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SUMMARY

TargetOrtho2 uses transcription factor binding site information to predict tran-
scription factor targets in C. elegans, based on an in silico phylogenetic foot-
printing approach. Here, we present a protocol to identify transcription factor
target genes using a new version of TargetOrtho2. We provide instructions
for installing TargetOrtho2 and its required suite of programs, for predicting
transcription factor target genes, and for updating and adding new genomes
to TargetOrtho2.

BEFORE YOU BEGIN

We describe here a protocol for the local installation and use of TargetOrtho2. TargetOrtho2 is a
program that uses transcription factor binding site information to scan whole genomes for the
occurrence of such sites, and associates them with the upstream regions, introns, exons, and down-
stream regions of genes. Putative target genes are ranked by their likelihood to be true targets
based on several transcription factor binding motif features, including, most importantly, phyloge-
netic conservation of motifs in the upstream regions and introns of orthologous genes (“phyloge-
netic footprinting”) (Figure 1)"? The program, as published, searches the genomes of up to eight
nematode species for phylogenetically conserved transcription factor binding sites, and is adapt-
able to search other well-annotated genomes, such as those of various Drosophila species. Several
C. elegans genetics studies have used or adapted TargetOrtho2 and its predecessor TargetOrtho
since its initial publication.””"" However, since the Galaxy webtool on which previous TargetOrtho
versions were running is no longer available, local installations of TargetOrtho2 are necessary.
Additionally, since Python 2 is now deprecated, we have converted TargetOrtho2 to Python
3 code.

System requirements for TargetOrtho2
® Timing: 1 h

You can install TargetOrtho2 on macOS, Ubuntu (Linux), and Windows (using Windows Subsystem
for Linux—WSL). TargetOrtho2 requires the operating system macOS X version 10.11.6 (El Capitan)
or later, Ubuntu 14.04 or later, or Windows 10 or later (with WSL 2). For Ubuntu, ensure that your
operating system uses x86_64/AMD architecture. The BEDOPS binary file closest-features requires
x86_64/AMD architecture and does not function on systems with ARM-based architecture, such as
aarché64. For macOS, TargetOrtho2 also requires Xcode command line tools. TargetOrtho2 also re-
quires Python 3 with the modules sklearn and pandas, the MEME Suite version 4.12.0 or later,""3
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TargetOrtho2.0 example output (COE/UNC-3 motif)

STAR Protocols

A TargetOrtho2.0 Transcription Factor Target Gene Prediction Summary File
Candidate Rank Class Upstream Intron A - ) § )
Target Gene Rank Percentile Probability | Conservation | Conservation Species-Specific Motif Features Across-Species Average Motif Features
gbb-1 1 0.024467825|0.723320722 5
C09G1.4 2 0.04893565 | 0.710444461 5 Upstream and Intron Upstream and Intron
CO5E11.3 3 0.073403474|0.673762377 5 Maxi PSSM S Maxi PSSM S
aximum core aximum core
FZSBI112 4 g gig;g;gigi ggzgggggg ; Average PSSM Score Average PSSM Score
egl- - - Minimum Distance from TSS Minimum Distance from TSS
Average Distance from TSS Average Distance from TSS
zig-1 65 1.639344262|0.501574257 7 6 Site Count Site Count
B TargetOrtho2.0 Transcription Factor Target C. elegans Motif Match Data File
Reference Distance Genomic
Motif Hit ID | Gene Name Region from Gene | Coordinate Strand PSSM Score [FIMO p-value| Motif Sequence
X:17712889-
8314 6R55.2 upstream 1559 17712898 - 11.5714 4.99E-05 | TCCCCAGCGA
1V:5110630-
4334 AC7.3 upstream 1201 5110639 + 14.2347 7.28E-06 | TCCCCGGGGA
X:218628-
7006 AC8.4 downstream 8015 218637 - 11.3061 5.33E-05 | TCCCCAGTGA
X:2247350-
7164 AH9.1 upstream 343 2247359 - 11.1633 5.90E-05 | TCCCTATGGA
X:2255010-
7165 AH9.1 upstream 8003 2255019 - 11.9592 4.40E-05 | TCCCTAGGGC
1:9846304-
806 zig-1 upstream 1094 9846313 - 14.1122 1.16E-05 | TCCCAAGAGA
1:9847832-
807 zig-1 intron 426 9847841 + 11.102 6.53E-05 TCCCTATAGA
C Schematized Gene Model lllustrating Motif Features Used to Predict TF Target Genes
(TargetOrtho2.0 does not produce a graphical output)
——— Upstream [ Exon Intron COCOE site with FIMO PSSM site score
S - ks
T e - bremei
D>— I W - @ cbriggsae
T s emared

157

T N C japonica
BB ESEHE - Sl

134

R T R e epectatus

I s e A umbricoides

Upstream Conservation = 7 species

Upstream Average Species Site Count = 1.3

Upstream Average Species Max PSSM Score = 13.5

Upstream Average Species Average PSSM Score = 13.2
Upstream Average Species Min Distance from TSS = 1966.7
Upstream Average Species Average Distance from TSS = 2248.7

Figure 1. Principle of TargetOrtho2

Intron Conservation = 6 species

Intron Average Species Site Count = 1.2

Intron Average Species Max PSSM Score = 11.7

Intron Average Species Average PSSM Score = 11.7

Intron Average Species Min Distance from TSS = 4083.2
Intron Average Species Average Distance from TSS = 4503.4

Shown here is an example output of TargetOrtho2 for the COE motif bound by UNC-3.
(A) The main output file is the target gene prediction summary file (ranked_genes_summary.csv), which shows a ranked list of predicted target genes in

the reference genome. Genes are ranked by class label probability, which is calculated by a Gaussian process classifier based on the motif features

indicated in the table for sites in upstream regions and introns for each gene, as well as the alignment-independent conservation of motifs in upstream

regions and introns in orthologous genes. Class label probability ranges from —1 to 1, with higher values indicating greater likelihood to be a target of

the transcription factor of interest.
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Figure 1. Continued

(B) TargetOrtho2 also outputs motif match data files for each species with a list of detected motifs assigned to protein-coding genes and the region of
each locus in which the site is detected. Other information about each motif is given, as in the table.

(C) The bottom portion of this panel illustrates the motif features used to predict transcription factor target genes. Shown is a schematized version of the
results for COE sites in the zig-1 locus. TargetOrtho2 does not produce a graphical output.

BEDOPS version 2.3.30 or later,' and bedtools version 2.27.1 or later.”® A flowchart of
TargetOrtho2 usage is provided in Figure 2.

