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1. General Information

1.1 Purpose of the Application

OAT (Orthologous Average Nucleotide Identity Tool) uses OrthoANI to measure
overall similarity between two genome sequences. Unlike the original ANI algorithm, it
produces almost identical reciprocal similarities. It has been shown by a large
comparison study, values generated by the original ANI and OrthoANI are comparable.
The proposed cut-off for species demarcation is 95~96% for both OrthoANI and the
original ANI. The detailed algorithm is given in Lee et al.

OAT has an easy to follow Graphical User Interface that allow researchers to
calculate OrthoANI values between genomes of their interest without the need of
dealing with an unfamiliar Command Line Environment.

1.2 Developers

OAT was developed by members of the Laboratory of Evolutionary
Bioinformatics at Seoul National University.

Yeong Ouk Kim, Seoul National Univ.

Imchang Lee, Seoul National Univ.

Sang-Cheol Park, Seoul National Univ.

Jongsik Chun, Seoul National Univ. & ChunLab, Inc.



1.3 Overview

@ OAT version 0.90 - O
Please cite Lee et al. 2015, Manuscript submitted. # % Add genomes (Fﬁse Remave

Eile name Title of the first contig No. of contigs Size (bp) G+C content (%)

Mo content in table

g O Q
%Setﬁngs {i} sk 3y z 2 . Run

Add genome FASTA files as input
Remove genome FASTA files

Table that keeps your input files

Show information about the application
Settings for the Blast program

Change multithreading options

Run the program
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2. Configuration

2.1 Switching the Blast Program

If you wish to use a different Blast version or if you downloaded the Runnable Jar
version of the OAT application (which does not include a Blast program), follow the
instructions provided below. We recommend users to stick with the provided version of
Blast (ncbi-blast-2.2.30+) or a higher version since our application was tested with that
version and versions lower than it may potentially cause malfunctions. If you are using
the Runnable Jar version of the OAT application you can find the appropriate Blast
program for your OS from their website (link).

Ga QAT version 0.90 = =
Please cite Lee et al. 2015. Manuscript submitted. ’ 5 Add genomes (FASTA) 5 Remave
File name Title of the first contig Mo. of contigs Size (bp) G+C content (%)
Mo content in table
1. Click

{mEthreadr 3, ., 5 . feqRen

1. Click the “Settings” button


http://blast.ncbi.nlm.nih.gov/Blast.cgi?PAGE_TYPE=BlastDocs&DOC_TYPE=Download
http://blast.ncbi.nlm.nih.gov/Blast.cgi?PAGE_TYPE=BlastDocs&DOC_TYPE=Download

b4 Settings
BLAST program path (Binary Directory): EJ Werify
blasth,

2. Set the Blast program bin directory by...

A

- ©
2.1 Click and locate the
Blast bin directory

2.2 €Hckfo revert back to
the default tocation

2.1 Click the “Edit” button to locate your Blast program’s bin directory
2.2 Click the “Default” button to set the Blast program’s path to the default location

b4 Settings

—

= 3. Click to verify your Blast

/| program

BLAST program path (Binary Directory):

blast,

Bl it | (D) Default

3. Verify your blast program by clicking the “Verify” button



2.2 Multithreading

If you more than 1 processing cores on your computer you may increase the
number of threads the application uses to speed up the calculation process. If you are
running other programs on your computer you should avoid setting the threads equal to
the number of available processing cores since it will hinder the performance of the
other programs.

G OAT version 0.90 - o
Please cite Lee at al. 2015. Manuscript submitted. ’ 5 Add genomes (FASTA)
File name Title of the ... No. of .. Size (bp) G+C conten...

Mo content in table

1. Slide to adjust the processing
cores you want to use

® About 'x Settings

1. Use the slider to adjust the number of threads you wish to use for the calculation
process. The maximum value is automatically set to the number of processing cores
the computer has.



3. Preparing the Calculation Step

3.1 Adding Genome Data

Before starting the calculation, you need to provide genomes that you wish to
compare to the Application. The application accepts FASTA files as genome data.
Adding genomes to the application can be done easily by locating your FASTA files in
your system. You can add up to 10 genomes to the program.

