
S :
S pal Lannivinio Repes  Creals Mew
§: pipel Length sefected fasia [ 9 Copy History
6 pipel Microsateilie posikons Copy Datasels
T: pipel Messages on screemn %19:  Share or Publish
B pipez Log file [ Ewtract Workfow
PER L] #%18:
9: pipe2 Singleton Diataset Security
10: pipe2 Nohit CSS #%17.  Resume Paused Jobs
11; pipe2 Multhit S Collapse Expanded Datassts
h Include Deleted Datasels
1% pipe2 Grouped
8 plm Include Hidden Datasels
13: pipe2 Consensus
| I_I|1rr|:"hu Hidden Datasets
14 2 Cons+ | 3: Inpt
s | Delete Hidden Datasets
N ¥
i 2:pipi  Purge Deleted Datasets
16: pipe2 Messages on scresn Show STuctite
17: pipe3 Log fle { J-J-‘El Export o File
18; Sequences with primers Dalap
18 Tahle with primerss Delete Permanently

20 pipa3 Messages on sCiBan

Impan rom FHile

21 pipad Log fle

* If you have plenty of sequences with primers, pipad take hours or days to finish.
The most important results you already have infdide with primes. Pipe4 will
complete this file with RepeatMasker and NCBI BLA®Tormation. It is up to you
to decide how important it is for you to get thigpplementary information.

Back to Top
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Running QDD on command line

Pipel-4 can be run separately or all in one gbobh cases, default parameters are read from
set_qdd_default.inifile but they can be overwritten by using commaéne options.
Seeexamplesbelow.

Running pipel-4 separately

1. Open a terminal
Help windows(START =>Program =>Accessories => Command Pronkfe)p linux
2. Change directory in a terminal to the qdd fol@dleat contains the scripts; e.g. cd d:\QDD)
3. Make sure that the out_folderset _qdd_default.iniis set to an existing folder. If not,
modify the setting or create the folder.
4. Run plpel pl, pipe2.pl, pipe3.pl and pipe4.pl
The general syntax for running these scripts is

perl pipeX.pl -parameter_name parameter_value

* The -input_file option is compulsory, all othere aptional.
» If a parameter is not specified in the command, lihe default value specified in the
set_qdd_default.ini file is used

Seeexamplesbelow.
Back to Top

QDD.pl

Run all pipes in one go / batch submission / sortinsequences by tags

QDD.pl runs the four pipes one after the otherdiesbatch submission and can sort sequences in
the input files according to tags. The tag sortpgon is available only in command line option
and not in QDD-Galaxy.

The general syntax is
perl QDD.pl -parameter_name parameter_value

1. Batch submission in QDD.pl instead of one input file (-input_filan input folder should
be set (-input_folder).

This enables users to run many files in one goawitlyiving each file name separately.

* The input_folder should contain all and only theutfiles (without the adapter or
tag file) and they will be run one after the other.

* You have to use -input_folder even if you have amg input file.

* The -input_file option does not exists in QDD.pl.

2. The optionrun_all setto 1 prompts QDD to run all 4 pipes one dfterother for all files
in the input folder.
If -run_all is O only the tag sorting is done (db&ow)
perl QDD.pl -input_folder data/ -run_all 1

3. The optiontag set to 1 prompts QDD to sort sequences in thet ifllpgs) according to
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tags.

In this case -tag_file should be set to the nanteefasta file (including path) containing all
tags.

4. Apart from the -input_file and -outfile_stringrpaneters, all othgvarameterslescribed for
pipel-4 are also valid for QDD.pl

Seeexamplesbelow.
Back to Top

Examples for running QDD from the command line

Examplel

You have anassembly(there might just be contigs) of aninsectgenome and you want to
compare the sequences with successful primer designknown transposable elementsSince
you have done your assembly correctly, you do noteed to check the contamination.

You have set the different paths in the set_defalugdd.ini, but let all the other default values:
Download input and output files of exampledre
perl pipel.pl -input_file c:\qdd_data\examplelfeentig 1

* Microsatellites are extracted with 200 bp flankregions on both sides and found in the
c:\qdd_output\examplel pipel_for_pipe2.fas.
You can change the flanking region length by setiftank_length

perl pipe2.pl -input_file c:\qdd_output\examplelpgi for_pipe2.fas -make_cons O

» Since you started from an assembly, it does noernsakse to make consensus sequences (-
make_cons 0). Sequences are, however, comparaghawther and only the ones with no
similarity to the others are kept, to avoid paralobhe unique sequences are found in
c:\qdd_output\examplel pipe2_for_pipe3.fas

perl pipe3.pl -input_file c:\qdd_output\examplelpg®2_for_pipe3.fas -contig 1
» After the iterative primer design, the sequenceh miimers are found in
c:\qdd_output\examplel pipe3_targets.fas, and tiineelP table in

c:\qdd_output\examplel pipe3_primers.tabular.