1. System environment installations (Follow the instructions for your operating system).
a. Windows:
i. Toinstall WSL 2, open Command Prompt in administrator mode and enter:

| wsl --install |

ii. To see a list of available distributions, in Command Prompt enter:

wsl --1list --online |

iii. To run your desired distribution, in Command Prompt enter:

wsl --install -d <Distribution_Name>

(e.g., wsl --install -d Ubuntu-24.04)

Note: Your Windows user account can be found in WSL at //mnt/c/Users/<user_name>
(e.g. //mnt/c/Users/jonathan).

b. MacOS:
i. To install Xcode command line tools, in the Terminal enter:

xcode-select —-install

Note: Make sure this installation is complete before attempting any installations using
MacPorts.

2. To install Python3, go to the Python downloads site (https://www.python.org/downloads/).
a. Download the appropriate installer and follow the installation instructions.

3. Toinstall the sklearn module, enter one of the following commands in the Terminal, and enter the
password for your user account:
a. MacOS:

sudo pip install scikit-learn

b. Ubuntu and Windows (WSL):

sudo apt-get update

sudo apt-get install python3-sklearn python3-sklearn-1ib python-sklearn-doc

4. To install the pandas module, enter one of the following commands in the Terminal:
a. MacOS:

sudo pip install pandas

STAR Protocols 6, 103680, March 21, 2025 3
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Flowchart of TargetOrtho2.0 Usage Pipeline

Entered in the Terminal
python3 targetortho.py -f <input motif file>

Called by targetortho.py

fimo --text --max-strand --thresh <p-value>
<input_motif file> <genome_ file> >
<fimo_out_genome_hits table file>

species i
— genome
files

lCalled by targetortho.py

Ifj>1

\4

closest-features --dist --delim '\\t'
<sorted fimo results file>

<protein-coding genes_or_exons_annotations_file> >
<hit-gene_associations_file>

species i

<~ ortholog

tables

species i
¢ protein coding
genes & exon
coordinates

Y

Called by targetortho.py from sklearn

GPC = GaussianProcessClassifier (kernel=1.0 *
RBF (length_scale=1.0),optimizer=None)

model=GPC

X_train=motif features_training data
y_train="class_label” from_training data

X_test = normalized motif data_from analysis

probs = model.fit (X train, y train).predict_proba(X_test
(Calculates probability of each gene not to be a
target, class 0, and to be a target, class 1.)

y_preds = model.fit(X_train, y train).predict (X_test)
(Predicts the class for each gene, 0 or 1.)

4 STAR Protocols 6, 103680, March 21, 2025
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Figure 2. Flowchart showing the pipeline of TargetOrtho2 usage

The input is one to five MEME format PSSMs in a text file. The program FIMO from the MEME suite searches all eight
nematode genomes for motifs matching the first PSSM, and produces a genome hits table, which is output to the
fimo_out folder. If more than one PSSM was in the input file, FIMO searches the genomes for that motif and adds these
to the genome hits tables. BEDOPS software (closest-features) matches these genome hits to annotated protein
coding genes and upstream regions, introns, exons, and downstream regions for each locus. Orthologous genes from
the motif-gene associations tables are matched, and the results are output in the motif_match_per_species folder. A
Gaussian process classifier is used to compare normalized motif feature data to motif feature data in a training set to
determine which genes are most likely to be true transcription factor targets based on the similarity of their motif
features to those of true targets in the training data. Predicted target genes are ranked based on their motif features
and their alignment-independent conservation in upstream regions and introns of orthologous genes. The results are
outputted in the file <JobID>_ranked_genes_summary.csv. A command used to run targetortho.py and important
code for the highlighted major steps are included in the figure.

b. Ubuntu and Windows (WSL):

sudo apt-get install python3-pandas

5. Toinstall the MEME Suite, go to the MEME Suite download site (https://meme-suite.org/meme/
doc/download.html).
a. Download the latest version of the MEME Suite.
b. Decompress the downloaded compressed file.
c. Install the MEME Suite on your computer by following the instructions on the MEME Suite
installation site (https://meme-suite.org/meme/doc/install.htm|?man_type=web).

Note: For MacOS we recommend performing the Quick Install using MacPorts. To install
MacPorts, go to the MacPorts installation site and follow the instructions for installing
MacPorts on your computer’s operating system (https://www.macports.org/install.php).

Note: For Ubuntu and Windows (WSL) we recommend performing the Quick Install from
Source. Troubleshooting 1.

d. Make the MEME Suite program fimo executable by copying it to the directory /usr/local/bin.’
i. Following installation, find fimo in the directory meme-<version>/src (e.g., meme-5.5.7/
src).
ii. InMacOS, following the installation by MacPorts, also find fimo in the directory /opt/local/
bin.
iii. To confirm the location of fimo, navigate to one of the above-mentioned directories, and
enter the following command in the Terminal:

The file fimo should appear in the output.
iv. Copy fimo to /usr/local/bin by entering the following command in the Terminal:

sudo cp fimo /usr/local/bin

6. Toinstall BEDOPS, go to the BEDOPS download site (https://bedops.readthedocs.io/en/latest/
index.html).
a. MacOS:

i. Download the installer package for OS X, and follow the instructions.

Note: This should install all the BEDOPS binary files in the directory /usr/local/bin.

¢? CellPress
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b. Ubuntu and Windows (WSL):

i. Download the BEDOPS binary files for Linux.
ii. Extract the compressed file by navigating to the Downloads directory and entering the

following command in the Terminal:

STAR Protocols

sudo tar jxvf bedops_linux_x86_64-v<verson>.tar.bz2

(e.g., sudotar jxvf bedops_linux_x86_64-v2.4.41.tar.bz2)

iii. Copy the BEDOPS binary files to /usr/local/bin by entering the following command in the

Terminal:

sudo cp bin/* /usr/local/bin

7. To install bedtools, enter the appropriate command in the Terminal:

a. MacOS:

| sudo port install bedtools

b. Ubuntu and Windows (WSL):

sudo apt-get install bedtools

KEY RESOURCES TABLE

REAGENT or RESOURCE SOURCE IDENTIFIER

Software and algorithms

macOS X version 10.11.6 (El Capitan) or later Apple https://www.apple.com/app-store/

Ubuntu 14.04 or later Ubuntu https://ubuntu.com/

Windows 10 or later Microsoft https://www.microsoft.com/en-us/software-download/
Windows Subsystem for Linux (WSL) Microsoft https://learn.microsoft.com/en-us/windows/wsl/install
Xcode command line tools Xcode N/A

MEME Suite version 4.12.0 or later

fimo

BEDOPS version 2.3.30 or later
bedtools version 2.27.1 or later

Python 3
sklearn
pandas

TargetOrtho2
TargetOrtho2_Python3

execute_copy_termi nal.py
matrix2meme

TargetOrtho_motif_match_
motif_search_terminal.R

TargetOrthoFIMO_motif_search_terminal.R
R

6 STAR Protocols 6, 103680, March 21, 2025

Bailey et al.'>"®

Grant et al."®

Neph et al."*

Quinlan et al."”®

Python
Python
Python

Glenwinkel et al.’

