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MGEScan on Galaxy is the latest version of MGEScan to identify long terminal repeats (LTR) and non-LTR retroele-
ments in eukaryotic genomic sequences on a web interface or on a command line. HMMER v3.1b1 and openMPI are
supported for MGEScan-LTR and MGEScan-nonL TR programs so the better performance is guaranteed than previous
version of MGEScan. Cloud image is available on Amazon Cloud (EC2) to utilize on-demand computing resources
for data analysis.

Try MGEScan here: .

Note: Every first Tuesday of the month is a maintenance day on FutureSystems and MGEScan is unavailable until
it’s completed.

The documentation provides basic tutorials of using MGEScan on Galaxy Workflow system and additional information
such as installation and use of MGEScan on Amazon Cloud (AWS EC2).
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CHAPTER 1

QuickStart

MGEScan, identifying LTR and non-LTR in genome sequences are available on the Galaxy scientific workflow which
is a web-based workflow software to support data analysis with various tools.

1.1 Overview

This tutorial demonstrates a quick start of using MGEScan on Galaxy workflow with a sample dataset, D. melanogaster
genome. A public server at Indiana University (http://silo.cs.indiana.edu:38080) provides sample datasets and MGES-
can tools to try MGEScan on Galaxy without installation hassle.

Tip: Approximate 3 hours and 30 minutes (including 3 hours computation time)

1.2 Run MGEScan-LTR and MGEScan-nonLTR for D. melanogaster

In this tutorial, we will try to run both MGEScan-LTR and MGEScan-nonLTR with D. melanogaster genome dataset.
You can find the dataset at the Shared Data menu on top and MGEScan tools on the left frame.

1.2.1 Access to Galaxy/MGEScan

Open Galaxy/MGEScan at your web browser:
* http://silo.cs.indiana.edu:38080
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B Galaxy / MGEScan - o
4> ||+ = mepysito.cringiana.cdu:35060 & ] [Qr Google. O -
e (0§ Apple Yahoo! GoogleMsps YouTube Wikipedia News (10) ¥ Popular

Galaxy / MGEScan
Tools & | warning: Intermet Explorer is not supported. Try Firefox, Gooale Chrome, Safari ar ather browser “! History o
h took 8.
search tooks ©  MGEScan on Galaxy Workflow System <@
[ WiEScan is now avaisble on & Galary verklaw system fas idencifying Long serminal repests (LTR) snd nen-ITR ressmelensats in cukaryssic gencmic ssquesces. Nith a Galsxy acienvific werkflow systes, Unnamed history
- MGEScan becomes eAILEr TO WARAGE iNPUT and OUTHUT data through it3 rich snd flexible web interface. UCSC Table Erowser, ENA Browser or lscal scorsge i3 used ©o cbtain iNPUT gENcaR IEqUENCEd 0 bytes &
Get Data including a craditional file upload. HMMER 3.1b1 13 applied ©o gain speed boodTa compared To a previcus version EMMER 2+. In addition Generic Feature Format Version 3 13 used for vissalizacion of
MGEScan genome sequence data Vi o web-baoed genore browset &.q. UCSC Geneme Drowser or Ensenkl Genome Srowser. (] T ———
BOBLTR load vour own data or get
e M0E3Can 15 al3e eccessible throngh Amaon Clond (EC2), Glaxy Tosl Shed ox Published Horkflow on the public gelesy server (usegslexy.ces) ]
GALAXY TOOLS MGEScan on Ga o for 0. mainogasien
Text Manipulation
Cenyert Formats
NGS: Mapping
NGS: Simulation :
Identifying retrotransposons in genome
Developed and [] 3t Indi e N, USA.
Quick Start
Upload vour input data via ‘Get Data’
Open MGEScan > MGEScan
Select your input genome data to run MGEScan
Select programs either both, LTR, or nonLTR
Click "Execute’ to run MGEScan
Tutorial
First step of how to use MGEScan on Galaxy
MGEScan on Amazon Cloud [EC2!
Source (github): hitps./latthub com/MGEScan/maescan
< Citatinn o >

1.2.2 Login or Register (Optional)
You can save your work if you have account on Galaxy workflow. The user-based history in Galaxy/MGEScan stores

your data and launched tasks. The guest user account is able to run the MGEScan tools without the login but results
or history data won’t be saved if the web browser session is closed.

Register

Email address is required to sign up.

* http://silo.cs.indiana.edu:38080/user/create
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Analyze Data User-

Email address: N
Unnamed |

Password: 0 bytes
) This hi
Confirm password: load v
from al

Public name:

Your public name is an identifier that will be used to generate addresses for
information you share publicly. Public names must be at least four characters in
length and contain only lower-case letters, numbers, and the '-' character.

Submit

Login

If you already have an account, you can use your user id and password at the User > Login page.

* http://silo.cs.indiana.edu:38080/user/login

Logn BT

) Register
Email address: | e =
Unnamed h
Password: 0 bytes
Forgot password? Reset here ﬂ This hi:
load yo
from ar

Login

1.2.3 Get Dataset from Shared Data

You can find sample datasets (e.g. D.melanogaster) at Shared Data menu on top. Click “Shared Data” > “Data
Libraries” and find “Sample datasets for MGEScan”.

* http://silo.cs.indiana.edu:38080/library/index

1.2. Run MGEScan-LTR and MGEScan-nonLTR for D. melanogaster 5
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1.2.4 Example: Drosophila melanogaster

In the Data Library, enable the checkbox for d.melanogaster and click “Select datasets for import into selected
histories” from the down arrow at the end.

Data Library “Sample datasets for MGEScan”

Name
~I P [ C.intestinalis =
V| [~ d.melanogaster

Select datasets for import into selected histories |
View information —

) TIP: You can download individual library datasets by selecting "“Download this dataset” from

You will find 8 fasta files are available. We need to import all of them, make them all checked and click “Import library
datasets” in the middle of the page.

Import library datasets into histories

Drosophila_melanocgaster.BDGP6.dna.chromosome.2L.fa Destination Histories:
Drosophila_melanogaster BDGP6.dna.chromosome.2R.fa 1: Unnamed history (current history) E
Drosophila_melanogaster.BDGP6.dna.chromosome.3L.fa Choose multiple histories
Drosophila_melanogaster BDGP6.dna.chromosome.3R.fa
Drosophila_melanogaster. BDGP6.dna.chromasome.4.fa
Drosophila_melanogaster BDGPE.dna.chromosome X.fa New history named:
Drosophila_melanogaster BDGPG.dna.chromosome.Y fa

Drosophila_melancgaster.BDGP6.dna.chromosome.dmel_mitochondrion_genome.fa

Import library datasets

Once you imported the D. melanogaster datasets into your history, you are ready to run MGEScan tools on Galaxy.
Go to the main page, and checkout imported datasets (8 files) on the right frame of the page.

Note: You can select where datasets to be imported.

1.2.5 Run MGEScan for LTR and nonLTR

In the new version of MGEScan, two programs, MGEScan-LTR and MGEScan-nonL’TR, can be ran at the same time
with a merged result. Open the page at “MGEScan > MGEScan”, a simple tool is available for LTR and nonLTR
executions with MPI option for parallel processing.

Note: Find LTR or nonLTR page if you’d like to choose other options to run MGEScan tools in detail.

1.2.6 Create a single link to multiple inputs

In the example of d. melanogaster, we have 8 fasta files as its sequences. To analyze them all at the same
time, we create a single link to the files prior to running MGEScan tool on Galaxy. One archive file to many files (e.g.
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file.tar) will be used as an input of MGEScan tool on Galaxy. Note that Galaxy workflow does not support multiple
arbitrary inputs but this symlink tool allows you to have dynamic inputs as a Galaxy input dataset.

* FInd “Tools > Create a symlink to multiple datasets” on the left frame.

We will add 8 fasta files each by clicking “Add new  Dataset” from  “8:
Drosophila_melanogaster. BDGP6.dna.chromosome.dmel_mitochondrion_genome.fa” to “1:
Drosophila_melanogaster. BDGP6.dna.chromosome.2L.fa” like so:

Create a symlink to multiple datasets (version 1.0.0)

Dataset: [3 &/

8: Drosophila_melanogaster. BDGPG. dna.chromosome.dmel_mitochondrion_genome.fa E
Datasets
Dataset 1

Select: 4 &

7. Dresophila_melanogaster BDGPS.dna.chromosoeme.Y.fa

Remove Dataset 1

Dataset 2

Select: 4 &

&: Drosophila_melanogaster. BEDGPE.dna.chromoscme. X.fa

Remowve Dataset 2

Dataset 3

Select: (8§ &

5: Drosophila_melanogaster. BDGPS.dna.chromosome.4.fa

Remove Dataset 3

Add new Dataset

Make sure you have added all the files without duplication. The added order is not important though. File(s) will be
placed in a same directory without order.

1.2.7 MGEScan Tool

MGEScan runs both LTR and nonLTR with a selected input genome sequence. Find “MGEScan > MGEScan” tool
on the left frame and confirm that the symlink dataset we created in the previous step is loaded in “From” select form

1.2. Run MGEScan-LTR and MGEScan-nonLTR for D. melanogaster 7
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Analyze Data

+

Heos - MGEScan (version 0.0.1)

search tools x ] From: [3 &

17: Create a symlink to multiple datasets on data 2, data 8, and others | =

MGESCAN TOOLS
Get Data MGEScan:
MGEScan [R5 I_—-

MGEScan MGEScan Enable MPI:
nonLTR No v

LTR
Tools

GALAXY TOOLS

Enable MPI

To accelerate processing time, select “Yes” at “Enable MPI” select form and specify “Number of MPI Processes”. If
you have a multi-core system, use up to the number of cores. silo.cs.indiana.edu has 24 cores but we will use 4 in this
tutorial to avoid being a noisy neighbor.