@ OAT version 0.90 1. Click - O
Please cite Lee et al. 2015, Manuscript submitted. # Add genomes (FAS 5 Remove
File name Title of the first contig No. of contigs Size (bp) G+C content (%)
Mo content in table
® About 'x Settings {i} Thread(s): 3 , 3 ; 4 é Run

1. Click on the “Add genomes (FASTA)” button to easily add genome data you wish to
compare



3.2 Removing Genome Data

Removing genomes from the application can be done easily by selecting the
FASTA files and clicking the “Remove” button

@ OATversion090 2 Click to remove the °
¢ sel ecteg enomes
Please cite Lee et al. 2015, Manuscript submitted. d genomes (FASTA)
File name Title of the first contig No. of contigs Size (bp) G+C content (%)
M. bavis CQ-WT0_PRINAT.. CP005933.1 Mycoplasma bovis .. 1 045516 29.3%

M. bovis HB0801_PRINA16.. NC_018077.1 Mycoplasma bowi... 991,702
M. bovis PG45_PRINAGOE5.. NC_014760.1 Mycoplasma bowi... 1,003,404
M. hyorhinis DBES 1050_PRJ.. NC_022807.1 Mycoplasma hyor... 1 837447

M. hyorhinis GDL-1_PRINA.. NC_016829.1 Mycoplasma hyor... 1 837480 25.9%
M. hyorhinis HUB-1_PRINA... NC_014448.1 Mycoplasma hyor... 1 839615
1
1

M. hyorhinis MCLD_PRINA.. NC_017519.1 Mycoplasma hyor... #20700 25.9%
M. hyorhinis SKT6_PRINAT... NC_019552.1 Mycoplasma hyor... 836,897 259%
M. suis KI3806_PRINAG366.. NC_015153.1 Mycoplasma suis ... 1 709,270 31.1%
M. suis str. lllinois_PRINAG... NC_015155.1 Mycoplasma suis ... 1 742431 31.1%

1. Select the genomes you want to remove

@
® About ‘x Settings {ﬁ} Thread(s): 3 1 2 ; 4 é] Run

1. Click on the genomes you want remove from the application (click while pressing the shift
or control key to select multiple genomes)
2. Click on the “Remove” button to remove the genomes selected from the application



3.3 Run

After managing your input data (genome files) you are now ready to run the
calculation step. Simply press the “Run” button and a new window will popup showing
the progress and eventually the results of the comparisons. You may start multiple runs
at the same time but you should be careful not to exceed the number of processing
cores available. Because you are most likely to see no performance (speed wise) gain
while overwhelming your system.

G OAT version 0.90 - =
Please cite Lee et al. 2015. Manuscript submitted. ’ 5 Add genomes (FASTA) 5 Remaove
Filename  Titleof the first... No. of contigs Size (bp) G+C ..
M. bovis CQ-W70_... CP003933.1 Mycoplasm... 1 243516 29.3%
M. bovis HB0801_ ... NC_018077.1 Mycoplas.. 1 991,702 29.3%
M. bovis PG45_PR.. MNC_014760.1 Mycoplas... 1 1,003,404 29.3%
M. hyorhinis DBS .. NC_022807.1 Mycoplas... 1 837 447 25.9%
M. hyorhinis GDL-.. MNC_016829.1 Mycoplas... 1 837480 25.9%
M. hyorhinis HUB-... NC_014448.1 Mycoplas... 1 839,615 25.9%
M. hyorhinis MCL..  NC_017519.1 Mycoplas... 1 820,709 25.9%
M. hyorhinis SK76.. NC_019552.1 Mycoplas... 1 836,897 25.9%
M. suis KI3806_PR... NC_0151533.1 Mycoplas... 1 709,270 31.%
M. suis str. lllinois_... NC_015155.1 Mycoplas... 1 742431 31.1%

@About 'XSettings #Thread{s]: 2 9 . J 1- CIICk

1. Click the “Run” button

Calculating... > =

E
E Tahle Open csv file after exporting
x
E Genome 1 Genome 2 OrthoAN| value (%)
Eﬂ M. bovis CQ-WT0_PRJ... M. bovis HEOB01_PRJ... In progress -
E M. bovis CQ-WTO_PRJ... M. bovis PG45_PRINA... In queue
= M. bovis CQ-WT0_PRJ... M. hyorhinis DBS 105.. In queue
M. bovis CQ-WTO_PRJ... M. hyorhinis GDL-1_P... In queue
M. bavis CQ-WTO_PRJ.. M. hyorhinis HUB-1_P... In queue
M. bavis CQ-WTO_PRJ... M. hyorhinis MCLD_P... In queue
M. bavis CQ-W70_PRL.. M. hycrhinis SK76_PRJ... In queue
M. bovis CQ-WT0_PRJ... M. suis KI3806_PRINA... In queue
M. bovis CQ-WT0_PRL.. M. suis str. lllinois_PRJ... In queue