This manuscript (https://doi.org/
10.5281/zenodo.14750829)

This manuscript
Bailey et al.'*"?

This manuscript

This manuscript

R-project

https://meme-suite.org/meme/doc/download.html
https://meme-suite.org/meme/doc/install.html|?
man_type=web

https://meme-suite.org/meme/doc/download.html
https://meme-suite.org/meme/doc/install.html|?
man_type=web

https://bedops.readthedocs.io/en/latest/

https://bedtools.readthedocs.io/en/latest/content/
installation.html

https://www.python.org/downloads/
https://pypi.org/project/scikit-learn/0.20.4/

https://pandas.pydata.org/pandas-docs/version/0.24/
install.html

https://github.com/loriglenwinkel/TargetOrtho2.0
https://github.com/jdrumley1989/TargetOrtho2_Python3

https://github.com/jdrumley1989/TargetOrtho2_Python3

https://meme-suite.org/meme/doc/download.html
https://meme-suite.org/meme/doc/install.html|?
man_type=web

https://github.com/jdrumley1989/TargetOrtho2_Python3

https://github.com/jdrumley1989/TargetOrtho2_Python3
https://cran.r-project.org/bin/macosx/

(Continued on next page)
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Continued

REAGENT or RESOURCE SOURCE IDENTIFIER

WormBase ParaSite Howe et al.,'” Howe et al.,'® https://ftp.ebi.ac.uk/pub/databases/wormbase/parasite/
Sternberg et al.,'” Yoshida et al.,”° releases/, https://parasite.wormbase.org/ftp.html
and Coghlan et al.”!

WormBase ParaSite BioMart Howe et al.,"” Howe et al.,'® https://parasite.wormbase.org/biomart/martview/
Sternberg et al.,'? Yoshida et al.,* ef512a6e58b0958918621c301545f291
and Coghlan et al.”’

make_training_data.py This manuscript https://github.com/jdrumley1989/TargetOrtho2_Python3

STEP-BY-STEP METHOD DETAILS
Installation of TargetOrtho2

O Timing: 10-30 min
This step instructs how to install TargetOrtho2 on a local computer.

1. Download TargetOrtho2 as a compressed (.zip) file from the TargetOrtho2_Python3 GitHub re-
pository (https://github.com/jdrumley1989/TargetOrtho2_Python3).
a. In the upper right corner, click the green “Code” button.
b. Select "“Download ZIP” to download the compressed file called TargetOrtho2_Python3-

main.zip.

. Decompress the file.

. Open the directory TargetOrtho2_Python3-main.

. In this directory, decompress the file TargetOrtho2_Python3_github.zip.

. In the Terminal, navigate to the directory Downloads/TargetOrtho2_Python3-main/TargetOrtho2_
Python3_github.

6. Run the file setup.command by entering the following command in the Terminal:

g b~ w N

python3 setup.command

Note: This downloads and decompresses the genome sequence files that TargetOrtho2
searches to identify transcription factor binding site motifs. These genome sequence files
are for Caenorhabditis elegans, Caenorhabditis briggsae, Caenorhabditis brenneri, Caeno-
rhabditis remanei, Caenorhabditis japonica, Pristionchus pacificus, Pristionchus exspectatus,
and Ascaris lumbricoides. These genome sequence files are deposited in the genomes direc-
tory. Troubleshooting 2.

Use of TargetOrtho2
O® Timing: Variable

This step instructs how to run TargetOrtho2 to predict transcription factor binding sites and tran-
scription factor target genes in the C. elegans or P. pacificus genomes.

7. To run TargetOrtho2, in the Terminal, navigate to the directory TargetOrtho2_Python3_github.
8. Run the script targetortho.py by entering a command such as the following in the Terminal trou-
bleshooting 3:

python3 targetortho.py -f <input_file>

(e.g., python3 targetortho.py -f data/input_motif_examples/COE_motif_ PSSM_meme4.txt)

STAR Protocols 6, 103680, March 21, 2025 7
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Example MEME-Format PSSM Example Input Files

MEME version 4 A MEME version 5.5.5 (Thu Sep 14 08:48:04 2023 +1000)

ALPHABET= ACGT B ALPHABET= ACGT

strands: + - C  strands: + -

Background letter frequencies (from uniform background) : D Background letter frequencies (from uniform background) :

A 0.32500 C 0.17500 G 0.17500 T 0.32500 A 0.25000 C 0.25000 G 0.25000 T 0.25000

MOTIF COE E MOTIF M03874 2.00 (unc-42) (Drosophila melanogaster) (DBD_0.90)

log-odds matrix: alength= 4 w= 10 n= 41 bayes= 3.68658 E= 1.5e-091 F letter-probability matrix: alength= 4 w= 13 nsites= 1 E= 0

-1200 -184 -1200 155 0.226232 0.262220 0.293991 0.217558
-1200 251 -1200 -1200 0.076917 0.077393 0.018744 0.826947
-174 233 -1200 -373 0.844209 0.019297 0.099761 0.036733
-1200 244 -284 -373 0.969793 0.009387 0.020448 0.000372
-57 155 -1200 -28 0.018890 0.263559 0.040305 0.677246
59 16 -26 -93 0.084052 0.276069 0.284263 0.355616
-174 -1200 220 -174 G 0.262891 0.243675 0.251917 0.241518
66 -284 133 -373 0.351831 0.282202 0.286371 0.079596
-273 -284 240 -1200 0.671037 0.039733 0.262696 0.026534
66 -126 106 -273 0.001453 0.013543 0.007076 0.977928

0.043298 0.102437 0.006661 0.847604

0.829478 0.017648 0.072303 0.080571

0.227334 0.274535 0.261932 0.236199

Figure 3. Examples of MEME format PSSMs

These PSSMs should be .txt files. The sections of the PSSMs are as follows: (A) The MEME version from which the PSSM file was produced. This does not
have to be accurate for the proper functioning of TargetOrtho2.

(B) The alphabet used for the PSSM. For DNA this is “"ACGT".

C) The strands in which to search for motifs. This should be “+ -" for searching both + and - DNA strands.

D) The background frequency of each DNA base to expect in the reference genome.

E) The name of the motif.

(
(
(
(F) Information about the PSSM, most importantly the type of matrix (log-odds or letter-probability), the number of classes of letters to expect (alength;
4 for DNA), and the number of letters to expect in the motif (w).

