SyBR Documentation

(1) Overview

SYBR offers a fully automated and scalable workflow that integrates synteny analysis,
evolutionary breakpoint detection, functional enrichment, and ancestral genome reconstruction to
facilitate the study of genome evolution. Even when working with fragmented or incomplete
genome assemblies, the pipeline enables the detailed resolution of genomic conservation,
chromosomal rearrangements, and the evolutionary context in which these events occurred by
integrating high-confidence alignment filtering with downstream analytical modules. Because of
this, SYBR is a valuable tool for comparative genomics and for expanding our understanding of
the processes that influence chromosome structure and evolutionary history.
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Fig. 1: Schematic illustration of the workflow of the SyBR pipeline. Showing input files/folders (blue in colour)
and output files/folders (green in colour). Black-filled dots indicate the input at a particular step. Solid lines with a
particular colour show the route of a specific file in the workflow. Dotted lines show the conditional input.



(2) Installation:

The Sybr pipeline can be installed via GitHub, and dependencies can be installed in a conda
environment.

(2.1) Prerequisites:

All the dependencies need to be installed via conda. So conda should be installed before
installing the SyBR pipeline.

(2.1.1) Conda Installation:

This project requires Conda to manage dependencies. If you already have Conda (Miniconda or
Anaconda) installed, skip to this.

Check if Conda is Already Installed

Open a terminal and run:

conda --version

e [fyou see something like conda 24.x.x — Conda is already installed, skip the section
below.
e [fyou see 'command not found,' install Conda.

If Conda is not installed on your system, follow this step-by-step guide for Ubuntu:

https://medium.com/@mustafa kamal/a-step-by-step-quide-to-installing-conda-in-ubunt
u-and-creating-an-environment-d4e49a73fc46



https://medium.com/@mustafa_kamal/a-step-by-step-guide-to-installing-conda-in-ubuntu-and-creating-an-environment-d4e49a73fc46
https://medium.com/@mustafa_kamal/a-step-by-step-guide-to-installing-conda-in-ubuntu-and-creating-an-environment-d4e49a73fc46

(2.2) Installation of Sybr:

(2.2.1) Clone the Repository:

Clone the project from GitHub using the following command:

git clone https://github.com/BioinformaticsOnLine/Sybr.git

(2.2.2) Set File Permissions:

Grant the necessary permissions to all files and directories:

chmod -R 777 Sybr

(2.2.3) Navigate to Project Directory:

Change the directory into the project folder

cd Sybr

(2.2.4) Create Conda Environment:

Install all required dependencies by creating the Conda environment from the provided YAML
file

conda env create -f install sybr_dependence.yml



(2.2.5) Activate Conda Environment:

conda activate sybr

(2.3) Preparation of Input Files:

For the user's reference, we provide an example of input data. User can download the example
data from these links:

Fast track: - Example input files with pre-computed alignments:
https://doi.org/10.6084/m9.figshare.32315682

Slow track: -Example input files without pre-computed alignments:
https://doi.org/10.6084/m9.figshare.32315892

For each module, there are separate input files and folders. Users can provide the inputs
according to the result requirements, but the file structure is fixed. The user should provide the
input in the same structure as this:

—

species_info.txt
tree. txt

classification.eba
protein_annotation.tsv
Genus_spsl.fa

Genus_sps2.fa
Genus_sps3.fa

t:: all_sequence_lengths. txt

Genus_sps2.txt
Genus_sps3.txt



https://doi.org/10.6084/m9.figshare.32315682
https://doi.org/10.6084/m9.figshare.32315892

This pipeline is run in five modules. Users can select the modules to run based on their needs.
Five modules are:

# — Pipeline stages to run
run stages:
run satsuma alignment: false
run lastz alig false
true

enrichment analysic
chainNet generation: false
eq recunstruction: false

To activate the module to run, users need to set it to true in run_sybr_config.yaml. And to
deactivate the module, set it to false. For every module, specific file formats and structures are
required. Explained in detail below:

(2.3.1) Common input files for multiple modules:

(2.3.2) fasta:

In the input folder, folder named fasta contains the input fasat files which are common for the
modules run_satsuma_alignment, run_lastz_alignment, eba_analysis, and
chainNet_generation. The format of input fasta files should be like: Genus_species.fa and
every header should contain numeric value only.



e) ajayeajay-SS400TR-34:

ajay@ajay-SS400TR-34:
ajayeajay-55400TR-34:
Genus_sps2.fa Genus_sps3.fa

> TGATGTACATATA
) ajay@ajay-SS400TR-34:

(2.3.2.1) Input Files for synteny processing:

The file structure of synteny processing should be like this:

all_sequence_lengths.txt

Genus_sps2.txt
Genus_sps3.txt

(2.3.2.2) all_sequence lengths.txt:

This is a tab-delimited text file with three columns and without headers. The first column is the
chromosome or scaffold number; this number should be numeric only (e.g., 1, 2, 3...).

The first column is the chromosome or scaffold number; this number should be numeric only
(e.g., 1,2, 3...). The second column contains the size or length of the chromosome or scaffold.
The third column is for the name of the species. It should match what is mentioned in the other



input files. This file contains information on all sequences from all species. The tengths of the
reference genome’s sequences should be written three times, once for each resolution selected for
synteny analysis.

In the SYBR tool's home folder, the genome_length _maker.sh script is provided, which creates
all_sequence_lengths.txt. The usage of this script is like this:
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This script calculates the lengths of all sequences across all genomes in the folder where it runs.
The name of all the genomes should be written as Genus_species.fasta.

(2.3.2.3) Scaffolds.txt:

This file contains the names of species whose genome assemblies are not at the chromosome
level. If all the genome assemblies are chromosome-level, then modify the pipeline_paths.yaml
from this

file: "inputs,

scaffolds file: "ALL CHROMOSOMES"

/br) ajay@ajay-SS400TR-34: $ 1s

Gehus_spsz.txt Genus_sps3.txt
(sybr) ajay@ajay-SS400TR-34: $ head Genus
6 1 r 3 .. A C AQ

4500431 45
16

22441¢€
224419 224597

Or) ajay@ajay-SS400TR-34:

—~EEPRERBERRPRE P
+ 4+ + + + A+ +++

In the Satsuma_alignments folder, all the alignment files present are aligned by the Satsuma
tool. The format of the name of alignment files should be Genus_species.txt. Each file is a
tab-delimited text file with 8 columns; it should not have headers. The first column is the
chromosome number / scaffold number (numeric only), the second column is the reference
start coordinates, the third column is the reference end coordinates, and the fourth column is
the query chromosome/scaffold number (numeric). The fifth column is query start
coordinates, the sixth column is query end coordinates, the seventh column is the score of
Satsuma, and the eighth column is the strand.



(2.3.3) Input Files for eba_analysis:

The file structure to run eba_analysis should be like this:

L

L classification.eba

(2.3.3.1) classification.eba:
lineage=

spsl=Genus sps2,Genus sps3,Genus sps4,Genus sps>5
nodel=Genus sps2,Genus sps3

This is a classification file for EBA. In this file, the user can classify groups of related species
by node or order. The first line of this file should be lineage=, the second line should start with
the name of the reference species, and all remaining species names should follow the = sign. In
the next lines, species can be classified into different groups.

For a detailed explanation, the user should visit the documentation of the EBA tool:
https://pure.aber.ac.uk/ws/portalfiles/portal/10624966/Narayan_J.pdf


https://pure.aber.ac.uk/ws/portalfiles/portal/10624966/Narayan_J.pdf

(2.3.4) Input Files for enrichment_analysis:

The file structure for the enrichment_analysis module should be like this:

(sybr) ajay@ajay-SS400TR-34: $ 1s

Genus_spsl.fa Genus_sps2.fa Genus_sps3.fa

(sybr) ajay@ajay-SS400TR-34: $ head Genus spsl.fa
';-:]_

(JTF—\}—\(JTTTL CTTTCGGAC :"—\:"—\;"—\(JT[J:"—\T:"—\:"—\A:"—\T' GAAC i—\TT(JTTT.,. .,.i—\i—\i—\i—\f—\(J CTAAGATT
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g acatAAAATATCGATAGTCC }—\(JTT(J}—\}—U—U }—\[JT(J!—\}—\}—\(J}—\T(J}—\T(JT(J}—\T(J}—\
TAATTTAGAAATGATGTACATATAGCATCATCTAATGTTATTTGAGTTCTAGAAGC
(sybr) ajay@ajay-SS400TR-34: $

( r) ajay@ajay-SS400TR-34: $ 1s
protein_ annotatlon tsv
$ head protein annotation.tsv
ll]P('ﬁE)j_t',

e e e R e e e e e

This is a tab-delimited text file without headers, with five columns. The first column contains
the chromosome accession number of the reference genome. The second column represents
the start coordinates of the gene in the reference genome. The third column is the end
coordinates. The fourth column contains the chromosome number (numeric only), and the
fifth column contains the accession number for protein-coding genes or gene ID according to
the need in getENRICH tool.

Users can download this file from NCBI.



(2.3.5) Input Files for Ancestor_seq_reconstruction:

The file structure to run Ancestor_seq_reconstruction should be like this:

tree.tXxt

(2.3.5.1) LastZ_alignments:

In the inputs folder LastZ_alignments, the user should put lastz alignment files with the .axt
extension. The file name format should be: species. axt.

r) ajay@ajay-SS400TR-34:
Xt sp axt

ttattcgcGTTCATC C C ATATTTGGGGAATCTTTGGATGA
TGT! CTTGGTGTCG
TTTGGGGAATCCTTGGATAA

CTTTGGATGACGCTCTTTCGAATGA
TATTTTTTT
3 CTTTCGAATGATGT

chrl 5683 7 1071 + 15714
CAGTACTTCTCCCT. CGACAct tgaaactttatttttgtttttattcgcGTTCATC
ATTTTCTCATATGTTTTCATGGAGATATCACCGGTCTACGATTGTGATGTCTTGGTGTCGTTATAACGTTCTACTTCCGTA




(2.3.5.2) species_info.txt:

This file contains information about the reference, descendant, outgroup, chromosome-scale,
and scaffold-level assembly. There are three columns in this file separated by a space. The first
column is the species name, the same as the file's name in the seq and LastZ_alignments
folders. The second column represents the species' role. 0 = reference , 1 = descendant, 2 =
outgroup. The third column represents the assembly level. 1 = chromosome-scale, 0 =
scaffold-level.

Please refer to https://github.com/jkimlab/DESCHRAMBLER for details.

(2.3.5.3) tree.txt:

This file contains the Newick tree for the species listed in the species_info.txt file. The target
ancestor must be  specified by the "@"  symbol. Please refer to

https://github.com/jkimlab/DESCHRAMBLER for details.



https://github.com/jkimlab/DESCHRAMBLER
https://github.com/jkimlab/DESCHRAMBLER

(3) How to run the SyBR pipeline:

HH H R

#
#
#
#

# — EBA parameters (user-facing)
eba:
F EBA 1

c

(3.1) run_sybr_config.yaml:

After setting the file structure in the input folder, the user must create a config file named
run_sybr_config.yaml. Provide the path of the input folder in base input_dir and the path of
the output folder in base output_dir. After setting the paths, set the modules you want to run to
true. In reference_name and ‘r:’ in eba, provide the name of the reference species.



For reference_species, provide the species name. In EBA, ‘n:’ represents the number of
species excluding the reference species, while ‘p:* denotes the primary resolution for synteny
processing. In getenrich, 'r:' represents the KEGG code. Ko represents the KEGG ortholog.

If the KEGG organism list includes reference species, provide the KEGG organism code for
each.
The user can review the KEGG organism list at this link:

https://www.genome.jp/kegg/tables/br08606.html

(3.2) pipeline_paths.yaml:

This config file remains unchanged. The user needs to change this configuration file if all the
genomes in the analysis are chromosome-level. In this case, the value of scaffolds_file will be
ALL_CHROMOSOMES instead of the path to Scaffolds.txt. If some genomes are not
chromosome-level, then leave them.