Our options are:
* From: Create a symlink to multiple datasets on data 2 and data 8, and others
* MGEScan: Both
* Enable MPI: Yes
¢ Number of MPI Processes: 4

And click “Execute”.

1.3 Computation Time

Our test case took 3 hours for analyzing LTR and nonLTR of D. melanogaster:
¢ nonLTR: 19 minutes
¢ LTR: 3 hours

e Total: 3 hours

1.4 Results

Upon the MGEScan tools completion, the output files are accessible via Galaxy in gff3 format, a plain text, or an
archived (e.g. tar.gz) file. You will notice that the color of your tools has been changed to green like so:

8 Chapter 1. QuickStart
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History - &

81: MGEScanondatal? @ & x *

1,197 lines, 1 comments
format: gff3, database: dm3

module load openmpi-x86 64 loaded.
# HMMER 3.1b1 (May 2013);
http://fhmmer.org/ selected.

nonltr: starting

nonltr: finishing (elapsed time:
1134.30062985)

Itr: starting

Itr: finishing (elapsed time:
10621.016093)
luflee212imgescan3d/mgescan/mgescar

4 K

26 Z v ®

display at Ensembl Current
display at UCSC main test

1.5eqid 2.5ource 3.Type

track name=LTR description="MGEScan-
chr2L MGEScan_LTR mobile_genetic_
X MGEScan_LTR mobile_genetic_
chr2R  MGEScan_LTR mobile_genetic_
chraL MGEScan_LTR mobile_genetic_
chr2r  MGEScan_LTR mobile_genetic_
L 2

80: MGEScanon data 17 @ 4 %

You can download the output files to your local storage, or get access to Genome Browser with provided links.

1.4. Results 9
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1.4.1 Visualization: UCSC or Ensembl Genome Browser

Your genomic data in a Generic Feature Format Version 3 (gff3) can be displayed by a well known visualization tool
such as UCSC or Ensembl Genome Browser on Galaxy with custom annotations of MGEScan for LTR and nonLTR.
Find the link provided for gff3 to view interactive graphical display of genome sequence data.

1,197 lines, 1 comments
format: Hﬂ‘zi database: dm3

module load openmpi-x86 64 loaded.
# HMMER 3.1b1 (May 2013);
hitp:/fhmmer.org/ selected.

nonltr: starting

nonltr: finishing (elapsed time:
1134.30062985)

Itr: starting

Itr: finishing (elapsed time:
10621.016093)
fuflee212imgescan3d/mgescan/mgescar

4 k

2 & Z - »

display at Ensembl Current
L]
display at UCSC main test

1.5eqid 2.5ource 3.Type

track name=LTR description="BGEScan-
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UCSC Genome Browser (Example View)

| silo.cs.indiana.edu:38080

= Galaxy l MGEScan Analyze Data

Tools

History

MGEScan on Galaxy Workflow System
is a Galaxy based workflow system for MGEScan which is identifying long terminal repeats (LTR) and
non-LTR retroelements in eukaryotic gencomic sequences. With a Galaxy scientific workflow system, use
_MGES®an becomes easier to m and outpu data througl i nd flexible web
i e et .

search tools o 282: MGEScan-LTR on data @ § X
1
98 lines, 1 comments
format: gff3, database: dm3
(hrEL 347940-23 e ? ¥ ; Bt ® chr2L Finding LTRs Finging MEM
—_— = e = e Making bin Finding putative Itr 10000
[ W [ genome.ucsc.edu/cgi-bin/hgTracks?db=dm3&position=chr2L%3A347940-23010203&hgsid=3778... 77 0000 30000 40000 50000 60000

MGESCAN TOOLS

Genomes Genome Browser Tools Mirrors Downloads My Data View About Us 120000 130000 140000 150000

UCSC Genome Browser on D. melanogaster Apr. 2006 (BDGP R5/dm3) Assembly | 200000 210000 220000 230000

3
move [<<e |[ << ][ < [ > J[»> |[>>> ) Z00Min [ 1.5x ][ 3x ][ 10x [ base | Z00M Ut [ 1.5x | [ 3x ][ 10x ][ 100x | 00 250000 260000 270000

chr2L:347,940-23,010,203 22,662,264 bp. | enter position, gene symbol or search terms | \EI

lisplay at UCSC main test
display at Ensembl Current

scale 16 rinf | ana 1.Seqid Z.Source 3.Type
| chral: 5. 606, 006 16,808, aasl 15, aaa, aasl 20,408, aaal ##gff-version 3
User supeliea Track
| User TRACKI 110 0 1w I TIE R T R R (N ITR K TICNC TR T Y chr2l  MGEScan_LTR mobile_genetic_el
Gap Locar ions
| Gap VL chrzl  MGEScan_LTR mobile_genetic_el
FIyBSSE FROTE in-Cooing Genes . .
EnTL| ) aop| Ts| edl thkw] Fez| w2| fu Gm| da| ab| EVF| E4h osel Gli| mdd| btw] hk| HF| del| RelS| chrzlL MGEScan_LTR mobile_genetic_el
Enti| s} aoe) E23| fr| wri| cer| we| emb| ip{ Mos| Cru} Tor| k| mol| twe| Dif| nom| ti| La] DFst] 1] . .
al| a5} opp| tim| do c1| ewa| NE1| d] jp{ Mos| RhS| A1E| He| mol| erp| Dif| bsf| swm| La| DFsi] ] chr2l MGEScan_LTR mebile_genetic_el
CG4213 [ cpe| HRS| or2as| Tew] Doe | ocem| fu2|  sp| mMas| erd| Joes| ue] wor| dac] o1] konp spi| sk2| tsef r] X X
ERIL3S | frrz| Hrs| RoL48| wei| cpr| Sph?| o] stm| Mos| prd| 1ogs| noc| CucEl mad| rood amd| pr| bur| RELS( MGEScan_LTR mobile_genetic_el
alonacfdantin | el s el wed] el i) ool Cund] des| el oes] ospf G1il mad] meril aml o] cer) cral
alpha-RAaptin | Erno) suth  tutli HiS| mmd| ﬁcm\ roze| ven| wgn] Pz o4} ospH e1il mag] kerl oril Cwe]esn]
ebi | Eno| Hrs|  tutl{ mid| eual Uro|  taid Ror| sed bun| kuz|  mol| keix| 1] tos| scw] dia]  tio
CG13598 | Eno) sut) tutli tank| cup| mts| sust| e | skl bun B ics|  mol| 3uxS|  d1] Faf| fbp| cad| tews|
RPLF1 Eno| Fok tut1l| Lam| Tse| Snoo| korr| pim| skl bunf p33R| mol| SuxS| Sot| Irk3| fho| cad| Cuck |
CG11885 | c-cup| okr| Atet| sipl| wee| pes| borr| mpie| crol| Sir2| rk| ck| oni| fus| Irk3| bsh| MEp| RelS|(
G136 Got2| toc] Fsf2| behs| SA) pes| Aloh| EmE| crol| Fect] mek| snal her|  kel| dnt| Hr3s| Cuck|
BESE Gotz| toc| Atet| dsf| Fop| pos| Fee2| Lind| esc| Fect] elB| cchl Cas| Fass| Fax| Hras] meL21|
=< | Got2| roc| Aret| Geok| Wntd| ork| khosp| Mos| me2|  kuz| K[ eni| fus| ham| SRR | Rmet)  ohrs |
cra MFC2| tac| ATeT|  Chok| WATE| DLz pem| Mos | Rape | Kuz' Trus\ Fzu| oua| Scrax| uar»| Ret| RpLE| ormat: Itr.out, database: dm3
cra | Mpips| toc] Tesi|  Geom| wntie| uss| 5| sbo| aret @ kuz|  was| cact| gua|  tun| 10K| ReT)  Spres
CG4164 oreec| rtoc| Dimt| Ucp4c| Greaal mg|  sop| aub| arer) kuz||  wig| cact| 01i] tup| 1ok| Ret) spf4s hr2L Finding LTRs Finging MEM
CO4155 cprd) mad| ERE| Ucp4B| erese| ng| uwipz( aub| arerh secvi| vig| cact| caonf Mak| 1oK| mio|  Spres
004297 | CG4253 | okt| Gsi1] UcpdB| Grask| GIE| ARF| cwet| bur| CAMI| vis| cack| CadN§ Mak| wis) Hio]
co4297 GIWP| E23| ine| chic| Gresk| GIt| Dref| cama| bun| sdati  wig| ohif| CadM | Hak| buwa| Mic|
MED1S GIWF| E23| ine| chic| Grask| GIt| kik| FRt2| bun| Sos| stc| chif| CadW | Side| nek| Mio]
[ bt thoz| Ftea| ine| «chic| Grask| Hnf4| Trei| =salr| bun| tam| =tc| dac] ninab| Ddc| smir| DFS1] —
cht | 07281 Co23| ine| chic| CO6739| raw| Trei| salr|  nukl smgs\ wuri| dac] ceSTSE| fon|  dial  Rels| )
ush | Ueh| secs]  ofz| ifcl  ston] rau]  Surl saim| nub| SmeS| guri] dac] GoS7SS|  fon| Fomp| oG46439 |

Ensembl (Example View)