(G) The PSSM with four columns (one for each DNA base in alphabetical order; i.e., ACGT) and the same number of rows as the number of bases in the

motif, with each row representing successive positions in the motif. The values in each row are representations of the probabilities of each of the bases
appearing at each positionﬂ'22

Note: Entering this command will run targetortho.py using the indicated input file, the default
maximum fimo p-value of 0.0001, and the default reference species of C. elegans. Trouble-
shooting 4.

a. Input files for TargetOrtho2 are Position Specific Scoring Matrices (PSSMs) in MEME format
(Figure 3).

i. TargetOrtho2 accepts either log-odds matrices or letter-probability matrices. Trouble-
shooting 5.

ii. If your PSSM is in Cis-BP format (or another format), it must be converted to
MEME format. To convert all PSSMs in a specified directory from Cis-BP format
to MEME format, use the script execute_copy_terminal.py included in the GitHub
download. To run execute_copy_terminal.py, enter the following command in the
Terminal:

python3 execute_copy_terminal.py <input_folder> <output_folder>

(e.g., python3 execute_copy_terminal.py cis-bp_format_input_folder meme_formate_output_
folder)

Note: Below see an example of the conversion of a Cis-BP format PSSM to MEME format:
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EGRH-3 MEME Format Position-Specific Scoring Matrix

MEME version 4

ALPHABET= ACGT
EGRH-3 CIS-BP Format Position-Specific Scoring Matrix

strands: + -
Pos A C G T
1 0075029363 0.852249687 0.010674733 0.062046217 Background letter frequencies:
2 0031289194 0504351176 0.034579907 0429779722 A025C025G0.25T0.25
3 0029994904 0.846429986 0.005534645 0.118040465
4 0031805954 0.94355392 0.003742125 0.020898001 # MOTIF M00647_2
5 0011156548 0.700662689 0.008953339 0.279227423 letter-probability matrix: alength= 4 w= 7 nsites= 20 E= 0
6 0.348034416 0.358633642 0.050516569 0.242815373 0.075029 0.852250 0.010675 0.062046
7 0.151820221 0.479477545 0.059901231 0.308801002 0.031289 0.504351 0.034580 0.429780

0.029995 0.846430 0.005535 0.118040
0.031806 0.943554 0.003742 0.020898
0.011157 0.700663 0.008953 0.279227
0.348034 0.358634 0.050517 0.242815
0.151820 0.479478 0.059901 0.308801

ii. To convert individual PSSMs from a raw matrix to MEME format, use the script matrix2-
meme included in the MEME suite. To use matrix2meme, copy it to the directory /usr/
local/bin to make it executable. From the Downloads directory, enter the following com-
mand in the Terminal:

sudo cp meme-<version>/scripts/matrix2meme /usr/local/bin

(e.g., sudo cpmeme-5.5.7/scripts/matrix2meme /usr/local/bin)

To run matrix2meme, enter the following command in the Terminal:

matrix2meme < <input_file> >> <output_file>

(e.g., matrix2meme < raw_matrix_PSSM_input.txt >> MEME_matrix_PSSM_output.txt)

Note: Below see an example of the conversion of a raw PSSM to MEME format:

UNC-42 MEME Format Position-Specific Scoring Matrix
MEME version 5.5.5 (Thu Sep 14 08:48:04 2023 +1000)
ALPHABET= ACGT
strands: + -

Background letter frequencies (from uniform background):
A 0.25000 C 0.25000 G 0.25000 T 0.25000
UNC-42 Raw Position-Specific Scoring Matrix

4721 1941 20868 20868 419 1754 5486 7342 14997 31 1066 20868 4744 MOTIF 1 NTAAYBNVRTTAN

5472 1953 477 202 5846 5761 5085 5889 888 289 2522 444 5729 . ) )

6135 473 2466 440 894 5932 5257 5976 5871 151 164 1819 5466 » '3252'6';’3°2bab"'32":5;t2"2’8a'enﬁgggé‘g’;‘3"(5;‘;57‘52284205—0

4540 20868 908 8 15022 7421 5040 1661 593 20868 20868 2027 4929 Dortors  oorrses  Omeas  0avoar
0844209 0019297 0099761  0.036733
0969793 0009387 0020448  0.000372
0018890 02635590  0.040305  0.677246
0084052 0276069 0284263 0355616
0262891 0243675 0251917 0241518
0351831 0282202 0286371  0.079596
0671037 0039733 0262696  0.026534
0001453 0013543 0007076  0.977928
0043298 0102437 0006661  0.847604
0829478 0017648 0072303  0.080571
0227334 0274535 0261932  0.236199
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9. Use the following options to customize the targetortho.py run:

-p <maximum_p-value> (e.g. -p 0.0001)

-d <maximum_distance_from_gene> (e.g. -d 500)
-o <output_directory> (e.g. —omy_output)

-j <job_ID> (e.g. -j jobl)

-s <species_file> (e.g. -s all_species.txt)

-r <reference_species> (C. elegans or P. pacificus; e.g. -r C.elegans)

Note: By default, the output directory is titled <JoblD>_TargetOrtho2.0_Results.

Note: The species file is a text file with a list of nematode species the genomes of which are
searched for transcription factor binding sites and used to rate the likelihood of transcription
factor target genes. By default, these species are Caenorhabditis elegans, Caenorhabditis
briggsae, Caenorhabditis brenneri, Caenorhabditis remanei, Caenorhabditis japonica, Pris-
tionchus pacificus, Pristionchus exspectatus, and Ascaris lumbricoides. Including a species
file allows only a subset of these species’ genomes to be used in the analysis. In the species
file, species names must be abbreviated and each species must be listed in an individual
line as follows:

c_eleg
c_brig
c_bren
c_japo
c_rema
p_paci
p_exsp

a_Jlumb

Note: Transcription factor target gene prediction is only performed if five or eight species’ ge-
nomes are searched. If five species are included in the list, training data from Caenorhabditis
elegans, Caenorhabditis briggsae, Caenorhabditis brenneri, Caenorhabditis remanei, and
Caenorhabditis japonica are used to make target gene predictions. If eight species are
included, all eight above species’ training data are used.

Updating genome versions and adding additional genomes to TargetOrtho2
O® Timing: Variable
This step instructs how to update genome versions and add additional genomes to TargetOrtho2.
10. Download the new genome files from WormBase ParaSite (https://ftp.ebi.ac.uk/pub/databases/
wormbase/parasite/releases/, https://parasite.wormbase.org/ftp.html) orfrom an alternative source.

a. Place the genome files in the genomes directory.
b. Ensure the file names are in the same format as the existing genome files.
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11. Download the relevant ortholog files from the WormBase ParaSite BioMart (https://parasite.
wormbase.org/biomart/martview/ef512a6e58b0958918621c301545f291).

a. Inthe Query Filters tab, under the heading SPECIES, check Genome, and select Caenorhab-
ditis elegans (PRJNA13758) to use C. elegans as the reference species.

b. In the Output Attributes tab, under the heading GENE, check Gene name, and under
the heading ORTHOLOGUES, check gene name and Homology type for one of the
desired species. (e.g., For C. briggsae, under Caenorhabditis briggsae (PRIJNA10731)
Orthologues, select Caenorhabditis briggsae (PRJNA10731) gene name and Homology
type).

i. If gene names do not exist for a particular species, check gene stable ID instead of gene
name.

