IPANEMAP Suite tutorial
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STEP 1: Initialisation and Configuration

P P ) cmd : >ipasuite run
cmd : >ipasuite init myproject-name

H  Create project and folder/files Lt >lpasl{lt¢.9 correl (optional)
" " = y and
Fill resources folder with :
- Raw data files (.txt, .abior ...)
- Sequence files (.fasta with U) STEP 4 : Aggregation of replicates

- MSAfiles

cmd : >ipasuite run

cmd : >ipasuite correl (optional)
& Data aggregation
& Replicate consistency check

cmd : >ipasuite prep
= Automated filling of the samples.tsv file

Configuration (Graphic interface) = output files in /results/*
cmd : >ipasuite config
Fill-in the following fields in the Graphic interface: STEPS: MOde"[‘g and Footprlntlng
G ! analysis
eneral setting

Split sequences option
Sequences
Experimental conditions (Probe, conditions, ...)

cmd : >ipasuite config
Configure IPANEMAP modeling in the Graphic interface

STEP 2: Deriving reactivities by

cmd : >ipasuite run
QuShape B 2nd structure model generation — .csv, .dbn, .VARNA

and.svg output files in /results/5.3-structure and 5.4-varna

cmd : >ipasuite run

E  Qushape files creation in folder /results/2-Qushape i .
Footprinting analysis

cmd : >ipasuite qushape

Manual analysis of the Qushape files cmd : >jpasuite config
Footprint configuration on Graphical interface
cmd : >ipasuite run
H Significant differential calculation: AR = Reong2 — Reondt
H.csv,.vama and .svg output files in results/5.5 footprint

Figure 1: IPANEMAP Suite Workflow.

1 Initialisation of projects and configuration

The project is initialised by launching the command ipasuite init myproject-name (Figure 1). This creates
a series of files and folders necessary to run the project (Figure 2). In the first step the capillary sequencer files are
analysed by Qushape [1], to this end, they are placed in the /myproject-name/ressources/raw_data folder created
at the project initialisation. Files should be named as described in Section Input files to allow their automated
integration into the project. Otherwise the sample.tsv file found in myproject-name folder needs to be filled
manually. The sequences fasta files are placed in myproject-name/resources folder, note that several different
sequences can be used in the same project. The path to each sequence fasta file must be declared in the graphic
interface. Then launch the command ' ipasuite prep (Figure 3). The relative file paths for the CE raw data files,
reference files, or pre-treated QuShape output files are automatically populated when filenames follow the specified
format. The resources folder can be populated with new files all along the project progress, notably with raw data
files from replicates or additional probing conditions. Then the ipasuite prep command needs to be re-run and
a new samples.tsv file is generated each time.

If using the option to concatenate elongations from different primers on the same RNA (“subsequences”), the
nucleotides number for the start and the end of reverse transcription should be filled in samples.tsv.
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Figure 2: IPANEMAP Suite pipeline directory tree : Folder groups are color-coded based on their creation stage.
Folders created after project initialization are highlighted in purple. Blue highlights folders created after raw data
processing and QuShape files creation. Orange corresponds to folders containing reactivity files generated after
Qushape analysis. Green corresponds to output folders created after ipanemap modelisation and yellow corresponds
to figures folder, figures are created all along the pipeline for each step.
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Probed files
(here 1M7)

cmd line 1>ipasuite prep (samples.tsv auto-filling)

X @ @ @ @ @ @ 1 ) K L @ probe files (B) control files (A)

1 fid ma_id date ‘experimenter probe temperature magnesium ddNTP ma_begin ma_end rt_begin_pos rt_end_pos replicate probe_file control_file

2| 14KQY 2023-10-06PH w7 37Mg ddA 14KQY_B1_IM7_T37_Mg_ddA_2023-10-06_PH.CO1_240109125U.txt 4KQY_A1_DMSO-1M7_T37_Mg_ddA_2023-10-06_PH.B01_24010912SU.txt

3| 24KQY 2023-10-11PH w7 37Mg i X | 4KQY_A2_DMSO-IM7_T37_Mg_ddA_2023-10-11_PH.D01_240109125U.txt

4 | 34KQY 202311-17PH w7 37Mg ddA B3_IM7_ ) ddA 17§ ¥ 4KQY_A3_DMSO-1M7_T37_Mg_ddA_2023-11-17_PH.FO1_240109125U.txt

5 | 44KQY 2023-1117PH M7 37MgSAM  ddA 44KQY_B4_IM7_T37_Mg-SAM_ddA_2023-11-17_PH.C02_24010912SU.txt 4KQY_A4_DMSO-IM7_T37_Mg-SAM_ddA_2023-11-17_PH B02_24010912SU.txt
6 | 54KQY 2023-12-14PH M7 37MgSAM  ddA 54KQY_B5_IM7_T37_Mg-SAM_ddA_2023-12-14_PH E02_24010912SU.txt 4KQY_AS5_DMSO-IM7_T37_Mg-SAM_ddA_2023-12-14_PH.D02_24010912SU.txt
7 | 64KQY 2023-12-14PH w7 3TMgSAM  ddA 64KQY_B6_IM7_T37_Mg-SAM_ddA_2023-12-14_PH.G02_240109125U.txt 4KQY_A6_DMSO-1M7_T37_Mg-SAM_ddA_2023-12-14_PH.F02_240109125U.txt