Using 470.9 ME

History

282: MGEScan-LTR on data ® f &
1

98 lines, 1 comments

ormat: gff3, database: dm3

hr2L Finding LTRs Finging MEM

aking bin Finding putative Itr 10000
20000 30000 40000 50000 60000
70000 80000 90000 100000 110000
20000 130000 140000 150000
60000 170000 180000 190000

BLASTIBLAT | Bkte | Tok | Do | N

Location: 2L:347,840-23,010,203
Location-based displays

|- Whole genome Chromosome 2L: 347,940-23,010,203 240000 250000 260000 270000
~ Chromosome summary
i~ Region overview %
I Region in detail . “
E- Comparative Genomics splay at UCSC main test
Alignments (image) isplay at Ensembl Current
|
Allgpmems 09)#} 1.5eqid 2.Source 3.Type
Region Comparison . 3 § -
Synteny Region in detail & ##gff-version 3
B Genetic Variation chrzl  MGEScan_LTR mobile_genetic_el
Resequencing (52) HB<EES (] [2][2] (] chrél  MGEScan_LTR mobile_genetic_el
M:::I:ge Data L 22,66 Mb Farward sirand —e— chrl MGEScan_LTR mobile_genetic_el
- 080 amadland
5.00 Mo 10.00 Mo 15.00 Mo chr2l  MGEScan_LTR mobile_genetic_el
= Other genome browsers
Ensembl Metazoa 2:;;osammmms (LT AU A N T A A MGEScan_LTR mobile_genetic_el
Nesl FlyBase feature

FlyBase browser

£} Configure this page

Some features are currently hidden, resize to see all «

5.00 Mb 10.00 Mo 15.00 Mo 20.00 M

Il Frotein cooing I Fseucogene
B Ane gene

24 Add your data Gene Legend ormat: ltr.out, database: dm3

hr2L Finding LTRs Finging MEM
aking bin Finding putative Itr 10000

3 Export data.

1.4.2 Additional Options

There are other options to view results on a web interface or local.

12 Chapter 1. QuickStart
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¢ View data: Content of the result file

88: MGEScan on data 17 @ Ij b 4

1,157 lines, 1 comments
format: gff3, database: dm3

module load openmpi-x86_64
loaded.
# HMMER 3.1b1 (May 2013);

¢ Download: Download the file
4£116.09808183)

Itr: starting

Itr: finishing (elapsed time:
20049.5386519)

fufleedl2 /mgescan3/mgescan/mag

4] - .
display at Ensembl Current
display at UCSC main test

Description of tools

Each tool in Galaxy has its description to explain how to use.

1.4. Results
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[ + ‘-_ silo.cs.indiana.edu:38080

Apple Disney ESPN Yahoo!

=_ Galaxy / MGEScan

Tools

search tools [<]

MGESCAN TOOLS
Get Data
Upload File from your computer
UCSC Main table browser
EBI SRA ENA SRA
MGEScan
MGEScan MGEScan
nonLTR
LTR

MGEScan-LTR de novo
identification of LTR retroelements

GALAXY TOOLS

Text Manipulation
Convert Formats

Get Genomic Scores
Multiple Alignments
Metagenomic analyses
FASTA manipulation
NGS: OC and manipulation
NGS: Mapping

NGS: Indel Analysis
NGS: RNA Analysis

NGS: GATK Tools (beta)
NGS: Peak Calling

Analyze Data

Running the program
To run MGEScan-LTR, follow the steps below,

1. Specify options that you like to have:
Check repeatmasker if you want to preprocess
Check scaffold if the input file has all scaffolds.
. Update values:
min_dist: mum distance(bp) between LTRs.
max_dist: maximum distance(bp) between LTRS
min_len_ltr: minimum length(bp) of LTR.
max_len_ltr: maximum length(bp) of LTR.
Itr_sim_condition: minimum similarity(3) for LTRs in an element.
cluster_sim_condition: minimum similarity(%) for LTRs in a cluster
len_condition: minimum length(bp) for LTRs aligned in local alignment.

~

»

Click 'Execute’
mask known repeats other than LTR retrotransposons
identify LTRs

Output

Upon completion, MGEScan-LTR generates a file Itr.out. This output file has informatien about clusters and ceordinates of
LTR retrotransposons identified. Each cluster of LTR retrotransposons starts with the head line of [cluster_number]---------,
followed by the information of LTR retrotranspasons in the cluster. The columns for LTR retrotransposons are as follows.

1. LTR_id: unique id of LTRs identified. It consist of two components, sequence file name and id in the file. For example,
chrl_2 is the second LTR retrotransposon in the chrl file.

2. start position of 5 LTR.

3.

4.

5.

6.

7.

History o6

Unnamed history
22.3 MB

L @ %

Drosophila melanogaster.BDGP5.75.

dna.chromosome.2L.fa

14
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CHAPTER 2

MGEScan Workflow

MGEScan tools for LTR and nonLTR consist of a series of computational steps in Galaxy Workflow. With the drawing
canvas, you can compose sub-processes of MGEScan with other Galaxy tools and run entire workflow applications
(steps) or just find out the details of processes of MGEScan tools. Each application normally has both input and output
connected to the input of the next.

We provide three workflows:
* MGEScan (Both) for identifying LTR and nonLTR
* MGEScan-LTR
* MGEScan-nonLTR

2.1 MGEScan (Both)

This workflow contains 10 steps to run both LTR and nonLTR programs in parallel. Find “MGEScan (Both)” at
Workflow menu on top.

Workflow Canvas | MGEScan (Both)

“\

Create a symlink to multiple x Step 1: forward strand x Step 3: backward strand x Step 4: Validating Q Value x Step S goff converter x Concatenate datasets X

datasets £ £ £ | P o

rom rom rom tr.out oncatenate Dataset
nonLTR

Dataset
nonltr_forward_strand (tabular) nonltr_backward_strand (tabular) From output (gff3) Dataset 1 > Select

out filel
- output (tabular) J out_filel

Step 2: Reversing Complement % Step 3: Finding Itr X N

From genome sequences Step 4: gff converter x

clade (fasta) output {txt) Itr.out
output (gff3) LTR
step 1: split scaffolds %

From

output (tabular}

2.2 MGEScan-LTR

This workflow contains 3 steps to run the LTR program.

15
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Workflow Canvas | MGEScan-LTR

Step 1: Split scaffolds Step 3: Finding Itr »% Step 4: aff converter
From genome sequences Itr.out
output (tabular) output (txt) > output {gff3)

Step 1: Split scaffolds

» Step 2: RepeatMasker (optional)
* Step 3: Finding Itr

* Step 4: gff converter

2.3 MGEScan-nonLTR

This workflow contains 6 steps to run the nonL’TR program.

Workflow Canvas | MGEScan-nonLTR Lo
Create a symlink to multiple x Step 1: forward strand ® Step 3: backward strand x Step 4: Validating Q Value x Step 5: gff converter %
datasets

From From From Itr.out
Dataset
nonltr_farward_strand (tabular) ¢ nonltr_backward_strand (tabular) From output (gff3)

out_filel e —————————
J output (tabular)

Step 2: Reversing Complement x
From

clade (fasta)

* Create a symlink to multiple datasets
 Step 1: forward strand

* Step 2: Reversing Complement

Step 3: backward strand
¢ Step 4: Validating Q Value

 Step 5: gff converter

2.4 Workflow Canvas

In Galaxy > Workflow > Edit, you can modify or update the MGEScan workflow on Galaxy Workflow Canvas.
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search tools

MGESCAN TOOLS
Get Data
MGEScan
nonlTR

LTR

GALAXY TOOLS

Text Manipulation
Convert Formats

Get Genomic Scores
Multiple Alignments
Metagenomic analyses
FASTA manipulation
NGS: QC and manipulation
NGS: Mapping

NGS: Indel Analysis
NGS: RNA Analysis
NGS: GATK Tools (beta)
NGS: Peak Calling

NGS: Simulation
EMBOSS

RepeatMasker

Workflow control

Inputs

Workflow Canvas | MGEScan

Input dataset x

output

Step 1: Split scaffolds %

output (tabular)

Step 2: Reversing Complement X

From

clade (fasta)

nonltr_forward_strand (tabular)

Using 545.3 MB

£ | Details

No node selected

Step 2: RepeatMasker x

genome sequence

genome sequences (tabular)

repeatmasker results (1abular)

Step 3: Finding Itr %
genome sequences
repeatmasker results

output (tx0) Step 4: gff converter %

x
Itr.out
output (gff3)
Step 4! Validating Q Value %
From
Step 5! off converter X
From
It
x output (tabular)

nonltr_backward_strand (tabular)

output (gff3)

2.5 Registered Workflow in Local

Once you completed composing/updating workflow, you can save your work on local. You can download and store
workflow file on your storage.

2.5. Registered Workflow in Local
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Shared Data -

Published Workflows | hyungro-lee | MGEScan - identifying long terminal repeats (LTR) About this Workflow

~and non-LTH retroelements in eukaryolic genomic sequences @'[E =T
i 5 T i | Author
Galaxy Workflow ' MGEScan - identifying long terminal
repeats (LTR) and non-LTR retroelements in eukaryotic hiingeo-de
genomic sequences’ Related
Workflows
5 All published workflows
Step Annotation Published workflows by hyunagro-lee
Step 1: Input dataset Rating
Input Dataset Community
: (0 ratings, 0.0 average)
salect at runtime
Tags
Step 2: Unknown Tool with id ‘ltr-preprocessing-scaffold’ Community: none
Step 3: Unknown Tool with id 'mgescan-nonltr
Step 4: Unknown Tool with id ‘repeatmasker’
Step 5: Unknown Tool with id *find-ltr
Step 6: Unknown Tool with id ‘ltr-gff’ Vi

2.6 Registered Workflow in Public Server (usegalaxy.org)

Through Galaxy Public Workflow Website, your workflow can be shared with other scientists and researchers. MGES-
can workflow has been registed on https://usegalaxy.org/workflow/list_published.