A CRITICAL: Ensure the selection is made in this order, so that the output file is properly
formatted.

c. Click the Results button in the upper left corner and preview the output orthologs file.

i. If the gene names for the species are not displayed, then click on the Output Attributes tab
again, deselect gene name and Homology type, and check gene stable ID and Homology
type. Click the Results button again.

d. Download the output orthologs file as a TSV file.

i. Under Export all results to, select File and TSV and click the Go button.

e. Rename the downloaded file identically to the existing corresponding orthologs file.

i. (e.g., c_eleg_c_brig_ortho.txt).

f.  Place the file in the ortholog_files directory.
g. Repeat for each species for which you want to update or add a genome.

Note: If you use ortholog data from another source, ensure that the data are compiled and
that the file is named in the same format as existing orthologs files.

12. Download the relevant exon annotations files from the WormBase ParaSite BioMart.
a. Inthe Query Filters tab, under the heading SPECIES, check Genome, and select the species
of interest (e.g., Caenorhabditis elegans (PRINA13758)).
b. Inthe Output Attributes tab, under GENE check Chromosome/scaffold name, under EXONS
check Exon region start (bp) and Exon region end (bp), and under GENE check Gene stable
ID, Gene name, and Strand.

A CRITICAL: It is necessary to make the selection in this order for the output file to be
formatted properly.

c. Click the Results button in the upper left corner and view the preview of the file.
d. Download the exon annotations file as a TSV file.
i. Under Export all results to, select File and TSV and click the Go button.
e. Rename the downloaded file in the same format as the existing corresponding exon annota-
tions file.
i. (e.g., For the WS290 version of the C. elegans exon annotations, name the file
mart_export_c_eleg_exonsWS290.txt).
f. If gene names are not present for a particular species, copy and paste the Gene stable ID col-
umn to the Gene name column.
g. Make a copy of the file and delete the headers from the copied file.
i. Rename this file with “_no_header” added to the end of the original file’s name. (e.g.,
mart_export_c_eleg_exonsWS290_no_header.txt).
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h. Sort the file using bedtools by entering the following command in the Terminal from the
directory in which the exon annotations file is present:

bedtools sort -i <no_header_input_file> > <output_bed_file>

(e.g., bedtools sort -i mart_export_c_eleg_exonsWS290_no_header.txt > mart_export_c_eleg_
exonsWs290 .bed)

i. Move the sorted exon annotations file to the gene_coords directory.
j. Repeat for each species.

Note: If you use exon annotations data from another source, ensure that the data are
compiled and that the file is named in the same format as existing exon annotations files.

13. Download the relevant protein coding gene annotations files from the WormBase ParaSite
BioMart.
a. Inthe Query Filters tab, under the heading SPECIES, check Genome, and select the species
of interest (e.g., Caenorhabditis elegans (PRINA13758)).
b. In the Output Attributes tab, under GENE check Chromosome/scaffold name, Gene start
(bp), Gene end (bp), Gene stable ID, Gene name, and Strand.

A CRITICAL: It is necessary to make the selection in this order for the output file to be
formatted properly.

c. Click the Results button in the upper left corner and view the preview of the file.
d. Download the protein coding gene annotations file as a TSV file.
i. Under Export all results to, select File and TSV and click the Go button.
e. Rename the downloaded file in the same format as the existing corresponding protein cod-
ing gene annotations file.
i. (e.g., For the WS290 version of the C. elegans protein coding gene annotations, name the
file mart_export_c_eleg_protein_coding_genesWS290.txt).
f.  If gene names are not present for a particular species, copy and paste the Gene stable ID col-
umn to the Gene name column.
g. Make a copy of the file and delete the headers from the copied file.
i. Rename this file with “_no_header” added to the end of the original file’s name. (e.g.,
mart_export_c_eleg_protein_coding_genesWS290_no_header.txt).
h. Sort the file using bedtools by entering the following command in the Terminal from the
directory in which the protein coding genes annotations file is present:

bedtools sort -i <no_header_input_file> > <output_bed_file>

(e.g., bedtools sort -i mart_export_c_eleg_protein_coding genesWS290_no_header.txt > mart_
export_c_eleg_protein_coding genesWS290.bed)

i. Move the sorted protein coding gene annotations file to the gene_coords directory.
j- Repeat for each species.

Note: If you use protein coding genes annotations data from another source, ensure that the
data are compiled and that the file is named in the same format as existing protein coding
genes annotations files.

14. Edit the python script targetortho.py.

a. Open the file targetortho.py in a text editor or integrated development environment (IDE).
b. Make a copy of the file.
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c. Update or add the genome file names in the genomesDic section starting with line 99.
i. These must match the genome file names in the genomes directory.
ii. (e.g., For the WBPS19 version of the C. elegans genome:

"c_eleg":"caenorhabditis_elegans.PRJNA13758.WBPS19.genomic.fa")

d. Update or add the annotations versions in the versionDic section starting with line 107.
i. These must match the end of the exon annotations and the protein coding genes annota-
tions file names.
ii. (e.g., For mart_export_c_eleg_protein_coding_genesWS290.bed, the corresponding
line in targetortho.py should read as follows:

"c_eleg":"WS290")

e. If adding additional genomes to the 8 included in the download, edit the following line to
predict target genes using more than 8 genomes:

if len(speciesList)==8: (line 923) |

i. Change this line to the following:

if len(speciesList)>=8: |

Note: This will allow TargetOrtho2 to make target gene predictions using the binding motif
data from all included genomes, but the training data, upon which the predictions are based,
only include motif data from the 8 species included in TargetOrtho2.