» -contig 1 tells QDD that the sequences have betaa®d from assemblies, and it adds two
columns to the primer table with the Id of the egind the first position of the extracted
fragment on the contig. When selecting markers,sloauld avoid closely linked markers.

perl pipe4.pl -input_file c:\qdd_output\examplelpg8 primers.tabular -rm 1 -rm_lib insecta

* The sequences with primers are screened by Repst@Mam 1) against the know
transposable elements of insects (-rm_lib inse®a).can choose almost any clades for
rm_lib. On starting pipe4, QDD checks if the narhéhe group is valid, and gives you
suggestions for a valid name, if it is not.

These four steps can be done all at once by runnir@@DD.pl
perl QDD.pl -input_folder c:\data_examplel -coritignake_cons O -rm 1 -rm_lib insecta

* The default of -run_all is 1, so you do not needpecify it. It runs all four pipes, one after
the other.
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* Since the default value of -check _contaminatiob iis pipe4, sequences will not be blasted
against the NCBI nucleotide database.

* -input_file is not valid in QDD.pl, you should spigcthe input folder instead (-input_folder
c:\data_examplel), that contains the input file(g)nothing else. If there are several files in
the input folder, they are all analysed one afterdther.

Back to Top

Example2

You have454 readsin a fasta file. Adapters have already been remoderom your sequences.
You would like to check contaminationby blasting the putative markers against genbanksa
remote BLAST, since you have not downloaded the nt databasestbé NCBI. You do NOT
want to screen for transportable elements, since)(you are working on windows (ii) and you
have an exotic taxonomic group where there is litfl info on existing transposable elements

anyway.
You have set the different paths in the set_defalugdd.ini, but let all the other default values:
Download input and output files of example2re

perl pipel.pl -input_file c:\qdd_data\example2.fas

* Sequences that contain a microsatellite and lotinger 80 bp (-length_limit 80 by default)
are found in c:\qdd_output\example2_pipel_for_pifaes2

perl pipe2.pl -input_file c:\qdd_output\examplezogil for_pipe2.fas

* The unique sequences ( singletons and consensusses) are found in
c:\qdd_output\example2_pipe2_for_pipe3.fas

perl pipe3.pl -input_file c:\qdd_output\examplezog®2_for_pipe3.fas

* c:\qdd_output\example2_pipe3_primers.tabular costaiformation on the primer pairs,
sequences, and target regions.

perl pipe4.pl -input_file c:\qdd_output\exampleog8_primers.tabular -check _contamination 1

* The sequences with primers are BLASTed againstitdatabase of NCBI by remote
BLAST (-local_blast is 0 by default). This needaod internet connection, and a lot of
time.

* Info on the best hits to nt is added to the pritable (example2_pipe3_primers.tabular) and
found in c:\qdd_output\example2_pipe4_primers.tabul

These four steps can be done all at once by runnirg@DD.pl
perl QDD.pl -input_folder c:\data_example2 -cheantamination 1

* The default of -run_all is 1, so you do not needgecify it. It runs all 4 pipes, one after the
other.

* -input_file is not valid in QDD.pl, you should spigcthe input folder instead (-input_folder
c:\data_example2), that contains the input file(g)nothing else. If there are several files in
the input folder, they are all analyzed one atterdther.

Back to Top
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Example3

You have one or more files witd54 readsthat contain tags at the beginning of the sequences
that identify the origin of the sequence, and thusequences need to be sorted into separate
files according to tags.

You haveadaptersto be removed from your sequences (after sortingnem by tag)

You would like to check contaminationby blasting the putative markers against the nt
database of nchi, that you have downloaded and excted on your computer and set the name
and the location of this database (-blastdb) in theet_defalut_qdd.ini as well aslocal_blast to
1

You have set the different paths in the set_defalugdd.ini, but let all the other default values
(except for -local_blast 1).