Published Workflows

mgescan | |search name, annotation, owner, and tags Q

Advanced Search

Name Annotation Owner Community Rating Community Tags Last Updated)

MGEScan - identifying long terminal
repeats (LTR) and non-LTR
retroelements in eukaryotic genomic
sequences

- hyungro-lee Jun 17, 2014

2.7 Overview of MGEScan Workflow (Draft)

The published MGEScan workflow consists of LTR and non-LTR programs in parallel. LTR has four components
including splitting scaffolds, pre-processing by repeatmasker, finding LTRs, and converting results in gff3 format.

Quick Start
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CHAPTER 3

MGEScan Command Line Interface (In Progress)

MGEScan provides Command Line Interface (CLI) along with Galaxy Web Interface. You can run MGEScan-LTR
and MGEScan-nonLTR programs on your shell terminal.

3.1 Installation

If you have installed MGEScan on Galaxy, MGEScan CLI tools are available on your system.

Note: Do you need to install MGEScan? See here for Installation. Follow the instructions except the Galaxy. You
can skip the Galaxy installation if you need MGEScan CLI tools only.

3.2 Usage

Try mgescan —h on your terminal:

(mgescan) $ mgescan -h
MGEScan: identifying ltr and non-ltr in genome sequences

Usage:
mgescan both <genome_dir> [--output=<data_dir>] [--mpi=<num>]
mgescan ltr <genome_dir> [--output=<data_dir>] [-—mpi=<num>]
mgescan nonltr <genome_dir> [—--output=<data_dir>] [--mpi=<num>]
mgescan (-h | —--help)
mgescan —-version

Options:

-h —--help Show this screen.
—--version Show version.
——output=<data_dir> Directory results will be saved

3.3 MGEScan Programs

mgescan CLI tool provides options to run 1tr, nonltr or both programs.
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3.3.1 How to Run

If you need to run MGEScan program to indentify both LTR and non-LTR for certain genome sequences, simply
specify the path where your input genome files (FASTA format) exist with both sub-command.

For example, if you have DNA sequences (FASTA) for Fruitfly (Drosophila
melanogaster) under $SHOME/dmelanogaster directory, and want to save results in the
$HOME /mgescan_result_dmelanogaster, your may run mgescan command like so:

(mgescan) $ mgescan both $HOME/dmelanogaster —-output=$HOME/mgescan_result_dmelanogaster

The expected output message is like so:

ltr: starting

nonltr: starting

nonltr: finishing (elapsed time: 306.881129026)
ltr: finishing (elapsed time: 1306.881129026)

MPI Option

If your system supports a MPI program, you can use ——mpi option with a number of processes. Use half number of
your cores.

Input Files (FASTA)

The input can be a single file with a single sequence or multiple sequences. Store your input DNA sequences in
a same folder and specify the path when you run MGEScan program. For example, if you run the program for D.
melanogaster, you may have sequence files like so:

$ 1s —-al dmelanogaster

total 167564

drwx—————-— 2 mgescan mgescan 4096 Jan 28 23:23
drwx—————— 13 mgescan mgescan 4096 Apr 7 18:45 ..
—rW-—————— 1 mgescan mgescan 23395126 Dec 18 2014 2L.fa
—rw——————— 1 mgescan mgescan 21499210 Dec 18 2014 2R.fa
—rW——————— 1 mgescan mgescan 24952673 Dec 18 2014 3L.fa
—rW-—————— 1 mgescan mgescan 28370194 Dec 18 2014 3R.fa
—rw——————— 1 mgescan mgescan 1374441 Dec 18 2014 4.fa
—rW——————— 1 mgescan mgescan 22796595 Dec 18 2014 X.fa
—rW-—————— 1 mgescan mgescan 2796595 Dec 18 2014 Y.fa

3.3.2 Resulis

Upon the succeessful completion of MGEScan program, several output files are stored in the destination directory that
you specified with ——output parameter. It includes plain text and gff3 files.

ltr.out

MGEScan LTR generates 1t r.out to describe clusters and coordinates of LTR retrotransposons identified. Each
cluster of LTR retrotransposons starts with the head line of [cluster_number]|———, followed by the information of
LTR retrotransposons in the cluster. The columns for LTR retrotransposons are as follows.

1. LTR_id: unique id of LTRs identified. It consist of two components, sequence file name and id in the file. For
example, chrl_2 is the second LTR retrotransposon in the chrl file.
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start position of 5 LTR.
end position of 5 LTR.
start position of 3 LTR.
end position of 3 LTR.
strand: + or -.

length of 5 LTR.
length of 3 LTR.

® Nk wN

9. length of the LTR retrotransposon. 10.TSD on the left side of the LTR retotransposons. 11.TSD on the right side of
the LTR retrotransposons. 12.di(tri)nucleotide on the left side of SLTR 13.di(tri)nucleotide on the right side of SLTR
14.di(tri)nucleotide on the left side of 3LTR 15.di(tri)nucleotide on the right side of 3LTR

Sample output of 1t r.out for D. melanogaster

ltr.out

gff3

3.3. MGEScan Programs 21
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CHAPTER 4

MGEScan on Galaxy Installation

MGEScan on Galaxy can be installed on a local machine or on the cloud e.g. Amazon EC2. The local installation is
for Ubuntu 14.04+ distribution. Others (e.g. OpenSUSE, Fedora) are not verified.

Tip: approximate time: 20 minutes

4.1 Preparation

There are required software to be installed prior to run MGEScan. You need to install system packages with sudo
command (admin root privilege is required). virtualenv is used for Python package installation.

* root privilege to install packages with sudo

4.2 Quick Installation

One-liner command provides a quick installation of required software and configuration.

Warning: This one-liner installation script runs several commands without any further confirmation from you. If
you’d like to verify each step, skip this quick installation and follow the installation instuctions below.

curl -L https://raw.githubusercontent.com/MGEScan/mgescan/master/one—liner/ubuntu | basﬁ

Start a Galaxy/MGEscan web server with a default port 38080.

source ~/.mgescanrc
cd $GALAXY_HOME
nohup sh run.sh &

Note: RepeatMasker is not included.

Note: Default admin account is mgescan_admin@mgescan.com. Sign up with this account name and your
password.
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4.3 Normal Installation

4.4 Software for Python

If virtualenv, git, and python-dev are available on your system, you can skip this step.

Ubuntu

sudo apt—-get update
sudo apt—-get install python-virtualenv python-dev git -y

Fedora

sudo yum update
sudo yum install python-virtualenv python-devel git -y

4.5 Environment Variables

MGEScan will be installed on a default directory $SHOME /mgescan3. You can change it if you prefer other location
to install MGEScan.

export MGESCAN_HOME=$HOME/mgescan3

export MGESCAN_SRC=$SMGESCAN_HOME/src

export GALAXY_ HOME=$SMGESCAN_HOME/galaxy

export TREF_HOME=$MGESCAN_HOME/trf

export RM_HOME=$MGESCAN_HOME/RepeatMasker

export MGESCAN_VENV=$MGESCAN_HOME/virtualenv/mgescan

Tip: MGEScan on Galaxy uses version 3 in the naming like mgescan3.

Create a MGESCan start file .mgescanrc

cat <<EOF > $HOME/.mgescanrc

export MGESCAN_HOME=\S$HOME/mgescan3

export MGESCAN_SRC=\S$MGESCAN_HOME/src

export GALAXY_HOME=\S$MGESCAN_HOME/galaxy

export TRF_HOME=\S$MGESCAN_HOME/trf

export RM_HOME=\S$MGESCAN_HOME/RepeatMasker

export MGESCAN_VENV=\$MGESCAN_HOME/virtualenv/mgescan
EOF

Then include it to your startup file (i.e. .bash_profile).

echo "source ~/.mgescanrc" >> S$SHOME/.bash_profile

Create a main directory.

source ~/.mgescanrc
mkdir $SMGESCAN_HOME

4.6 Software for MGEScan

Galaxy Workflow, HMMER (3.1b1), EMBOSS Suite and TRF are required. RepeatMasker is optional.

24 Chapter 4. MGEScan on Galaxy Installation




MGEScan Documentation, Release 0.1

4.6.1 Galaxy

Tip: Make sure that SMGESCAN_HOME is set by echo $MGESCAN_HOME command. If you don’t see a path
similar to /home/ . . . /mgescan3/, you have to define environment variables again.

From Github repository (source code):

cd $SMGESCAN_HOME
git clone https://github.com/galaxyproject/galaxy/

4.6.2 HMMER and EMBOSS

If you have HMMER and EMBOSS on your system, you can skip this step.
Ubuntu

sudo apt-get install hmmer emboss -y

Fedora

* HMMER v3.1b2

sudo yum install gcc -y

wget ftp://selab.janelia.org/pub/software/hmmer3/3.1b2/hmmer-3.1b2-1linux-intel-x86_64.t3
tar xvzf hmmer-3.1b2-linux-intel-x86_64.tar.gz

cd hmmer-3.1b2-linux—-intel-x86_64

./configure

make

make check

make install

« EMBOSS 6.6.0 (latest)

wget ftp://emboss.open-bio.org/pub/EMBOSS/emboss-latest.tar.gz
tar xvzf emboss-latest.tar.gz

cd EMBOSS—*

./configure

make

make check

make install

4.6.3 Open MPI

Ubuntu

‘sudo apt-get install openmpi-bin libopenmpi-dev -y

4.6.4 Virtual Environments (virtualenv) for Python Packages

It is recommended to have an isolated environment for MGEScan Python libraries. virtualenv creates a separated space
for MGEScan, and issues from dependencies and versions of Python libraries can be avoided. Note that you have to
be in the virtualenv of MGEScan before to run any MGEScan command line tools. The following commands create a
virtualenv for MGEScan and enable it on your account.