15. Write a text file with a list of all species to be used for the analysis, using abbreviated names, as in
the example below:

c_eleg
c_brig
c_bren
c_japo
c_rema
p_paci
p_exsp

a_Jlumb

c_trop

16. To run TargetOrtho2 with the updated and/or added genomes, enter a command into the Ter-
minal such as the following:

python3 targetortho_mod.py -f <input_file> -s <species_file>

(e.g., python3 targetortho_mod.py -f data/input_motif_ examples/COE_motif_ PSSM_memed.txt -s
all_species.txt)
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17. Make an updated training data file using updated and/or added genomes and annotations.
a. Run TargetOrtho2 on each of the included PSSMs in the data/input_motif_examples
directory.
i. For COE_motif_PSSM_meme4.txt, use a p-value threshold of 0.00075.
(e.g., python3 targetortho_mod.py -f data/input_motif_examples/COE_mo-
tif_PSSM_meme4.txt -s all_species.txt -p 0.00075).
ii. For ASE_motif PSSM_meme4.txt, use a p-value threshold of 0.00025.
iii. For AlY_motif PSSM_meme4.txt, use a p-value threshold of 0.00026.
b. Copy the <job_id>_all_info_normed.txt file from the output of each of these runs of
TargetOrtho2 to the data/training_data directory.
c. Use atexteditor oran IDE to open the python script make_training_data.py in the data/train-
ing_data directory.
d. Edit make_training_data.py
i. Replace the existing names for the COE, ASE, and AlY motif <job_id>_all_info_nor-
med.txt files with those you have produced.
ii. If desired, change the file name in output_path to your desired file name.
e. Run make_training_data.py by entering the following command in the Terminal from the
data/training_data directory:

python3 make_training data.py

Note: The output file is the new training data file that includes motif data from the updated
and/or added genomes.

f. If you add new species genomes, edit your modified version of targetortho.py (e.g., targe-
tortho_mod.py) in a text editor or IDE.
i. Change the line that was edited in step 14e to its original form. (e.g., Change

if len(speciesList)>=8: |

back to

if len(speciesList)==8: |

ii. Below the line that follows this one, insert the following lines of code to analyze 9
genomes:

If len(speciesList)==9:

train = pd.read_csv("%$s/data/training data/training _data_9species.txt" % (TargetOrtho_

path, sep="\t")

Note: Adjust the code according to the number of genomes you intend to analyze and the
name of the training data file.

g. Run your modified version of targetortho.py by entering a command such as the following in
the Terminal from the TargetOrtho2_Python3_github directory:

python3 targetortho_mod.py -f <input_file> -s <species_file>

(e.g. python3 targetortho_mod.py -f data/input_motif_examples/COE_motif_ PSSM memed.txt -s

all_species.txt)
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EXPECTED OUTCOMES

All output files are in the output directory <JobID>_TargetOrtho2.0_Results. The output files are as
follow and contain the data described below.

<JobID>_input_summary.txt contains information about the input of the TargetOrtho2 run,
including the job ID, the file path for the motif file, the list of species used in the analysis, the p-value
threshold used in the fimo analysis, the maximum distance from the TSS searched for motif matches,
and the command entered in the Terminal to run the analysis.

The files fimo_out/<JoblD>_c_eleg_fimo.txt, <JoblD>_c_brig_fimo.txt, <JoblID>_c_bren_fimo.txt,
<JobID>_c_japo_fimo.txt, <JoblD>_c_rema_fimo.txt, <JoblD>_p_paci_fimo.txt, <JoblD>_p_exsp_fi-
mo.txt, and <JobID>_a_lumb_fimo.txt contain the results of the fimo analysis for each species. These
files contain information on all the sites detected in each species’ genome associated with their genomic
locations. The quality of each site is indicated by a PSSM score and a p-value, based on how well each site
conforms to the consensus sequence of the binding site. These files are produced by fimo when fimo is
called by targetortho.py using the following line of code (Figure 2):

fimo --text --max-strand --thresh <p-value> <input_motif_file> <genome_file> > <fimo_out_genome_
hits_table_file>

(e.g., fimo --text --max-strand --thresh 0.0001 data/input_motif_ examples/COE_motif_PSSM me-
med.txt genomes/caenorhabditis_elegans.PRJIJNA13758.WBPS10.genomic.fa > j202516162038_
TargetOrtho2.0_Results/fimo_out/c_eleg_fimo.txt)

These files are formatted as below, where sequence_name is the chromosome or scaffold in which
the motif is located:

motif_id motif_alt_id |sequence_name |start stop strand score p-value g-value matched_sequence
COE | 4282 4291]- 10.8673[8.29¢e-05 TCCCAAAGGA
COE | 12342 12351 (- 11.0204[6.83e-05 TCACTAGGGA
COE | 49307 49316+ 10.7245[9.62e-05 TCACCGGAGA
COE | 92935 92944 |+ 10.9286[7.51e-05 TCCCCGTGGA

The files motif_match_data_per_species/<JoblD>_c_eleg_genome_motif_match_results.csv, <JobID>_
c_brig_genome_motif_match_results.csv, <JobID>_c_bren_genome_motif_match_results.csv, <JobID>_
c_japo_genome_motif_match_results.csv, <JoblD>_c_rema_genome_motif_match_results.csv, <JobID>_
p_paci_genome_motif_match_results.csv, <JoblD>_p_exsp_genome_motif_match_results.csv, and
<JobID>_a_lumb_genome_motif_match_results.csv contain the motif results for each species with
sites associated with the genes in the loci of which they are present and with their positions within
the loci (i.e. upstream, intron, exon, and downstream). The quality of each site is indicated by a
PSSM score and a p-value, based on how well each site conforms to the consensus sequence of the
binding site. (Figure 1B). These files are produced by several parts of the code. In particular, gene
and exon associations are produced by the BEDOPS program closest-features, which is called by tar-
getortho.py using the following line of code (Figure 2):

closest-features --dist --delim ’\\t’ <sorted_fimo_results_file> <protein-coding_genes_or_

exons_annotations_file> > <hit-gene_associations_file>

(e.g. closest-features --dist --delim ’‘\\t’ j202462817501_TargetOrtho2.0_Results/fimo_out/
3202462817501_c_eleg.bed.sorted gene_coords/mart_export_c_eleg protein_coding genesWS258.
bed > temp_files/j202462817501/c_eleg_associated_genes.bed;

closest-features --dist --delim "\ \t’ j202462817501_TargetOrtho2.0_Results/fimo_out/j202462817501_
c_eleg.bed.sortedgene_coords/mart_export_c_eleg_exonsWS258.bed > temp_files/j202462817501/
c_eleg_associated_exons.bed)
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These files are formatted as below:

hit_id ref_gene_name [region distance from gene |coordinate strand score fimo p-value |matched_sequence
8314[6R55.2 upstream 1559|X:17712889-17712898 |- 11.5714[4.99e-05 TCCCCAGCGA
4334|AC7.3 upstream 1201]IV:5110630-5110639 |+ 14.2347(7.28e-06 TCCCCGGGGA
7006(AC8.4 downstream 8015(X:218628-218637 - 11.3061[5.33e-05 TCCCCAGTGA
7164|AH9.1 upstream 343|X:2247350-2247359 - 11.1633[5.9e-05 TCCCTATGGA
7165|AH9.1 upstream 8003[X:2255010-2255019 - 11.9592(4.4e-05 TCCCTAGGGC