Download input and output files of exampleSre
Tag sorting step can be done only by QDD.pl ancogatipel.pl

perl QDD.pl -input_folder c:\data_example3 -tagdg- file c:\\myfolder\tag.fas -adapter 1
-adapter_file c:\myfolder\adapter.fas -check_cormtaton 1

* -input_file is not valid in QDD.pl, you should spigcthe input folder instead (-input_folder
c:\data_example3), that contains the input file(g)nothing else.

* Sequences in the fasta files are sorted accorditigettags (-tag 1) that are found in
c:\myfolder\tag.fas.
Beware! The tag.fas is NOT in the input folderdata_example3)

* Then each of the resulting files are analyzed bgpi4, since the default of -run_all is 1

» -adapter 1 prompts the program to clip the adagtewrmyfolder\adapter.fas) form the
sequences.
Beware! The adapter.fas is NOT in the input fol@e\data_example3)

» -check_contamination prompts the program to blestsequences with markers
(c:\gqdd_output\xxx_targets.fas) against the ntluga you have downloaded (you have set
-local_blast to 1 in the set_qdd_deafult.ini file).

Back to Top

Example4

You have lllumina or lon Torrent low coverage datan fastq format, thus assembling the
reads does not make sense. You have trimmed off l@umality regions of the reads.

You would like to check contaminationby blasting the putative markers against genbank sa
remote BLAST, since you have not downloaded the nt databasestbé NCBI, and you would
also like to compare the sequences with succesgbuimer design to known transposable
elementsof vertebrates.

You have set the different paths in the set_defalugdd.ini, but let all the other default values:
Download input and output files of exampledre
perl pipel.pl -input_file c:\qdd_data\example4 fastq 1

« -fastqg 1 will prompt QDD to convert the input fadilg to fasta
* Sequences that contain a microsatellite and lotinger 80 bp (-length_limit 80 by default)
are found in c:\qdd_output\example4_pipel_ for_pifaes2

perl pipe2.pl -input_file c:\qdd_output\example4ogil for_pipe2.fas

QDD documentation 33



* The unique sequences ( singletons and consensusmnses) are found in
c:\qdd_output\example4_pipe2_for_pipe3.fas

perl pipe3.pl -input_file c:\qdd_output\example4og®2_for_pipe3.fas

« c:\gdd_output\example2_pipe3_primers.tabular castaiformation on the primer pairs,
sequences, and target regions.

perl piped.pl -input_file c:\qdd_output\example4og® primers.tabular -check contamination 1
-rm 1 -rm_lib vertebrates

* The sequences with primers are BLASTed againstitdatabase of NCBI by remote
BLAST (-local_blast is 0 by default). This needaod internet connection, and a lot of
time.

* The sequences with primers are screened by Repst@Mam 1) against the know
transposable elements of vertebrates (-rm_lib keates). You can choose almost any clades
for rm_lib. On starting pipe4, QDD checks if them&of the group is valid, and gives you
suggestions for a valid name, if it is not.

* Information on the best hits to nt and to the Rapager database is added to the primer
table (example4_pipe3_primers.tabular) and found in
c:\qdd_output\example4 _pipe4_primers.tabular.

These four steps can be done all at once by runnir@@DD.pl

perl QDD.pl -input_folder c:\data_example4 -fasteghheck _contamination 1 -rm 1 -rm_lib
vertebrates

* The default of -run_all is 1, so you do not needgecify it. It runs all 4 pipes, one after the
other.

* -input_file is not valid in QDD.pl, you should spigcthe input folder instead (-input_folder
c:\data_example4), that contains the input file(g)nothing else. If there are several files in
the input folder, they are all analyzed one atterdther.

Back to Top

List of parameters (Set in the set_qdd_default.infile or on the
command line)

* These parameter values are unlikely to be chabgédeen runs. You should set them in the
set_gdd_default.ini file

Parameter Parameter |Explanations default | pipel | pipe2 | pipe3 | piped

name value

-input_file Fasta file Fasta file sequences to be analyzedNA yes yes yes yes
with full path | for 1-3; Primer table for pipe4

General

parameters

-galaxy Oorl 1 for running QDD form Galaxy, 0|0 yes yes yes yes

for running it from a terminal
-syst win or linux | Operating system *linux yes yes yes| sye
-blast_path Full path to * yes yes no yes