Calculating.. (1/45) G) 0:27 ® Closze

A new window will popup displaying the progress of the run



4. Calculation Step

4.1 Calculation Step
The calculation step will most likely take a while so it is possible to view the
progress of the run and also view partial results throughout the calculation process.
There will be a total of N*(N-1)/2 comparisons (Where N is the number of genomes).
i.e.) N =10 - 45 comparisons

- - EN

= Calculating...
E: Table Open csv file after exporting
=
£ Genome 1 Genome 2 OrthoANI value (%)
._zﬂ'uw. DOVIE ULV TU_F R, L Iy Onmins run- 1_F.., 07.£370
E’ M. bovis CQ-W70_PRJ.. M. hyorhinis MCLD_PR... 66.55%
:izﬁ M. bovis CQ-WT70_PRJ.. M. hyorhinis SK76_PRL... 67.35%
M. bovis CQ-W7T0_PRJ.. M. suis KI3806_PRINA... B64.37% rr Com pleted
Com parison M. bovis CQ-W70_PRL.. M. suis str. lllinois_PRI... 63.53%
pal rs M. bavis HEO801_PRJ).. M. bovis PG45_PRINA.. 9?.85%_’
M. bovis HBO801_PRJ.. M. hyorhinis DBS 1050... In progressnrr In progress
M. bovis HBO201_PR).. M. hyorhinis GDL-1_P... In gqueue
M. bovis HBOS01_PRL.. M. hyorhinis HUB-1_P... In gqueue |n queue
‘I'MI bovis HE0201_PRJ.. M. hyorhinis MCLD_PR... In queue

Calculating... (11/43)

Current pair being calculated / Total pairs

10

G) 8:34 ® Close

Elapsed time



4.2 Result Screen

There are 3 result formats (all populated with the same data) which could be
navigated through the tabs. All of them will dynamically update themselves as the
OrthoANI values are being computed.

4.2.1 Table View

The table view has a basic format with 3 columns; name of the two genomes
being compared and their OrthoANI values. There will be N*(N-1)/2 rows (N being the

number of genomes) with a single header row. You can export the results as a CSV file

once the whole calculations process is complete.

c Results (took 37 min 29 sec)

% Tabhle Open csv file after exporting @ Export as csv

X

E Genome 1 Genome 2

| M- bovis CQ-W70_PRINA196468 M. bovis HB0801_PRINAT68665 Expo rtin g will becomesssss