'outputs/
inputs/synteny processing/Scaffolds.txt" or "ALL CHROMOSOMES" to include everything
"input

stination dir: "outy


https://www.genome.jp/kegg/tables/br08606.html

(3.3) sybr.sh:

jay-SS400TR-34:

The file is a helper script for running this Snakemake pipeline. To see all the options in the
pipeline, run this script with the help option: sybr.sh -h.

The very basic usage of sybr pipeline is this:


http://sybr.sh

In this command, the window size will default to 100000, 300000, and 500000. And the step
size will be 30000. To use a custom window and step size, the user can use the flags -w and -p
as shown in the help section. For a detailed understanding of window size and step size, please
refer to https://pmc.ncbi.nim.nih.gov/articles/PMC2726151/

To get clean output and remove intermediate files, the user can use the -C (capital C) flag. -¢
(small c¢) is for run_sybr config.yaml config file, which will be used for the renamed config

file.

< Completed

« Completed

+ Completed

< Completed |

+ Completed

< Completed

< Completed



https://pmc.ncbi.nlm.nih.gov/articles/PMC2726151/

(4) Outputs of Sybr:

These are the three folders generated as a result of running sybr pipeline with all modules
activated:

) ajay@ajay-SS400TR-34:

) ajay@ajay-SS400TR-34:

The results of the synteny_processing module will be generated in the synteny_processing
folder in the output folder. The results of the eba_analysis and enrichment_analysis modules
will be generated inside the eba_analysis folder in the output folder. The results of the
chainNet_generation and Ancestor_seq_reconstruction modules will be generated in the
Ancestor_seq_reconstruction folder within the output folder.

(4.1) synteny processing:

The synteny_processing output folder has two subfolders: synteny_plots and synteny_results

/br) ajay@ajay-SS400TR-34:

The synteny results output folder contains subfolders for each resolution; within each
resolution folder, there are subfolders for each species. And in each species folder, there is a
blocks_info file, which contains the processed synteny information of reference and query at a
particular resolution.

The blocks_info file looks like this:

eference_genome Genus_spsl chr < Genus start Genus_spsl _end Genus s2_chromosome Genus_s
s sps2 end  Sign Target_genome Comm
nominal int int nominal t int i nominal int nominal
5 2 Gen

P

Genu
04
06 6746569 Genus_sps2

7

Genus

WWH R

11
12
13
s 14
Genus 15
Genu
Genu
Genu




The Synteny_plots output folder also contains resolution output folders:

synteny plots$ 1s

100k 300k 500k

In each resolution folder, for each species, two kinds of plots will be generated to visualize
synteny results:

Gonus sz

.

(4.2) eba_analysis:

tThe eba_analysis output folder has two subfolders: EBRs and msHSBs. The EBRs output
folder contains all the results related to evolutionary breakpoint regions. The msHSBs output
folder contains all results related to multispecies homologous synteny blocks.

eba_analysis$ 1s

EBRs msHSBs




(4.2.1) EBRs:

This output folder contains a text file (EBRs_stats.txt) with statistics for EBRs. This
information can be visualized in another HTML file, called EBRs_stats.html. A full list of
EBRs is available in EBRs.txt. The input files for the getENRICH tool for pathway enrichment
for all EBRs together and for individual species or nodes are available in folders named after the
corresponding species.

$ head EBRs.txt

18 lﬁ 376

base) ajay@ajay-SS400TR-34: $ 1s

brkfile2 EBRs_split_done.txt EBRs_stats.txt ebr_stats.log

hrkf11e3 ebrs_processed.marker EBRs_stats.html EBRs_subdirs_overlap_done.txt EBRs.txt
ajay@ajay-SS400TR-34: $ cd EBRs_Enrichment res
ajay@ajay-SS400TR-34:
und.txt EBRs_NCBI_genes_overlap.txt foreground.txt

(base) ajay@ajay-SS400TR-34:




(4.2.2) msHSBs:

This output folder contains a list of all msHSB coordinates and msHSB sequences for the
reference genome in msHSBs.txt and msHSB_sequences.fasta. In addition to these,there ate
the input files for getENRICH pathway enrichment analysis of msHSBs same as in EBRs.