Figure 3: Streamlined data entry with autofill of the samples.tsv file : (A) Raw data files naming convention for
automatic filling of the samples.tsv file. (B) Example of SHAPE-CE .txt input files provening from a CEQS8000
sequencer (C) Autofilled samples.tsv generated by the command |ipasuite prep .



Input files

RNA sequences and RNA multiple sequence alignment files should be in fasta format (.fas). Although input
files can be named arbitrarily, we have set a naming convention allowing for direct and automated integration into
the pipeline (Figure 2) :

SHAPE-CE files should be placed in the folder myproject-name/raw data and named as follows:

e probed file : RNAid_Bexp-nb_probe_condl_cond2_ddNTP_date_experimenter.additional-information.txt
e control file : RNAid_Aexp-nb_DMSO-probe_condl_cond2_ddNTP_date_experimenter.additional-information.txt

RNAid is the name of the RNA of interest, A and B correspond to control (DMSO) and probed (SHAPE)
reactions respectively, they are immediately followed by the experiment number (exp-nb) which should be the
same for the cognate A and B. We use the replicate number as the experiment number, condl and cond2 are
two parameters of the conditions in which the experiment has been carried out. For instance the magnesium
concentration and the temperature, ddNTP corresponds to the chain terminator used in the sequencing reaction.
Conditions are optional entries and may be replaced by a "x" or any meaningless character in the file title. The
fields “experimenter” and additional information are optional. Already treated Qhshape files may also be integrated
in the pipeline by placing them in files should be placed in myproject-name/ressources/raw data folder and
named as follows:

RNAid_reagent_condl_cond2_exp-nb.additional-information.qushapey

Reactivity files from any experimental/analytical pipeline such as SHAPE-CE, CAFA, HiTrace, FAST, RiboCat,
or HT SHAPEMaP, SHAPESeq or DMSMApseq files may be integrated in the workflow. Such files should be tab
delimited .txt including the nucleotide number in the first column and its reactivity in the second. they should be
placed in myproject-name/ressources/raw data folder and named as follows:

RNAid_reagent_condl_cond2_exp-nb.additional-information.map
Warning : 1) Files should carry the extension .map even not withstanding the software that generates them 2) For
consistency one should check if all the reactivity files used in the same project follow the same outliers removal and
normalisation rules.

Input files may be added in the course of a project, update of the samples.tsv file through ipasuite prep
and if necessary (when adding conditions, IPANEMAP or footprint runs) through the graphic interface should be
performed for the reactivity files to be integrated into the pipeline.

In IPANEMAP Suite, condl and cond?2 are predefined as temperature and magnesium concentration respectively.
These two parameters are frequently modified to get information about RNA tertiary structure [2], but the “conds”
field may contain any useful information. File naming convention is not mandatory, but in case another nomenclature
is used for naming the files, information necessary to process the data should be manually declared in the samples.tsv
file. Similarly, a infinite number of conditions may be used, but they need to be manually entered in the samples.tsv
file. Example files are available at https://github.com/Sargueil-CiTCoM /ipasuite

Configuration

Once initialised, the project is parametrized in the graphical interface launched by ipasuite config . The
conditions and probes are entered in this interface, there is no limit to the number of sequences, conditions or probes
used.

In the two last boxes IPANEMAP and footprint runs are configured, here again there is no limit to the number
of runs that can be set-up and run indefinitely (Figure 5). Each IPANEMAP run is identified by a unique ID
(pool ID) ensuring traceability (Figure 4). Upon addition of new data files in an ongoing project, IPANEMAP
Suite can be rerun, updating information in the graphic interface is necessary only if new sequences, probes or
conditions are added, then |ipasuite prep needs to be re-run.

Concatenation of results obtained by elongations from different primers on the same RNA

IPANEMAP suite offers the possibility to automatically concatenate results obtained from the same sequence
using different primers. This allows to easily work with long RNA. To use this option, tick the use subsequence
in the graphical interface, and enter the primers positions in the sample.tsv file.