4.6. Software for MGEScan 25
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mkdir -p S$SMGESCAN_VENV

virtualenv S$SMGESCAN_VENV

source S$MGESCAN_VENV/bin/activate

echo "source S$MGESCAN_VENV/bin/activate" >> ~/.bash_profile

Note: Skip the last line echo "source ...",if you'd like to enable mgescan virtualenv manually.

4.6.5 Tandem Repeats Finder (trf)

trf is a single binary executable file to locate and display tandem repeats in DNA sequences. MGEScan-LTR requires
trf program.

mkdir -p $TRF_HOME
wget http://tandem.bu.edu/trf/downloads/trf407b.1linux64 -P $TRF_HOME

4.6.6 RepeatMasker (Optional)

RepeatMasker is a program that screens DNA sequences for interspersed repeats and low complexity DNA sequences.
MGEScan-LTR has an option to use RepeatMasker.

mkdir S$RM_HOME

wget http://www.repeatmasker.org/RepeatMasker-open-4-0-5.tar.gz
tar xvzf RepeatMasker-open-4-0-5.tar.gz

mv RepeatMasker/* S$RM_HOME

1n -s S$SRM_HOME/RepeatMasker S$MGESCAN_VENV/bin/

4.7 MGEScan Installation

MGEScan can be installed from Github repository (source code):

cd SMGESCAN_HOME

git clone https://github.com/MGEScan/mgescan.git
1ln -s mgescan src

cd $SMGESCAN_SRC

python setup.py install

4.8 Configuration

4.8.1 Virtual Environments (virtualenv)

Make sure you have loaded your virtual environment for MGEScan by:

’source SMGESCAN_VENV/bin/activate

You will see (mgescan) label on your prompt.
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4.8.2 Galaxy Configurations for MGEScan

MGEScan github repository contains codes and toolkits for MGEScan on Galaxy. Prior to run a Galaxy Workflow
web server, the codes and toolkits should be installed in the galaxy main directory.

‘cp -pr $MGESCAN_SRC/galaxy-modified/ S$GALAXY_ HOME

4.8.3 trf

To run t r £ anywhere under mge scan virtualenv, we create a symlink in the bin directory.

In —-s STRF_HOME/trf407b.linux64 SMGESCAN_VENV/bin/trf
chmod 700 SMGESCAN_VENV/bin/trf

4.8.4 RepeatMasker

RepeatMasker also requires configuration.

Ubuntu

cd S$RM_HOME
SRM_HOME/configure

Fedora

sudo yum install perl-Data-Dumper perl-Text-Soundex -y
cd $RM_HOME
SRM_HOME/configure

Outputs like so:

RepeatMasker Configuration Program

This program assists with the configuration of the
RepeatMasker program. The next set of screens will ask

you to enter information pertaining to your system
configuration. At the end of the program your RepeatMasker
installation will be ready to use.

<PRESS ENTER TO CONTINUE>

4.8.5 Galaxy Admin User

Declare your email address as a Galaxy admin user name.

‘export GALAXY_ADMIN=mgescan_admin@mgescan.com

Warning: REPLACE mgescan_admin@mgescan.com with your email address. You also have to sign up
Galaxy with this email address.

sed —-i "s/#admin_users = None/admin_users = S$SGALAXY_ADMIN/" $GALAXY_HOME/universe_wsgi.ini
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4.9 Start Galaxy

Simple run. sh script starts a Galaxy web server. First run of the script takes some time to initialize database.

cd SGALAXY_ HOME
nohup sh run.sh &

Note: Default port number : 38080 http://[IP ADDRESS]:38080
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CHAPTER 5

MGESCan on Amazon Cloud (EC2)

With Amazon Cloud Web Services, a virtual single or distributed system for MGEScan can be easily deployed. MGES-
can (Amazon machine image ID: ami-10672b7a on ‘US East’ region) is available to create our Galaxy-based system
for MGEScan which is identifying long terminal repeats (LTR) and non-LTR retroelements in eukaryotic genomic
sequences. More cloud options will be available soon including Google Compute Engine, Microsoft Windows Azure
or private cloudplatforms such as OpenStack and Eucalyptus.

5.1 Deploying MGEScan on Galaxy

First step is getting an Amazon account to launch virtual instances on Amazon [aaS platform EC2.

5.1.1 AWS EC2 Account

If you already have an account of Amazon AWS EC2, open AWS Management Console to launch our MGEScan
image on EC2. Otherwise, create an AWS Account.

* http://aws.amazon.com

29


http://aws.amazon.com

MGEScan Documentation, Release 0.1

& ® ® " jj Amazon Web Services (¢

LB B W (| aws.amazon.com

My Account / Console ~ English «

amazon

web services AWS Management Console
My Account
AWS Products & Solutions ~ Billing & Cost Management tuPpPort ~

Security Credentials

/

Registration

Now Open AWS

Mjnvent

Amazon Web Services' global Novermnber 11 - 14, 2014 | The Venetian - Las Vegas, NV
customer and partner conference

Learn more and register » \

\ Get Started for Free Launch virtual machines and apps in minutes.

T — R
| htps:/ [console.aws.amazon.com/Tncl=h_m_mc

5.1.2 MGEScan Machine Image

In AWS Management Console, open EC2 Dashboard > Launch Instance. To choose an Amazon Machine Image
(AMI) of MGEScan, select Community AMIs on the left tab, and search by name or id, e.g. mgescan or ami-10672b7a.
(US East Region Only)

iﬁ AWS ~ Services dit Minsu +  N. Virginia v  Support v

1. Choose AMI 2 Choose Instance Type 3 Configure Instance 4 Add Storage 5 Tag Instance 6. Configure Security Group 7. Review

Step 1: Choose an Amazon Machine Image (AMI) s

An AMI is & template that contains the software configuration (operating system. application server, and applications) required to launch your instance. You can  ~
select an AMI provided by AWS, our user community, or the AWS Marketplace; or you can select one of your own AMIs.

Quick Start 110 2 of 2 AMIs
Q, mgescan b ¢
My AMIs
A mgescan_04dec2015 - ami-10672b7a m
AWS Marketplace £
Root device type: ebs  Vfirtualization type: hvm B4-bit

Community AMis

A MGEScan - ami-394ebd52 m

¥ Operating system =
P g8y MGEScan on Galaxy for identifying LTR and nonLTR

- 64-bit
Ll Amazon Linux Root device type: ebs  Virtualization type: hvm
I cent 0S wt
" Debian O
| Fedora
| Gentoo N -
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MGEScan EC2 Image Information

* Region: US East
* Image Name: MGEScan
ID: ami-10672b7a

* Server type: 64bit
* Description: MGEscan on Galaxy for identifying LTR and nonL.TR
* Root device type: ebs

* Virtualization type: hvm

5.1.3 Choose an Instance Type for MGEScan Instance

Once you choose MGEScan image as a base image, you need to select the size of instance. t 2. micro uses 1 vCPUs
and 1 GB memory which is in free tier. Ohter options are available to have large instance e.g. 40 vCPUs. Click
Review and Launch icon at bottom of the page.

Tip: t2.micro: (Variable ECUs, 1 vCPUs, 2.5 GHz, Intel Xeon Family, 1 GiB memory, EBS only)

ﬁ AWS ~ Services ~  Edit ~ Minsu ~  N. Virginia v Support ~

1. Choose AMI 2.Choose Instance Type 3. Configure Instance 4. Add Storage 5. Tag Instance 6. Configura Security Group 7. Review

Step 2: Choose an Instance Type

Amazon EC2 provides a wide selection of instance types optimized to fit different use cases. Instances are virtual servers that can run applications. They have
varying combinations of CPU, memory, storage, and networking capacity, and give you the flexibility to choose the appropriate mix of resources for your
applications. Learn more about instance types and how they can meet your computing needs

Filter by: All instance types v Current generation v Show/Hide Columns

Currently selected: t2.micro (Variable ECUs. 1 vCPUs, 2.5 GHz. Intel Xeon Family, 1 GiB memory. EBS only)

Feoiily -~ Type - wCPUs (i) ~ Memory (GiB) - '““T(';CB‘; S_‘;’_fﬂge " ii}i':;t’i_‘.ie_d . Peﬁ;;‘:s;z i
a General purpose 1 1 EBS only - Low to Moderate
General purpose t2.small 1 2 EBS only = Low to Moderate
General purpose 12 medium 2 4 EBS only - Low to Moderate
General purpose 12 large 2 8 EBS only = Low to Moderate

=

Cancel Previous Review and Launch Next: Configure Instance Details

5.1.4 Security Group for Web

MGESscan / Galaxy uses 38080 default web port. We need to add a rule to have this port opened on the new instance.
There are a few steps you have to follow.
* Find “Security Groups” section and click “Edit security groups”. “Create a new

security group” is selected as a default with a 22 SSH port opened to anywhere.
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* We will add 38080 tcp port. Click “Add Rule” and type 38080 in the “Port Range” input box.
¢ Don’t forget to update “Source” to “Anywhere” from “Custom IP”.