(sybr) ajay@ajay-SS400TR-34: $ head msHSBs.txt
187435

16475403
16587181




STAAAGGATTC

GATGTGTCCGGTGE

TA TGAGT

(4.3) Ancestor_seq_recunstruction:

The ancestor seq reconstruction output folder contained two subfolders: the data folder, which
contains the chain and net files used by the DESCHRAMBLER tool for ancestor seq
reconstruction. And APCFs. 300K contains the final reconstruction results.

outputs/Ancestor_seq recunstruction$ 1ls

APCFs.300K data

Many files are generated in the APCFs. 300K directory. Among them, the following files are the
most important and useful.

(4.3.1) block_list.txt (in the ""SFs" subdirectory)

This file contains the coordinates and identifiers of syntenic fragments (SFs) used in
reconstruction.

Column 1: chromosome or scaffold

Column 2: start position (0-based); add 1 to obtain the actual start position
Column 3: end position (1-based)

Column 4: orientation

Column 5: identifier

$ head block list.txt




(4.3.2) Conserved.Segments (in the "SFs'" directory)

This file contains the coordinates of the genomic regions for each species in each SF.
Lines starting with ">": ><identifier of an SF>

Other lines: the coordinates of the genomic regions for each species in the SF. The
The format is as follows.

<species>.<chromosome or scaffold>:<start position>-<end position> <orientation>

Here, the start position is 0-based, and the end position is 1-based. You need to add 1 to the start
position to obtain the actual start position.

ybr) ajay@ajay-SS400TR-34: $ head Conserved.Segments

(4.3.3) Ancestor.APCF

This file contains the list of ancestral predicted chromosome fragments (APCFs) and the order
and orientation of SFs in each APCF.

Line 1: >ANCESTOR <total number of SFs>
Lines starting with "#": # APCF <identifier of APCF>

Other lines: the order and orientation of SFs in the APCF are shown immediately above each
line.
SFs are shown using their identifiers (see the block list.txt file).

) ajay@ajay
STOR

-SS400TR-34: S $ head Ancestor.APCF
]

) ajay@ajay-SS400TR-34:




(4.3.4) Ancestor.ADJS

This file contains the predicted adjacencies of pairs of SFs and their scores used in the
Ancestor.APCEF file. SFs are shown using their identifiers (see the block list.txt file).

Column 1: the first SF identifier
Column 2: the second SF identifier
Column 3: adjacency score of the first and the second identifiers

In the first and second columns, 0 means the end of APCFs. For example, "0 64" means the SF
64 is placed at the end of a current APCF.

(4.3.5) APCF size.txt
This file contains the total length of APCFs.

Column 1: APCF identifier
Column 2: total length

The last line shows the total APCF length.

SS400TR-34: $ head APCF size.txt

(4.3.6) APCFs

This file contains the coordinates of genomic regions for each species that match each APCF.

Lines starting with "#": #<identifier of APCF>
The coordinates of genomic regions of each species (grouped by species) follow this line.



or) ajay@ajay-SS400TR-34: $ head APCFs

.chrl:566521-15747356

.chrl:3973734-19

.chr5:2406227 - 16-

or) ajay@ajay-SS400TR-34:

(4.3.7) APCF_<SPC>.merged.map

This file contains the mapping of genomic regions of the SPC species for APCFs. Each mapping
is shown by using the following three lines.

><identifier of mapping>
APCF.<identifier of APCF>:<start position in APCF>-<end position in APCF> <orientation>
<SPC>.<chromosome or scaffold>:<start position in SPC>-<end position in SPC> <orientation>

The start position is 0-based, and the end position is 1-based. You need to add 1 to the start
position to obtain the actual start position.

(sybr) ajay@ajay-SS400TR-34: $ head APCF spsl.merged.map

+

) éjay@ajay-SS400TR-34:
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