BLAST+
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executables

(after adapter clipping) are

-clust_path Full path to * no yes no no
clustalw
executables
-primer3_path Full path to * no no yes no
Primer3
executables
-primer3_version 1 or 2 Version of Primer3 *2 no no yes| o n
-qdd_folder Full path to * yes yes yes yes
QDD scripts
-out_folder Folder for | Folder (with full path) for output | * yes yes yes yes
output files |files. Must be created before running
qdd
-del_files Oorl 1 for deleting temporary files afte |* 1 yes yes yes yes
the runl
-outfile_string alpha- String to specify the beginning of the yes yes yes yes
numerical names of the output files. If not
specified, the input file name is used
for naming output files
-debug Oorl 1 for printing out more details in log 0 yes yes yes yes
file for debugging
-num_threads integer number of threads (CPU) for BLAS1 yes yes no yes
and RepeatMasker
Input
sequenceffile
type
-fastq Oorl 1 if input file is in fasq format, Oiif | O yes no no no
is in fasta format
-contig Oor1 1 if sequences has been assembled yes no yes no
(contigs, scaffolds, chromosomes); 0
if they are short (100-1000)
sequencing reads;
If -contig=1 -adapter must be 0
-flank_length integer Length of the flanking regiomlooth| * 200 | yes no no no
sides if the microsatellite, when
extracting microsatellites from
contigs (-contig=1)
Adapter clipping
-adapter Oorl 1 for running adaptor/vector clippifiy yes no no no
step
If -adapter = 1 => -adapter_file must
be set.
-adapter_file fasta file File that contains the adapters to beNA yes no no no
(including removed from the sequences.
full path) For adapter clipping -adapter must|be
set to 1, it is not enough to set only
the -adapter_file
Sequence length
selection
-length_limit integer Sequences shorter then lengttit | |80 yes no no no
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eliminated
Consensus
-make_cons Oorl Make consensus sequences 1 no ves no no
-ident_limit [80-100] Minimum % of pairwise identity |95 no yes no no
between sequences of a contig (ohly
if -make_cons=1)
-prop_maj [0.5-1] Proportion of sequences that must0.66 no yes no no
have the same base at a site to accept
it as a consensus (only if
-make_cons=1)
RepeatMasker
(checking
similarity to
transposable
elements)
-rm Oorl 1 for running RepeatMasker on the0 no no no yes
sequences with primers (not available
for windows)
-rm_path Full path to * no no no yes
RepeatMaske
r executableg
-rm_lib Taxonomic | A taxonomic group for which TE | eukary | no no no yes
group library is selected RepeatMasker e.gta
metazoa, vertebrata, insecta...
Compare
sequences to
NCBI
- Oorl 1 for checking contamination by |0 no no no yes
check_contamina blasting sequences against the nt
tion database (blast can be remote or
local)
-local_blast Oor1 1 for running local blast for *0 no no no yes
contamination check => blastdb
needs to be defined; 0 for running
remote blast for contamination check
-blastdb name Only needed if local BLAST is used* no no no yes
(including for contamination check (-
full path) of a|local_blast=1)
local ncbi
database
Primer design
-pcr_min [40,10000] | Minimum PCR Product size 90 no no yes| no
-pcr_max [40,10000] Maximum PCR Product size 300 no no| s ye|no
-pcr_step [20,10000] | PCR product size interval for 50 no no yes no
iterative primer design
- [0,20] Require the specified number of |0 no no yes no
PRIMER_GC _C consecutive Gs and Cs at the 3' end
LAMP of both the left and right primer
- [1,50] Optimum length of a primer 20 no no yes no
PRIMER_OPT_
SIZE
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- [1,50] Minimum length of a primer 18 no no yes no
PRIMER_MIN_
SIZE
- [1,50] Maximum length of a primer 27 no no yes no
PRIMER_MAX_
SIZE
- [1,100] Optimum melting temperature 60 no no yes no
PRIMER_OPT_
™
- [1,100] Minimum melting temperature 57 no no yes no
PRIMER_MIN_
™
- [1,100] Maximum melting temperature 63 no no yes no
PRIMER_MAX_
™
- [1,100] Maximum acceptable difference |10 no no yes no
PRIMER_MAX _ between the melting temperatures jof
DIFF_TM primers
- [1,100] Minimum percentage of Gs and Cs20 no no yes no
PRIMER_MIN_ any primer
GC
- [1,100] Optimum percentage of Gs and Cs %0 no no yes no
PRIMER_OPT _ any primer
GC_PERCENT
- [1,100] Maximum percentage of Gs and Cs80 no no yes no
PRIMER_MAX _ in any primer
GC
- [1,100] The maximum allowable local 8 no no yes no
PRIMER_SELF | alignment score for self- or pairwise-
ANY complementarity
- [1,100] The maximum allowable 3'-anchorg?i no no yes no
PRIMER_SELF | global alignment score for self- or
END pairwise-complementarity
- [1,10] The maximum allowable length of a3 no no yes no
PRIMER_MAX _ mononucleotide repeat in primer
POLY_X
- [1,10] The maximum number of primer |3 no no yes no
PRIMER_NUM _ pairs to return for each Primer3 rur
RETURN (each PCR product length interval
each stringency step on target regipn)
QDD.pl
-input_folder Folder name Folder that contains all input files foNA QDD.p| QDD.p| QDD.pl| QDD.pl
including batch submission; must not contain I I
path other files
-tag Oorl 1 for sorting input sequences 0 QDD.p| QDD.p| QDD.pl| QDD.pl
according to tags I I
-tag_file Fasta file fasta file with tag sequences NA QDD®DD.p| QDD.pl| QDD.pl
including full I I
path
-run_all Oor1l 1 for running pipel, pipe2, pipe3 aid QDD.p| QDD.p| QDD.pl| QDD.pl
pipe4 in one go I I
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Output files