E | M. bovis CQ-W70_PRINAT96468 M. bovis PG45_PRINAGO8S9 97.78%

£ . bovis CO-W70_PRINATO6A6S M. hyorhinis DBS 1050_PRINA228933 available when the s
M. bovis CO-WT0_PRINA196468 M. hyorhinis GDL-1_PRINAST003 . 66.68%
M. bovis CO-W70_PRINA196468 M. hyorhinis HUB-1_PRINAS1695 whole process Is doneﬁ?.zs%
M. bovis CO-W70_PRINA196468 M. hyorhinis MCLD_PRINAT62087 66.55%
M. bovis CO-WT70_PRINA196468 M. hyorhinis SK76_PRINA181997 67.35%
M. bovis CO-W70_PRINA196468 M. suis KI3806_PRINAG3665 64.37%
M. bovis CO-WT0_PRINA196468 M. suis str, llinois_PRINAG1897 63.53%
M. bovis HBO801_PRINA168665 M. bovis PG45_PRINAGOSS9 97.85%
M. bovis HBO801_PRINA162665 M. hyorhinis DBS 1050_PRINA2289 66.75%
M. bovis HBO0801_PRINA168665 M. hyorhinis GDL-1_PRINAST00 66.79%
M. bovis HBO801_PRINA162665 M. hyorhinis HUB-1_PRINAS#695 66.82%
M. bovis HBOS01_PRINA168665 M. hyorhinis MCLD_PRI162087 66.87%
M. bovis HBOS01_PRINA168665 M. hyorhinis 5k76_pgfNA181997 66.82%
M. bovis HBOB01_PRINA168665 M. suis K13806_BHINAG3665 63.79%
M. bovis HBO801_PRINA162665 M. suis str. [j#fiois_PRINAG1297 63.56%
M. bovis PGA5_PRINAGOSS9 M. hyorigfis DBS 1050_PRINA228933 66.76%
M. bavis PGA5_PRINAG059 M. tyffrhinis GDL-1_PRINAS7003 66.78%
M. bovis PGA5_PRINAGDSS9 {hyorhinis HUB-1_PRINAS1695 66.72%
M. bovis PGA5_PRINAGDSS9 M. hyorhinis MCLD_PRINA162087 66.86%
M. bovis PGA5_PRINAGOSS9 M. hyorhinis SK76_PRINA181997 66.91%
M. bovis PGA5_PRINAGOSS9 M. suis KI3806_PRINAG3665 64.63%
M. bovis PGA5_PRINAGOSS M. suis str. llinois_PRINAG1897 63.94%
M. hyorhinis DBS 1050_PRINA2289 M. hyorhinis GDL-1_PRINAST003 99.88%
M. hyorhinis DBS 1050_PRINA M. hyorhinis HUB-1_PRINAS1695 99.25%
M. hyorhinis DBS 1050_PR) M. hyorhinis MCLD_PRINAT62087 99.24%
M. hyorhinis DBS 1050 M. hyorhinis SK76_PRINA181997 99.44%
M. hyorhinis DBS 1 M. suis KI3806_PRINAG3665 65.24%
M. hyorhinis D M. suis str. lllinois_PRINAG1897 64.61%
. hyorhini M. hyorhinis HUB-1_PRINAS1695 99.26%

Complete C\) 3729 ® Close
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4.2.2 Matrix View

The matrix view has columns and rows for each genomes making it a N by N
table (N being the number genomes). Each cell will represent the OrthoANI value for its
column (Genome # 2) and row (Genome # 1). You can export the results as a CSV file

once the whole calculations process is complete.

& Results (took 37 min 29 sec)

Y

OrthoANI value
between the 7" genome
and the 8" genome

M. suis str. IL..

64.37%
63.79%
64.63%
65.24%
65.26%

?_: Matrix || Open cav file after exporting
-E M. bovis C... | M. bovis H... | M. bovis P... | M. hyorhin... | M. hyorhini...| M. hyorhin... | M. hyorhini... M. hyorhin... | M. suis KI3... M. suis str. ...
=l 1. bovis CQ. . 99.95% 97.78% 66.63% 66.68% 67.25% 66.55% 67.35%
£ 97.85% 66.75% 66.79% 66.82% 66.87% 66.83%
‘E 66.76% 66.78% 66.73% 66.86% 66.91%
= 099.88% 99.25% 09.84% 09.44%
99.26% 09.92% 99.47%
099.26% 99.01%

64.65%
64.86%
64.63%

I% Export as csw |

63.33%
63.56%
63.04%
64.61%
64.56%
64.31%
64.43%
64.72%
97.73%

Complete

12

G 3729 | ®Close |



4.2.3 Heatmap

The Heatmap is very similar to the matrix view but uses colors to indicate the
OrthoANI values. This results in a more intuitive view. You can take a snapshot (PNG file)
of the heatmap at any point of the process.

Results (took 37 min 29 sec) - O

Heatmap Open snaphot E Snapshot

Heatmap generated with OrthoANI values
calculated from the OAT software.
Please cite Lee et al. (submitted)

100
m:
M. bovis CQ-W70_PRJNA196468 b

a5

Heatrnap | Matrix | Table @

75
65

60
55
50

M. bovis HB0801_PRJNA168665

M. bovis PGA5_PRJNAG0853

M. hyerhinis DBS 1050_PRJNA2289
M. hyorhinis GDL-1_PRJNA8T003
M. hyorhinis HUB-1_PRJNA51695
M. hyorhinis MCLD_PRJNA162087
M. hyorhinis SK76_PRJNA181997
M. suis KI3806_PRJNAG3665

M. suis str. lllinois_PRJNAG1897

Complete G) 37:29 ® Close

4.3 Support
For any difficulties or questions that you have for the OAT application, please
reach out to us via lebmaster.snu+oat.help@agmail.com
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lebmaster.snu+oat.help@gmail.com