Ipanemap

Configure Ipanemap modeling runs

Define a unique name for each run = Pool_id
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- probe 1M7 v
temperature 37 v
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Figure 4: Configuration of the Multiple probing profiles integration option. The third IPANEMAP box at the
bottom represents the model prediction configuration that incorporates both 1M7 and DMS reactivity constraints
to guide the prediction process.
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Ipanemap

Configure Ipanemap modeling runs

Define a unique name for each run = Pool_Id

- Ipanemap ... tRNA-Asp-Mg ]

Sequence 2TRA v
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|- probe 1M7 v

temperature 37 v — Prediction based on 1M7 constraints only

magnesium Mg v

+ Add

Alignements

+ Add

- Ipanemap ... tRNA-Asp-Mg-align ]
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B v 7]

| temperature | 37 v | Prediction based on 1M7 constraints
magnesium | Mg v combined with alignment file

= Phylogenetic data integration

Alignements

RFO0005 /home/citcom/partage-debian/tRNA-Asp-Scere

+ Add \ —
N\

Alignment folder path :
/home/citcom/partage-debian/tRNA-Asp-Scerevisiae/resources/RF00005.afa.txt

|
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Footprint

Configure Footprint runs

Pool_id (as defined above) determines the secondary structure model used for footprint output.

’i Footprint ID  Footprint-SAM
Sequence 4KQY v
Pool ID | yit]-Mg-SAM
Condition1
probe 1M7 v
temperature = 37 v
"'96" v | «—— Condition without ligand (-SAM)
Condition2
probe  1M7 v AR = React, g5y - React gpy
temperature = 37 A
ligang _sAM v | «—— Condition with ligand (+SAM)

Figure 5: (A) Configuration of the phylogenetic data integration for secondary structure model prediction. The
title for the alignment is arbitrary. In this example, the Rfam tRNA identifier RF00005 has been used. Key feature
: Enter the full path to the MSA file. (B) Footprint analgsis configuration. In this example, footprint is configured
to highlight significant reactivity differences induced by ligand addition.



2 Deriving reactivities by QuShape

QuShape analysis can then be launched by ipasuite qushape . The capillary electrophoresis raw data files
are analysed with QuShape according to the procedure described in [1]. The QuShape output files (.qushapey) are
stored in the folder myproject-name/results/2-qushape. Importantly, files previously analysed by QuShape may
be added in this folder to be implemented in the downstream pipeline. In case those files use a probe, or a condition
that was not registered in the original configuration, ipasuite config needs to be re-run.

3 Normalisation and removal of outliers

The command ipasuite run then launches the pipeline until the end of the analysis as parametrized in the
configuration interface. This command will process the data, model the structure and generate all the figures as
described below.

Raw reactivity files are stored in myproject-name/results/3-1-reactivity, normalized reactivity files are
stored into myproject-name/results/3.2-normalized-reactivity and are under a tab delimited format with
the first column being the nucleotide number, the second the nucleotide identity and the sixth corresponding to the
normalised reactivity value.

4 Aggregation of replicates and consistency check between replicates

Then mean reactivity observed of each replicates and the standard deviation are calculated the corresponding
files are stored in myproject-name/results/4-aggregated reactivity , histogramms (.svg files) are generated
and stored in myproject-name/figures/4-aggregated-reactivity.

Before running the whole pipeline, it is possible to check data consistency. In addition to the reactivity files (see
below), ipasuite correl analyse the replicates consistency by calculating pairwise Pearson and Spearman correla-
tion coeflicients for each conditions. The results are stored in RNAid_reagent_condl_cond2_consistency.csv file,
but do not have any automated consequences. The user can annotate non-consistent replicates as ‘discarded’ in the
samples.tsv file (enter "yes" in the "discard" column) to ignore them in a subsequent run. Then, first type the com-
mand ipasuite clean to erase all processed data downstream /2-Qushape analysis, then run ipasuite correl

or ipasuite run to re-process the data.

5 RNA structure modeling by IPANEMAP and footprinting analysis

RNA structure modeling by IPANEMAP

IPANEMAP Suite then yields two secondary structure models for each run configured in the graphic interface.

In the first box enter the Pool _id which unambiguously defines an IPANEMAP run (see above). Models are available
under different file formats in myproject_name/results/5.3-structure and myproject_name/results/5.4-varna
folder (Figure 1), as standard dot bracket file (.dbn) allowing to draw the secondary structure with most of the
secondary structure visualisation software, as Varna session files (.varna) allowing the visualisation of the secondary
structure coloured according to the reactivity, and finally as vector graphics svg files. Note that IPANEMAP runs
may be configured at anytime and run launching the command |ipasuite run which will not recalculate the
reactivity but only execute the new IPANEMAP runs configured

Footprinting analysis

For each footptint configured in the graphic interface (see above) IPANEMAP suite then yields results as
RNAid_footprint_foot-id.tsv files which include the averaged reactivity of each nucleotide for each condition,
their differences, the relative changes, p-values from a two-sided t-test, and significance results (.tsv files). The
information is also presented in histograms (.svg files) and secondary structure figures (.svg and .varna files). All
results are stored in the folder myproject_name/results/figures/5.5-footprint. The Pool ID defines the
structure model used for the secondary structure figures. Note that footprint runs may be configured at anytime
and run launching the command ipasuite run which will not recalculate the reactivity but only execute the new
footprint runs configured.
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