Naming output files in command line version

All output files are found in the output folder ¢tofolder). If the -outfile_string is not specificithe
name of the input file is used for naming the oufpes followed by a complementary string to
refer to the content of the file. (e.g. input : gdefas output: sample_pipel_log.txt). If
-outfile_string is set (e.g. -outfile_string teattomplementary string to referring to the contént
the output file is attached to the -outfile_str{egy. test_pipel_log.txt).

If the output file name already exists, files vinét numbered e.g sample_pipel log_vl.txt
Back to Top

Output files of PIPE1

File names in Galaxy are in parentheses

1. xxx_pipel_log.txt (pipel Log fileF> Parameters of the run and summary

2. xxx_pipel_for_pipe2.fas (Input for pipe2)=> Fasta file with microsatellite containing
sequences, longer than a preset limit (-lengtht)iafter adapter clipping; It is the input file
for pipe2.pl

3. xxx_pipel_wov.fas (pipel Length selected fastap Fasta file with sequences longer than
-lenght_limit after the adapter clipping

4. xxx_pipel_ms.csv (pipel Microsatellite positions}> File with information on
microsatellite motifs and positions in each seqesn8emicolons are used for separating
columns

* Columnl: Sequence code
* Column2: number of microsatellites in the sequence
* Columna3: length of the sequence
* Column4: motif of the first microsatellite
* Columnb5: first position of the microsatellite
* Column6: last position of the microsatellite
* Column7: number of repeats of the microsatellite
* Columns4-7 are repeated for all microsatellites
5. xxx_pipel_length_info.tabular (pipel Length info)=> Information on sequence length
and adapter clipping; tab separated columns
* Columnl: Sequence code
* Column2: Original length of the sequence
* Column3: Number of bases cut from the beginninthefsequence
* Column4: Number of bases cut from the end of tlygieece
* Columnb5: Length of the sequence after cutting astApctor

Back to Top
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Output files of PIPE2

File names in Galaxy are in parentheses

1. xxx_pipe2_log.txt (pipe2 Log file)=> Parameters of the run and summary

2. xxx_pipe2_for_pipe3.fas (Input for pipe3)=> Fasta file with all unique sequences
(singletons and consensus); Input file for pipe3.pl

3. xxx_pipe2_singleton.fas (pipe2 Singletorg> Fasta file with singletons (the only BLAST
hit is autohit)

4. xxx_pipe2_nohit_css.fas (pipe2 Nohit CSSp Fasta file with low complexity sequences
(no BLAST hit to itself)

5. xxx_pipe2_multihit_css.fas (pipe2 Multihi) => Fasta file with putatif minisatellites (more
than one hit (local alignement) between a pairegiugnces)

6. xxx_pipe2_grouped.fas (pipe2 Grouped¥> Fasta file with sequences (including
consensuses) that had BLAST hit to other sequengessbellow limit identity of the
overlapping region. It can be either a partial &nitly (only a region of the two sequences
can be aligned), or a the two sequences are aligribeir entire length, but the percentage
of similarity is bellow limit. Regions covered by BST hits are masked by lower case
letters

7. Xxx_pipe2_consensus .fas (pipe2 Consensgs) Fasta file with all unique (no hit to
grouped sequences) CONSensus sequences;

Sequence code is a format of cons_grX_Y, wheretRagdentifier of a contig, and Y is the
number of sequences in the contig. If microsagepiblymorphism is detected the sequence
identifier is followed by space and the microsateknotif and its first and last position.