<JobID>_all_info_normed.txt contains motif features of all the genes identified to have sites that
match the input motif. These data are normalized such that the reported values are calculated using
the following formula:

normalized value = (value — column minimum) = (column maximum — column minimum)

Motif features for each gene included in these data are upstream and intron conservation (calculated
by dividing the number of species in which the site is conserved by the total number of species in the
analysis), the average maximum PSSM score for all species, the average mean PSSM score for all spe-
cies, the average minimum distance from the TSS for all species, the average mean distance from the
TSS for all species, the average site count for all species, and each of these values for each species.
These data are used by the Gaussian Process Classifier to compare motif features to the training data
to predict target genes of the transcription factor of interest. This file is produced by merging the
motif feature data for upstream and intronic motifs and normalizing the data. The final <JobID>_
all_info_normed.txt file is produced by the following function:

norm_data (df, min_scores,max_scores,min_dist,max_dist,max_count)

This file is formatted as below:

ref_gene_name |region_upstream |conservation_upstream |avg species_max_PSSM_score_upstream |avg species_avg PSSM_score_upstream [avg species_min_dist_upstream
aakg-4 upstream 0.5 0.1994900000000001 0.1994900000000001 0.9591179723879883
aat-1 upstream 0.5 0.78265 0.6059499999999997 0.9050802960575728
aat-7 upstream 0.125 0.09184 0.09184 0.9900039601797103
abhd-14 upstream 0.375 0.6931933333333333 0.6931933333333333 0.9720397656666075
abhd-3.1 upstream 0.25 0.15306000000000033 0.15306000000000033 0.9984978628685357

avg_species_avg dist_upstream |avg species_site_count_upstream |species-specific_upstream_data [avg intron_data |species-specific_intron_data
0.9564721626677956 0.053359684
0.8942216653693664 0.007905138
0.9900039601797103 0.003952569
0.9720397656666075 0.003952569
0.9984978628685357 0.003952569

<JoblD>_TargetOrtho2_ranked_genes_summary.csv contains a ranked list of genes with sites
matching the input motif in the reference species. These genes are ranked based on how well their
motif features conform to those in the training data for true targets, which is quantified by the value
classifier label probability (class_prob). Classifier label probability has values from —1 to 1, with
higher values indicating greater probability of a gene being a true target. Genes with classifier la-
bel probability values of 0 to 1 are predicted to be true targets. Genes with classifier label prob-
ability values of —1 to O are predicted not to be true targets. Genes are ranked in order of their
classifier label probability, such that the gene with the highest classifier label probability is ranked
first, and subsequent ranks are assigned to genes with successively lesser classifier label probabil-
ities in descending order. This file also contains the non-normalized motif feature data for each
gene. These data are the same as those in the file <JoblD>_all_info_normed.txt. (Figure 1A).
Target gene predictions are made using the Gaussian Process Classifier from sklearn, which makes
target gene predictions by comparing the normalized motif feature data to the training data.
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The Gaussian Process Classifier is called by targetortho.py using the following lines of code
(Figure 2):

GPC = GaussianProcessClassifier (kernel=1.0 * RBF (length_scale=1.0),optimizer=None)
model=GPC

X_train=motif features_training_data

y_train="class_label"_from_training_data

X_test =normalized motif data_ from_ analysis

probs =model .fit (X_train, y_train) .predict_proba (X_test)

y_preds =model.fit (X_train, y_train) .predict (X_test)

(i.e. GPC = GaussianProcessClassifier (kernel=1.0 * RBF (length_scale=1.0) ,optimizer=None)
model=GPC

X_train= train[feature_set]

y_train=train["class_label"]

X_test = df_normed|[feature_set]

probs =model .fit (X_train, y_train) .predict_proba (X_test)

y_preds =model .fit (X_train, y_train) .predict (X_test))

This file is formatted as below:

ref_gene_name [Rank Rank_Pct class_prob conservation_upstream [conservation_intron
gbb-1 1[0.024467824810374357 [0.7233207216919482 5
C09G1.4 2[0.048935649620748714 [0.7104444612798488 5
CO5E11.3 3]/0.073403474 0.6737623772013421 5
F23B12.4 4[0.097871299 0.6736716557608702 7
egl-1 5[0.12233912405187179 [0.6736486656334932 5
zig-1 65[1.639344262295082 0.5015742570005131 7 6

species-specific_upstream_motif_features |species-specific_intron_motif_features |avg motif_features

The main applications of these data are to predict binding sites for transcription factors in the loci of
genes of interest and to predict target genes of transcription factors of interest.

To predict transcription factor binding sites in the loci of genes of interest, the most relevant
output files are those in the directory motif_match_data_per_species, and secondarily the files
in the directory fimo_out. The files in the directory motif_match_data_per_species can be
searched for genes of interest to identify predicted transcription factor binding sites in the up-
stream, intronic, exonic, or downstream regions of genes of interest in the genomes of any of
the eight species used in the analysis. The files in the directory fimo_out can be searched for
genomic regions of interest to identify predicted transcription factor binding sites. These files
are primarily useful if an error prevents the program from producing the files in the directory mo-
tif_match_data_per_species. To determine which genes are associated with predicted
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transcription factor binding sites using these data, it is necessary to manually associate the
genomic regions with the genes of interest.

Most of these files can be opened using Microsoft Excel or another spreadsheet program. For large
output files, however, which can be generated if the p-value threshold is set high (weakly stringent),
one can filter for the sites of interest based on either the associated gene name (for files in the mo-
tif_match_data_per_species directory) or the genomic coordinates of interest (for files in the fimo_
out directory) using the R scripts TargetOrtho_motif_match_motif_search_terminal.R or TargetOr-
thoFIMO_motif_search_terminal.R, respectively. To run these scripts, enter the following
commands from the directory TargetOrtho2_Python3_github in the Terminal, respectively.