* Once you're done, click “Reivew and Launch”.

¢ Click “Launch” again.

* Choose a SSH keypair from existing or new one.

* Click “Launch Instance” and wait.

¢ Find out public IP address and open a web browser with the address. e.g. http://[IP address]:38080 Don’t forget
the port number 38080

AWS -~ Services v N. Virginia +  Support v

1. Choose AMI 2. Choose Instance Type 3. Configure Instance 4. Add Storage 5.Tag Instance 6. Configure Security Group

=~

R

@

view

Step 6: Configure Security Group

A security group is a set of firewall rules that control the traffic for your instance. On this page. you can add rules to allow specific traffic to reach your instance.
For example, if you want to set up a web server and allow Internet traffic to reach your instance, add rules that allow unrestricted access to the HTTP and HTTPS
ports. You can create a new security group or select from an existing one below. Learn more about Amazon EC2 security groups.

Assign a security group: ®Create a new security group

Select an existing security group

Security group name: __Iéunc'h-_\.n-'i_zard-ﬂ_
Description:  [launch-wizard-1 created 2015-12-10T15:44.15.865+05:00

Type (i Protocol (i Port Range (i Source (i

[ssH v TCP | [z | [Anywhere v|[0.0.0.0/0 Q
Custom TCP Rule v TCP [2@0a0 | [anywhere +|[0.0.0.0/0 o
Add Rule

A Warning
Pnlac with ennrra nf 0N N NN alinwe all 1D addrececac tn arrace ynir inetanra \Wa rarnmmand cattinn carurituy arnnn ralae tn allnw arrace frnm i

Cancel Previous Review and Launch
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ii AWS ~ Services «» | N.Virginia ~ Support +

EC2 Dashboard : [ETLCORNE =TT Connect | Actions v )

Events 1 A

Tags Q and atirit (2] 1to10f1

Reports

Limits @ Name -~ Instance ID +~ Instance Type - Availability Zone ~ Instance State ~ Status Checks ~ Alarm Statu
= CES [ ] i-fd7afbdb t2.micro us-east-1a @ running @ 2/2checks... None

Instances
Spot Requests
Reserved Instances

Commands
[ 3
Dedicated Hosts
Instance: | i-fd7afb4b Public DNS: ec2-52-90-126-T9.compute-1.amazonaws.com _ =]
AMls Description Status Checks | Monitoring Tags

Bundle Tasks

Instance ID  i-fd7afbdb Public DNS  ec2-52-50-126-
5 E——
=] EL 79.compute-
Volumes o8, 1.amazonaws.com
Snapshots Instance state  running Public IP 2.90.126.79
Instance type  t2 micro astic
= 73 Private DNS  ip-172-31-14- Availability zone ~ us-east-1a

Security Groups 194 ec2 intemnal

Elastic IPs Private IPs 1723114194 Security groups  launch-wizard-1. view
Placement Groups rules

Key Pairs Secondary private IPs Scheduled events Mo scheduled events

Network Interfaces VPCID vpc-6357f307 AMIID  mgescan_D4dec2015

(ami-10672b7a)
Subnet ID  subnet-0835d17e Platform -

5.1.5 Access to MGEScan Instance

Once the MGEScan instance is launched and accessible, galaxy scientific workflow system for MGEScan and SSH
connection are avabilable through given dns name.

% € [ PUBLIC_DNS or PUBLIC IP:38030 TF @l =
= Galaxy / MGEScan Analyze Data shared Data~ telp User - e
Tools — Warning: Internet Explorer is not supported. Try Firefox, Google Chrome, Safari or other History L
browser.
L) : L)
MGEScan on Galaxy Workflow System N
MGESCAN TOOLS : ; i b :
MGEScan is now avaiable on a Galaxy workf low system for identifving long terminal repeats 0 bytes ~
Get Data {LTR} and non-LTR retroelements in eukaryotic genomic sequences. With a Balamey scientific
MGEScan workf low swstem, MGEScan becomes easier to manage input and output data through its rich B This history is empty, You can
nonl IR and flexible web interface. UCSC Table Browser, EM& Browser or local storage is used to load vour own data or get data
e obtain input genome sequences including a traditional file upload. HMMER 3.1b1 is applied from an external source
- to gain speed boosts compared fo a previous wersion HMMER 2+, In addition Generic Feature
Tools Format Version 3 is used for visualization of genome sequence data wia & web-based genome
browser e.g. UCSC Genome Browser or Ensenbl Genome Browser,
GALAXY TOOLS
Text Manipulation MGE3Can is also accessible through Amazon Cloud (EC2), Galawy Tool Shed or Published
Filer and Sork Warkf low on the public galaxy server (usegalaxy.org)
Join, Subtract and Group
Convert Formats MGEScan on Galaxy (Demo for D. mela... 8 =
Extract Features
NGS: QC and manipulation

5.1.6 Ready To Use

The MGEScan is now ready to conduct your experiment on Amazon EC2.
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Note: Do not forget to terminate your virtual instance after all analysis completed. Amazon Cloud charges use of

VM instances hourly.

Terminating AWS Instance:

ii AWS ~ Services v = Minsu ~  N. Virginia v  Support +
EC2 Dashboard = (EMYTAL ST  connect | Actions » > 8 @
Events 4 &
Connect
Tags Q _ _ (2] 1to10f1
Tkl e o Ry
Limits @ Name ey  Launch More Like This Zone ~ Instance State - Status Checks ~ | Alarm Statu
»
=] INSTANCES [ ] i-fd7afbdb T o 5 @ running & 22checks... Naone
Instances Image » Reboot
Spot Requests Networking » Terminate
Reserved Instances CloudWatch Monifonng
Commands
Dedicated Hosts .
= IMAGES Instance: | i-fd7afb4b  Public DNS: ec2-52-90-126-79.compute-1.amazonaws.com _N =l
AMIs
Bundle Tasks Description Status Checks Monitoring Tags
| ELAS TG BLOCk STORE Instance D i-fd7afbdb Public DNS  ec2-52-90-126-
Volumes 79.compute-
Snapshots 1.amazonaws.com
Instance state  running Public IP  52.50.126.79
. - Instance type  t2.micro Elastic IP

Qarariby Cranne

5.2 Note

Add a script to auto-start Galaxy after rebootin /etc/rc.local

‘su ec2-user -c 'source ~/.mgescanrc;cd $GALAXY_HOME;nohup sh run.sh &'
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CHAPTER 6

MGEScan-LTR

MGEScan-LTR program identifies long terminal repeats (LTR). RepeatMasker can be used to identify repetitive ele-

ments in genomic sequences.

J/ =2 Galawy/ MGEScan x §

€« C fi [ silocsindiana.edu26080

-_ Galaxy / MGEScan Analyze Data

Tools

search tools )

MGESCAN TOOLS

Get Data

MGEScan

nonlTR
MGEScan-nonl TR
computational identification
and classification of non-LTR
retrodements

Step 1: forward strand Step 1
of 5: forward strand

Step 2: Reversing
Complement Step 2 of 5:
Reverse Complement

Step 3: backward strand Step
3 of §: backward strand

Step 4: Volidating © Value
Step 4 of 5: Validating Q
Value

: o Step 5
of 5 in MGEScan-nonLTR:
Generate gff3

LIE
MGESCan-LTR de novo

identification of LTR
retroslements

Step 1: Split scaffolds Step 1
of 4 in MGEScan-LTR: Split
into separate sets of scaffolds
of input genome sequences,
if it is necessary.

MGEScan-LTR (version 0.0.1)
From: (3 1
37; MGEScan on data 1

enable repeatmasker, If necessary:
Yes

Use this sption if you are

path for the big file that has all scaffolds:

minimum distance(bp} between LTRs:

2000

maximum distance(bp) between LTRs:

20000

minimum length{bp) of LTR:

130

maximum length(bp) of LTR:

2000

minimum similarity(%o) for LTRs in an element:
70

inimum similarity( %0} for LTRs in a cluster:
70

minimum length{bp) for LTRs aligned in local alignment:

70

Running the program

6.1 Description

~| History =

Unnamed history
90.9 KB =% .

37: MGEScan ondat @ 4 x

= 4 x

;

35: MGEScan on dat @ 4 x

= 4 X

& R

i

32: MGEScan ondat @ 4 x

3LiMGEScan ondat @ 4 X
a1

27: MGESean endat @ 4 x
ag

9: Drosophila mela @ & x
nogaster BOGPS dna.chromoso
me.d.fa

B: Drosophila mela @ # x

nogaster BDGPS dna.chromoss

me.3RHet fa

Z: Drosophila mela @ # x

nogaster BOGPS dna.chromosa
- >

MGEScan-LTR identifies all types of LTR retrotransposons, i.e., young intact, old intact, and solo LTR retrotrans-
posons, without relying on a library of known elements. It uses approximate string matching, protein domain analysis,

and profile Hidden Markov Models to identify intact LTR retrotransposons.

For details, please read following references.

* Rho, M, et al. (2007) De novo identification of LTR retrotransposons in eukaryotic genomes. BMC Genomics,

&, 90.

* Rho, M,, et al. (2010) LTR retroelements in the genome of Daphnia pulex. BMC Genomics, 11, 425.
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6.2 Running the program

To run MGEScan-LTR, follow the steps below,
 Specify options that you like to have:
— Check repeatmasker if you want to preprocess
— Check scaffold if the input file has all scaffolds.