8. xxx_pipe2_cons_subs.fas (pipe2 Cons+readsy Fasta file with consensus + aligned reads
to make a consensus

Back to Top

Output files of PIPE3

File names in Galaxy are in parentheses

1. xxx_pipe3_log.txt (pipe3 Log file)=> Parameters of the run and summary
2. xxx_pipe3_targets.fas (Sequence with primers)> Sequences with successful primer
design
3. xxx_pipe3_primers.tabular (Table with primers) => Information on primers, target
regions, primers...
« SEQUENCE_CODE: Original codes for singletons anascgrX_Y codes for
consensus sequences
* NUMBER_OF_READS: The number of reads underlyingdbguence. 1 for
singletons, >1 for consensus.
» TARGET_REGION_FIRST_POS: First position of targagion in the sequence
* TARGET_REGION_LENGTH_IN_BP: Length of the targegin in base pairs. If
there is only one microsatellite targeted, thegtrggion covers the microsatellite
(compound or pure). Otherwise the target inclutlestwo most distant target
microsatellites and the sequence between them.
* TARGET_MS_LENGTH_IN_REPEAT_NUMBER: Length of theget
microsatellite in repeat number. If microsatelig&eompound, it is the number of
repetition in the longest uninterrupted stretclihéfre are more than one
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microsatellites in the target region, target M irgfers to the longest (in repeat
numbers) of the target microsatellites.

« NUMBER_OF_MS: The number of microsatellites in tagget region. 1 for one
pure microsatellite, 1.5 for one compound micrdftge>1.5 the number of
microsatellites (regardless whether pure and comgou

* MOT_TRANS: Repeat motif type, where circular perations and their reverse
complementary sequences are pooled (e.g. AC nef&€, CA, TG, GT). If there
are more than one microsatellite in the targetoregi refers to the longest (in repeat
numbers) of the target microsatellites.

+ TARGET_REGION_SEQ: Sequence of the target regidiowsd in the
read/consensus

* POLYMORPH: If polymorphism is detected, then thpaat motif and its position is
indicated. NA for singletons, NO if the MS has #ane length in all reads of a
consensus.

* ONE_PRIMER_FOR_EACH_SEQ: Only one primer is seled¢te each sequence.
Selecting lines with 1 in this column gives theatatumber of sequences with
primers. The selection between the “best primerspaif each target region is based
on the number of microsatellites in the targetoeNUMBER_OF_MS; the lowest
the better) and the length of the microsatellite
(TARGET_MS_LENGTH_IN_REPEAT_NUMBER,; the highest thetter). This
ordering is based on lab tests of PCR successmat@olymorphism of different
primers (Meglecz et al. Submitted).

* ONE_PRIMER_FOR_EACH_TARGET_REGION: Only one pringeselected for
each target region. Selecting lines with 1 in dakimn gives the total number of
target regions with primers. There can be more trantarget region per sequence,
so some of the markers are strongly linked. Thecsieh is based on the alignment
score between the primers and the amplicon (PCRVIERI ALIGNSCORE; the
lowest the better), on the distance between prandrthe target region
(MIN_PRIMER_TARGET _DIST,; the highest the betterfdahe size of the PCR
product (PCR_PRODUCT _SIZE; the lowest the betilinjs ordering is based on
lab tests of PCR success rate of different prirfidiesglecz et al. Submitted)

* PCR_PRIMER_ALIGNSCORE: The maximum alignment sdmtveen the
primers and the sequence (excluding primers; fremsign 3.1.2) The maximum
alignment score between the primers and the ampégcluding primers (versions
3.1and 3.1.1)

* MIN_PRIMER_TARGET_DIST: The smallest distance betw¢he 3' end of the
two primers and the target region. If primer(s) chanore than once the sequence,
the distance is calculated for the annealing $iteer to the target region.