Rscript TargetOrtho _motif match motif search_ terminal.R <JobID>_ TargetOrtho2.0_Results/mo-
tif_match_data_per_species/<input_file> <reference_gene>

(e.g. Rscript TargetOrtho_motif_match_motif_ search_terminal.R 3j2025160324_TargetOr-
tho2.0_Results/motif_match_data_per_species/j2025160324_c_eleg genome_motif_ match_re-

sults.csv zig-1)

Rscript TargetOrthoFIMO_motif_search_terminal.R<JobID>_TargetOrtho2.0_Results/fimo_out/
<input_file> <chromosome/contig/scaffold> <start_search_position> <stop_search_position>

(e.g. Rscript TargetOrthoFIMO_motif_ search_terminal.R 3j2025160324_TargetOrtho2.0_Re-
sults/fimo_out/ j2025160324_c_eleg_fimo.txt I 9800000 9900000)

To identify probable target genes of a transcription factor of interest, the most relevant output file is
<JobID>_TargetOrtho2_ranked_genes_summary.csv. As noted above, this file ranks genes based
on classifier label probability (class_prob). Classifier label probabilities of 0-1 indicate that a gene
isincreasingly likely to be a true target of the transcription factor of interest, and classifier label prob-
abilities of 0 to —1 indicate that a gene is increasingly unlikely to be a true target. One way that these
data can be used is to determine if the top set of predicted target genes (e.g., top ten predicted
target genes) are predicted to be true targets of the transcription factor of interest. For instance,
for the transcription factor UNC-3, which binds to the COE motif, do the top ten predicted targets
have a classifier label probability greater than 0 when the p-value threshold is set to 0.0001 and there
is no maximum distance limit from the TSS for the motif search?

ref_gene_name Rank Rank_Pct class_prob

gbb-1 1 0.024467824810374357 0.7233207216919482
C09G1.4 2 0.048935649620748714 0.7104444612798488
CO5E11.3 3 0.07340347 0.6737623772013421
F23B12.4 4 0.0978713 0.6736716557608702
egl-1 5 0.12233912405187179 0.6736486656334932
R02D5.4 6 0.14680694886224616 0.6723427603446339
ace-2 7 0.1712747736726205 0.6712968907875734
mcu-1 8 0.19574259848299486 0.6646822610653658
Y37E11AL.6 9 0.2202104232933692 0.6631672224920635
F32B5.2 10 0.24467824810374358 0.6586070570857601

The data in the above table show that all the top ten predicted target genes for UNC-3 using the
above specified settings are predicted to be true targets, since they all have classifier label proba-
bilities greater than 0.

LIMITATIONS

As noted in Mercatelli et al., 2020, TargetOrtho2 functions best in identifying transcription factor
target genes in compact genomes, such as those of nematodes. Since it predicts transcription factor
targets using motifs that are within potential target genes’ loci (either upstream or in introns),
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TargetOrtho2 would be expected to perform more poorly if used to predict transcription factor
target genes in organisms with highly distal enhancers outside of genes’ loci.

TROUBLESHOOTING

Problem 1

For Ubuntu and Windows (WSL), you may have trouble installing MEME Suite from source (This refers
to step 5c in the section system requirements for TargetOrtho2).

Potential solution

o If any commands fail because you do not have permission to perform an action, enter sudo before
the command as follows, and enter your user account password, if asked:

sudo <command>

(e.g. sudo make)

e Delete the meme-<version> directory by entering the following command in the Terminal from
the Downloads directory:

rm -r meme-<version>

(e.g. rm -r meme-5.5.7)

e Install development tools by entering the following command in the Terminal:

sudo apt install build-essential

e Install zlib by entering the following command in the Terminal:

sudo apt-get install zliblg-dev

e Install assorted common utilities by entering the following commands in the Terminal:

sudo apt-get install autoconf
sudo apt-get install automake

sudo apt-get install libtool

e Decompress the MEME Suite compressed file again and follow the installation instructions.
e Follow the troubleshooting instructions on the MEME Suite installation site for additional help.

Problem 2
The script setup.command may fail. We have noted this particularly in Ubuntu. (This refers to step 6
in the section installation of TargetOrtho2).

¢? CellPress
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Potential solution
e Manually download the genome files (ending in genomic.fa.gz) from the following URLs:

C. elegans: https://ftp.ebi.ac.uk/pub/databases/wormbase/parasite/releases/WBPS10/species/
caenorhabditis_elegans/PRINA13758/

C. briggsae: https://ftp.ebi.ac.uk/pub/databases/wormbase/parasite/releases/WBPS10/species/
caenorhabditis_briggsae/PRINA10731/

C. brenneri: https://ftp.ebi.ac.uk/pub/databases/wormbase/parasite/releases/WBPS10/species/
caenorhabditis_brenneri/PRJINA20035/

C. remanei: https://ftp.ebi.ac.uk/pub/databases/wormbase/parasite/releases/WBPS10/species/
caenorhabditis_remanei/PRINA53967/

C. japonica: https://ftp.ebi.ac.uk/pub/databases/wormbase/parasite/releases/WBPS10/species/
caenorhabditis_japonica/PRINA12591/

P. pacificus: https://ftp.ebi.ac.uk/pub/databases/wormbase/parasite/releases/WBPS10/species/
pristionchus_pacificus/PRINA12644/

P. exspectatus: https://ftp.ebi.ac.uk/pub/databases/wormbase/parasite/releases/WBPS10/
species/pristionchus_exspectatus/PRJEB6009/

A. lumbricoides: https://ftp.ebi.ac.uk/pub/databases/wormbase/parasite/releases/\WWBPS10/
species/ascaris_lumbricoides/PRJEB4950/

e Transfer these files to the genomes folder in the TargetOrtho2_Python3_github folder.
e In the Terminal, navigate to the directory TargetOrtho2_Python3_github.
e Decompress the genome files by entering the following command:

gunzip -r genomes

Problem 3
When targetortho.py encounters an error, it deletes all the output files. You may need to trouble-
shoot errors in running targetortho.py. (This is related to step 8 in the section use of TargetOrtho2).

Potential solution

e To preventtargetortho.py from deleting output files when it encounters an error, comment out the
following code in line 1033 in targetortho.py:

clear_error ()

(i.e. #clear_error())

Problem 4

When attempting to run targetortho.py, you may receive an error message indicating that a neces-
sary Python module, such as scipy, is not installed. (This refers to step 8 in the section use of
TargetOrtho?2).
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Potential solution

e Install the indicated module.
e To install scipy, enter oneEeeeee of the following commands in the Terminal:

MacOS:

sudo pip install scipy |

Ubuntu and Windows (WSL):

sudo apt-get install python3-scipy |

Problem 5
Some input PSSMs result in empty fimo output files. This is due to the p-value threshold being set too low
(stringent) for the particular input motif. (This refers to step 8ai in the section use of TargetOrtho2).

Potential solution

e To resolve this error, set the p-value threshold higher.

RESOURCE AVAILABILITY
Lead contact

Further information and requests for resources and reagents should be directed to and will be fulfilled by the lead con-
tact, Oliver Hobert (or38@columbia.edu).

Technical contact

Technical questions on executing this protocol should be directed to and will be answered by the technical contacts,
Jonathan D. Rumley (jdr2203@columbia.edu) and Jee Hun Kim (jk4213@columbia.edu).

Materials availability

This study did not generate new unique reagents.

Data and code availability

All code developed for this publication is available in the GitHub repository TargetOrtho2_Python3 at https://github.
com/jdrumley1989/TargetOrtho2_Python3 (https://doi.org/10.5281/zenodo.14750829).
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