» Update values:

min_dist: minimum distance(bp) between LTRs.

— max_dist: maximum distance(bp) between LTRS

— min_len_Itr: minimum length(bp) of LTR.

— max_len_ltr: maximum length(bp) of LTR.

— ltr_sim_condition: minimum similarity(%) for LTRs in an element.

— cluster_sim_condition: minimum similarity(%) for LTRs in a cluster

— len_condition: minimum length(bp) for LTRs aligned in local alignment.

¢ Click ‘Execute’

6.3 Options

* RepeatMasker: Yes / No
« file path for multiple sequences to divide
* settings for LTRs
— minimum distance(bp) between LTRs
— maximum distance(bp) between LTRs
— minimum length(bp) of LTR
— maximum length(bp) of LTR
— minimum similarity(%) for LTRs in an element
— minimum similarity(%) for LTRs in a cluster

— minimum length(bp) for LTRs aligned in local alignment

6.4 Results

Upon completion, MGEScan-LTR generates a file ltr.out. This output file has information about clusters and co-
ordinates of LTR retrotransposons identified. Each cluster of LTR retrotransposons starts with the head line of
[cluster_number] , followed by the information of LTR retrotransposons in the cluster. The columns for LTR
retrotransposons are as follows.

* LTR_id: unique id of LTRs identified. It consist of two components, sequence file name and id in the file. For
example, chrl_2 is the second LTR retrotransposon in the chrl file.

* start position of 5 LTR.

36 Chapter 6. MGEScan-LTR



MGEScan Documentation, Release 0.1

* end position of 5 LTR.

e start position of 3 LTR.

* end position of 3 LTR.

e strand: + or -.

* length of 5 LTR.

* length of 3 LTR.

¢ length of the LTR retrotransposon.

* TSD on the left side of the LTR retotransposons.
* TSD on the right side of the LTR retrotransposons.
* di(tri)nucleotide on the left side of SLTR

* di(tri)nucleotide on the right side of SLTR

e di(tri)nucleotide on the left side of 3LTR

* di(tri)nucleotide on the right side of 3LTR

6.5 License

Copyright 2015. You may redistribute this software under the terms of the GNU General Public License.

6.5. License
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CHAPTER 7

MGEScan-nonLTR

MGEScan-nonLTR is a program to identify non-long terminal repeat (non-LTR) retrotransposons in genomic se-
quences. A few options are available in the Galaxy workflow system to configure the program settings, e.g. hmmsearch

of protein sequence database with a profile hidden Markov model (HMM).
[/ =2 Galay s MGESCan x - a

&« C f [ silocsindiana.edu:28080 O W=
-_ Galaxy / MGEScan Analyze Data  Workf a su dmin elp Use Using 83.5 MB
1 i ~
Tool L Hist
o0 MGEScan-nonLTR (version 0.0.1) - it} =~
search tools [x) From: 3 (=)
32: MGEScan on data 1 v Unnamed history
MGESCAN TOOLS
et Dat. hmmsearch options e.g. -E 0.00001 reports sequences smaller than 0.00001 E-value threshold in output) : 90.9 KB 40X )
ata
-E 0.00001
— 37: MGEScan on dat @ & %
nonLTR phmm file for RT signal: a1
MGEScan-nonl TR https://raw.githubusercontent.com/MGEScan/mgescan/m
computational identification 36: MGEScan on dat @ 4 x
and classification of non-LTR phmm file for APE signal: al
retroelements https://raw.aithubusercontent.com/MGEScan/mgescan/m 35: MGEScan on dat @ ¢ X
step 1: forward strand Step 1 transeq options: al
of 5: forward strand q options:
34: MGEScan on dat @ & X
Step 2: Reversing atl
Complement Step 2 of 5:
Reverse Complement 33:MGEScanon dat @ & X
a1
Step 3: backward strand Step T
3 of 5: backward strand 32: MGEScan on dat @ & X
a1
Step 4: Validating O Value H =
Step 4 of 5: Validating Q Running the program 31: MGEScan on dat @ & x
Value To run MGEScan-nonLTR, follow the steps below: atl
Step 5: off converter Step 5 1. Select genome files a select box. You can upload your genome files through 'Get Data' at Tools menu bar. 27: MGEScan on dat @ & x
of 5 in MGEScan-nonLTR: 2. Click "Execute’ button. This tool reads your genome files and runs the whole process. =
Generate gff3 —
LR Output 9: Drosophila mela @ & x
o o . nogaster.BDGPS5.dna.chromoso
LT TS Upan completion, MGEScan-nonLTR generates output, "info” in the data directory you specified. In this "info” directary, two sub-directories ("full” and me.d.fa
I "validation”) are generated.
Text Manipulation i
sl lolriaen 8: Drosophila mela @ & x
Convert Formats The "full” directary is for staring sequences of clements. Each subdirectory in "full” is the name of clade. In cach directory of clade, the DNA sequences nogaster.BDGPS.dna.chromoso
NGS: OC and manipulation of nonLTRs identified are listed. Each sequence is in fasta format. The header contains the position information of TEs identified, TR
=i [genome_file_name]_[start position in the sequence]
For example, =chr1_333 means that this element start at 333bp in the "chrt” file. - The "validation" directory is for storing @ values. In the files "en 7: Drosophila mela @ & x
NGS: Simulati " I re =
NGS: Simulation . and "rt", the first column corresponds to the element name and the last column Q value. e, He veiommngll
£ - >

7.1 Description

MGEScan-nonLTR identifies non-LTR retrotransposons based on Gaussian Bayes classifiers and generalized hidden
Markov models consisting of twelve super states that correspond to different clades or closely related clades.

For details, please read following reference.

* Rho, M., Tang, H. (2009) MGEScan-non-LTR: computational identification and classification of autonomous
non-LTR retrotransposons in eukaryotic genomes. Nucleic Acids Research, 37(21), e143.
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7.2 Running the program

To run MGEScan-nonLTR, follow the steps below:
* Select genome files a select box. You can upload your genome files through ‘Get Data’ at Tools menu bar.

* Click ‘Execute’ button. This tool reads your genome files and runs the whole process.

7.3 Options

e hmmmsearch options e.g. -E 0.00001 : reports sequences smaller than 0.00001 E-value threshold in output
* URL of the profile files for RT and APE
* EMBOSS transeq options

7.4 Results

Upon completion, MGEScan-nonLTR generates output, “info” in the data directory you specified. In this “info”
directory, two sub-directories (“full” and “validation™) are generated.

The “full” directory is for storing sequences of elements. Each subdirectory in “full” is the name of clade. In each
directory of clade, the DNA sequences of nonL'TRs identified are listed. Each sequence is in fasta format. The header
contains the position information of TEs identified, [genome_file_name]_[start position in the sequence] For example,
>chrl_333 means that this element start at 333bp in the “chrl” file. - The “validation” directory is for storing Q values.
In the files “en” and “rt”, the first column corresponds to the element name and the last column Q value.

7.5 License

Copyright 2015. You may redistribute this software under the terms of the GNU General Public License.
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CHAPTER 8

Visualization

Galaxy Workflow System helps display results using genome browsers such as UCSC or Ensembl. MGEScan supports

General Feature Format (GFF) to describe genes of MGEScan results so both ltr and non-ltr results can be views via
UCSC Genome Browser or Ensembl.

8.1 UCSC Genome Browser

[ silo.cs.indiana.edu:38080

Galaxy / MGEScan Analyze Data

Tools

History

MGEScan on Galaxy Workflow System

is a Galaxy based workflow system for MGEScan which is identifying long terminal repeats (LTR) and
non=LTR retroelements in eukaryotic genomic sequences. With a Galaxy scientific workflow system, use
of MGESdan becomes easier to Janage input and output data tm:ouqh;.ts rJ.cn and ilexu:le web

| [ search tools Q 282: MGEScan-LTR on data ® { 3¢

1

98 lines, 1 comments

format: gff3, database: dm3

% chr2L Finding LTRs Finging MEM
Making bin Finding putative Itr 10000

MGESCAN TOOLS

UCSC Genome Browser on D. melanogaster Apr. 2006 (BDGP R5/dm3) Assembly | 200000 210000 220000 230000
S— i 240000 250000 260000 270000

e — 280(300 2900

chr2L:347,940-23,010,203 22,662,264 bp. | enter position, gene symbol or search terms | \£| kal © E’g