* PCR_PRODUCT_SIZE: PCR product size in bp inclugingers. If primer(s)
match more than once the sequence, the size @irtbest PCR product size is given
here.

* PCR_PRODUCT_SEQ: Sequence of amplicon includingens. If primer(s) match
more than once the sequence, the longest PCR ptrisdgigen here.

* PRIMER_LEFT_SEQUENCE:

* PRIMER_RIGHT_SEQUENCE:

* PRIMER_LEFT_DIST_FROM_MS: Distance between thedaldS and the left
primer in bp.

* PRIMER_RIGTH_DIST_FROM_MS: Distance between thgeaMS and the right
primer in bp
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PRIMER_LEFT_FIRST_POS: 5’ end position of the [@fimer in the sequence
PRIMER_LEFT_LENGTH: in bp

PRIMER_RIGHT_FIRST_POS: 5’ end position of the tighimer in the sequence
PRIMER_RIGHT_LENGTH: in bp

PRIMER_LEFT_TM: Annealing temperature of the lefinper; see documentation
of Primer3

PRIMER_RIGHT_TM: Annealing temperature of the righimer; see
documentation of Primer3

PRIMER_LEFT_END_STABILITY: see documentation ofiRar3
PRIMER_RIGHT_END_STABILITY: see documentation ofrRer3
PRIMER3_PENALTY: Primer pair penalty (see documgateof Primer3)
DESIGN: guides for target region complexity

Homopalymer Other target Nanosatellite Target
; allowed in the microsatellite Nanosatellite allowed in microsatellite

Design ; ; . . . A .

flanking and in  jallowed in allowed in primer|flanking (not in  |can be

primer*® flanking region primer) compound
A
B + +
C 4 £ s
o + . +
E + +
F + +
G + + + + 3+

+ allowed, but not necessarily present; - not adldw

SEQUENE_LENGTH: Length of the read or consensus

SEQUENCE: the whole sequence with homopolymersanend nanosatellites
printed in lower case

CONTIG_CODE (If contig = 1): id of the contig

FIRST_POS_ON_CONTIG (If contig = 1): First positiohthe extracted fragment
on its contig. These last two columns help to awhidosing markers too close to
each other on the same contig

Output files of PIPE4

File names in Galaxy are in parentheses

1. xxx_pipe4_log.txt (pipe4 Log file)=> Parameters of the run and summary
2. Xxx_pipe4_primers.tabular (Table with primers, RepatMasker and NCBI BLAST hit
info) => Same information as in xxx_pipe3_primers.tahuWampleted by

If check_contamination = 1 => Information on thestoleit against the nt database of
NCBI (accesion, description, e-value, score); Gli@sgion taxonomic of the species
of the best hit (Kingdom, Phylum, Class, FamilynGg Species)

If rm = 1 => Information on the best hit to thedrdpersed elements library.
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Trouble shooting

QDD VM does not boot

You followed the installation process describetlere but at point 6 the VM does not boot.
Try to disable the USB2 controller

Open VirtualBox Manager

Select VM

SelectSettings thenUSB

UncheckEnable USB 2.0 (EHCI Controller)
Start VM

agrwnE

Primer3 error message: 'Unable to open file
primer3_config.stack.ds'

QDD is running but you have error messages from pmer3 and no primer is designed

1. Make sure you have set correctely the path tagm3_core(.exe) in the set_qdd_default.ini
file

2. If it does not help, move the primer3_config fido the directory where primer3_core is
found

PCR product size - primer position

PCR product size does not match with primer positios in the sequence

The primer positions are given as it was in thgpoubf primer3. However, in some cases, one or
even both primers can match more than once therlyimiesequence. In these cases, the sequence
of the PCR product (PCR_PRODUCT_SEQ) and the leofgthe PCR product
(PCR_PRODUCT_SIZE) are given for the longest PGilpct. On the other hand, the primer —
target region distance (MIN_PRIMER_TARGET_DISTJyisen for the shortest PCR product. This
decision was based on our lab results were we fthatdonger PCR products and primer pairs
close to the target regions are less likely to gividear genotyping profildleglecz et al. 2014

If primers match more than once the sequence,@® PRIMER_ALIGNSCORE is high, and
these primer pairs are very unlikely to be flaggedhe "best pair” for the sequence
(ONE_PRIMER_FOR_EACH_SEQ).
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