display at UCSC main rest
display at Ensembl Current

5x || 3x || 10x || Lloox |

chraL (210

Py o ] | ana 2, id 2.Source 3.Ty|
| chral: 5, 806,806 16,808, aasl 15, aga, aasl 28,608, aaal ##gff-version 3
Ussr supeTiea Track
| User TEack 1 0 u Lo i R R T I N TR 1 chrzL MGEScan_LTR mobile_genetic_el
s oo Lacae o [ hr2l  MGEScan_LTR mobil icel
| a0 L chr can_LTR mebile_genetic_e
FIUBSSE FrOTE iN-CO0INg Geres . .
Enet) s) gopl Ts| el thol Pez) sl eyl Gdi|aal k] Etel 84} ospl m.| moy| wtw] hk| HE| del| Rels| chr2l  MGEScan_LTR mobile_genetic_el
Enti| s} aoph E=23| fr| wei| ope| wz| emb|  gp{ mos| Cra) Tor| b Tue| Dif| mem| Ti| La| pesi] o 1r) X X
1| a5 dop| tim| opB c1| ewal NE1| o] dpl Mos| Ree| R1E| He| mm| crp| Dif| BsF| swum| La| DFst| 1] chr2L MGEScan_LTR mobile_genetic_el
©04213 | cpp| Hrs| oresal the] Dor ] oecon| Fus | p{ Mos| prd| doos| ub ] wor| dac] 1] kenp spi| k2| tsei r]
FERILZS | frez| Hrs| ReL48| wri| Cpr| Spn?| o] s2tm| Mos| prd| 1ogs| noc| CucEl madg| rood amd| pr| bur| RELS( chr2L MGEScan_LTR mobile_genetic_el
AIpha-RAZPTIR | Eno| Hrs|  Artz| wei| Tigl Nel| o] und| Mos| Me2| Togs| ospH B1i| mad| Aeet] amd| b | Ret) cta|
AIPha-RAZPEIR | Eno) sut)  tutli HIS| mmd| H:pﬂ rost| Fen| kao| Fkoz| B4R ospH G1i| mad|  kel] arl]  ikz| tsh|
i Eno| Hrs| tutll mid] eya| Uro taif Ror| apd bun|| kuz| mol| heix| d1] tos| sou| dia] tio —
615698 Eno} sut)  tutl{ tomk| cum| mts| aust| rmd| a0 bunf dics|  mol| SuxS| o] Faf| fbe| cad| ttm3| 4
RELFL | Eno| Fek| tut1{ Lam| Tsp| Snea| borr| mpim| sbd bunf p33R| mal| $uxS| Sot| Irkd| fhe| ced| Cuck | 281: MGEScan-LTR on data @ { 3¢
611585 | c-cup| okr| Atet| siol]| wee| pes| korr| pie| crol| sir2| rk|  ck| eni| fws| Irk3| bsh| Mtp|  ReLS( 1
CGi3692 | Gar2| rtac] Fsf2|  bens| SA| pes| Rich| SmE| crol| Fect| bpk| sna| her|  kel| ant| Hras|  cuck | =
B85 | cora| rtac| Aret|  osf| Fep| pos| Fepa| Lipl| esc| Fect| e8| :ch| Cas| Fass| Fax| Hras| Rmel21| 135 lines
ex | Gotz| toc| Ater| Gpan| Wnta| ork| hoip| Mes| me2|  kuz| cni| fus| mam| sHPF| Ret)  onrs|
oo NPC2| roc| Atet|  Gpan| Wnte| D1Z| pelo| Mos| Rabe| kuz | Trus\ fzu| oua| Scpxl bar‘r‘l Ret| RpLs| format: Itr.out, database: dm3
cra | mpips| toc| Tesi|  Gpan| MAtie| USG|  Bka| sbo| sret@  kuz|  was| cact| ous|  Tup| lok| Ret]  Sef4s . )
CO4164 or22c| toc| Diml| Ucpd4C| Gragal Img| sop| auk| aret ) kuz ||  wig| cact| 01i] tup| 1oK| Ret) Ipf4s chr2L Finding LTRs Finging MEM
CE4133 cpra) Mad]| ETe3| UckdB| Grase| Ing| uin2l aub| areth sec?l| wig| cact| CadMl Hak| Tok| Mic| Sef4s a -
Gpiear | cassa| okt ssill UedEl erssol GIT| Fet| Cwet|mun|CeARil wio| cact] cand Nakl vis) il Making bin Finding putative Itr 10000
CE4297 G1uF| E23| ine| chic| Grask| GIt| Dref| cana| bun| adat| wig| chif| CaoM{ Mak| hwa\ Hio|
MEDMS G1uF| E23| ine| chic| Grase| GIt| kik| FRt2| bun| Sos| sto| chif| CaoM{ Side| Hio | ¢ 30000 20000 50000 60000
[ cht tho2| Ftea| ine| chic| Gr2dk| Hnf4| Trei| salr| bun|  tam| stc|  dac] ninab| Ddc| smr| DFs1 | NNAN 2NNANN QNANA 1AANNN 110NN0
P bt | coFesl| cogs| ine| enic| CoevEa] rau| Tepi| =awe| hus| smes| duri| dac] cosiss|  fon|  eia]  Rels M >
ush | ven| secs]  ceal sec]  miom] paul  sur] ssim| nub| smas| guri] dac] oosrss|  fon| Foms| CGA8439 |

8.2 Source Code

In MGEScan source code, 1tr/toGFF.py and nonltr/toGFF.py are used to convert results to GFF format developed by
Wazim Mohammmed Ismail.
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CHAPTER 9

Test Results

Page Contents

* D. melanogaster (dm3)
— Evaluation
— Extra Files
e C. intestinalis (KH)
— Evaluation
— Extra Files
— Extra Files
* D. pulex (GCA_000187875.1)
— Evaluation
— Extra Files

Four sample genomes were tested with MGEScan-LTR and MGEScan-nonL.TR programs.
* Test genome sequences:
— 4. melanogaster (dm3): ucsc
— 3. intestinalis (KH): Ensembl
¢ Test Environment: Cloud instances of FutureSystems at Indiana University (http://futuresystems.org).
* Hardware Spec:
Intel Xeon X5550 2.66GHz
- 8 vCPUs
16 GB DDR3 1333 MHz
160GB 7200RPM SATA

¢ Operating System:
— Ubuntu 14.04 LTS

Test Genome Sequences
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Elapsed Time (hr:min:secd) [Speed up]

_ 1:22:37 [3.89]
(MPI with 4 CPUSs)

0:03:02 [11.14]

Dataset Wer. of MGEScan
Total MNon-LTR LTR
1 34020 5520 24500
d. 2 2:35:04 [1.42] 0:19:30 [2.84) 2:35:04 [1.08]
melanogaster >
_ 1:48:22 [2.03] 0:15:29 [3.57] 1:48:22 [1.52]
(MP with 4 CPUSs)
1 40557 1:08:47 25710
2 23634 [1.56 Orde:20 [1.48 2agad 12
d. pulex [1.36] [1.48] [1.12]
2
_ 1:03:43 [3.84] 0:14:38 [4.7] 1:03:43 [2.76]
(MBI with 4 CPUS)
1 3:18:36 r34:47 44349
40527 1. 0 4 40527 1.
c intestinalis 2 0527 [1.29] 0323 [4.03] 053:27 [1.16]
2

1:22:37 [3.48]

2 1.43
Ave.

278

1.11

2
(MPl with 4 CPUS)

Speed Up 3.26

6.47

2.59

9.1 D. melanogaster (dm3)

* dm3.gff3

e dm3.1ltr.out
e dm3.en

e dm3.rt

9.1.1 Evaluation

Table 9.1: Elapsed time for MGEScan (dm3)

Program Total nonLTR LTR Options
MGEScanl.3.1 3 hrs 40 mins 55 mins (3,320 | 2 hrs 45 mins HMMER?2, no MPI
(13,220 secs) secs) (9,900 secs)
MGEScan2 2 hrs 35 mins (9,304 | 19 mins (1,170 | 2 hrs 35 mins HMMER3.1b1, no MPI
secs) secs) (9,304 secs)
MGEScan2 1 hr 48 mins (6,502 15 mins (929 1 hr 48 mins (6,502 | HMMER3.1b1, MPI with 4
with MPI secs) Secs) secs) processors
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9.1.2 Extra Files

* dm3.tar.gz (Compressed file)

9.2 C. intestinalis (KH)

e KH.
e KH.1ltr
* KH.en

e KH.rt

gff3

.out

9.2.1 Evaluation

Table 9.2: Elapsed time for C. intestinalis

Program Total nonLTR LTR Options
MGES- 5 hours 18 minutes 34 minutes 47 4 hours 43 minutes HMMER 2.3.2, no MPI
canl.3.1 36 seconds seconds 49 seconds
MGEScan2 4 hours 5 minutes 27 | 9 minutes 23 4 hours 5 minutes 27 | HMMER 3.1b1, no MPI

seconds seconds seconds
MGEScan2 1 hour 22 minutes 37 | 3 minutes 2 1 hour 22 minutes 37 | HMMER 3.1b1, MPI with
with MPI seconds seconds seconds 4 processors

9.2.2 Extra Files

e KH.tar.gz

9.2.3 Extra Files

e strPur2.tar.gz

9.3 D. pulex (GCA_000187875.1)

* dpulex

e dpulex

* dpulex.

* dpulex.

.gff3
.ltr.out
en

rt

9.2. C. intestinalis (KH)
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9.3.1 Evaluation

Table 9.3: Elapsed time for MGEScan (dpulex)

Program Total nonLTR LTR Options

MGEScanl.3.1 4 hrs Smins 1hr 8mins 2 hrs 57 mins HMMER 2.3.2, no MPI
(14,697 secs) (4,127 secs) (10,570 secs)

MGEScan2 2 hrs 36 mins 46 mins (2,780 2 hrs 36 mins HMMER 3.1b1, no MPI
(9,414 secs) secs) (9,414 secs)

MGEScan2 1hr 3mins (3,823 15 mins (878 1 hr 3mins (3,823 HMMER 3.1b1, MPI with 4

with MPI secs) secs) secs) processors

9.3.2 Extra Files

* dpulex.tar.gz
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cHAPTER 10

Test Results with Previous MGEScan 1.3.1

. melanogaster: dmelanogaster.old.tar.gz
. pulex: dpulex.old.tar.gz
. intestinalis: KH.old.tar.gz

19.

purpuratus: strPur2.old.tar.gz

47



MGEScan Documentation, Release 0.1

48

Chapter 10. Test Results with Previous MGEScan 1.3.1



CHAPTER 11

Source code

Source code is available at https://github.com/mgescan/mgescan
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