
Libraries used in Compass 
 
--- Run as an administrator for installing all the libraries since admin permission is 
required. 
 
#for activating any kernels or environments you can type 
--- conda activate env_name 
 
#for creating any kernels or environments you can type 
 
--- conda -n env_name 
 
#for deactivating kernels or environments, you can type 
 
--- conda deactivate 
 
#for viewing the environments present in anaconda type 
 
--- conda env list 
 
#for viewing all the libraries installed in anaconda type 
 
--- conda list 
 
#to view the version of anaconda that we are using type 

--- conda --version 

#rise env -- python=3.9 (needed for installing tensorflow since tf is 
compatible with only < python==3.9 version) 

#to export any environment from one notebook to another use === 

--- conda env export > environment.yml 

1.)​conda install pandas 



pandas - used for data analysis, data extraction and data preparation, offers data structures and 
operations for manipulating numerical tables and time series. 

2.)​conda install numpy 

numpy- adding support for large, multi-dimensional arrays and matrices, along with a large 
collection of high-level mathematical functions to operate on these arrays. 

3.)​conda install tensorflow 

tensorflow - used mainly for training and inference of neural networks. TensorFlow 
computations are expressed as stateful dataflow graphs. 

4.)​conda install matplotlib 

matplotlib - plotting library for the Python programming language and its numerical mathematics 
extension NumPy. Used in scientific research as a tool for data visualization. 

5.)​conda install scipy 

scipy - used for scientific computing and technical computing. The basic data structure used by 
SciPy is a multidimensional array provided by the NumPy module. NumPy provides some 
functions for linear algebra, Fourier transforms, and random number generation. 

6.)​conda install imageio 

imageio - Imageio is a mature Python library that makes it easy to read and write image and 
video data. This includes animated images, video, volumetric data, and scientific formats 

7.)​conda install scikit-learn 

scikit-learn - scikit-learn (formerly scikits.learn and also known as sklearn) is a free and open- 
source machine learning library for the Python programming language.[3] It features various 
classification, regression and clustering algorithms including support-vector machines, random 
forests, gradient boosting, k-means and DBSCAN, and is designed to interoperate with the 
Python numerical and scientific libraries NumPy and SciPy. 

8.)​conda install keras 

keras - Keras is an open-source library that provides a Python interface for artificial neural 
networks. Keras 3 is a full rewrite of Keras [and can be used] as a low-level cross-framework 



language to develop custom components such as layers, models, or metrics that can be used in 
native workflows in JAX, TensorFlow, or PyTorch. 

9.)​conda install seaborn 

seaborn - Seaborn is a Python data visualization library based on matplotlib. It provides a high- 
level interface for drawing attractive and informative statistical graphics. 

10.)​conda install ipykernel 

ipykernel - this is mainly used for activating and showing that the kernel is properly working in 
the jupyter notebook. It provides the python kernel for jupyter notebook. 

11.)​conda install jupyter 

jupyter - installs the Jupyter Notebook, JupyterLab, and the IPython Kernel. This is an empty metapackage 
for user convenience. 

12.)​conda install theano 

theano – it is a Python library and optimizing compiler for manipulating and evaluating 
mathematical expressions, especially matrix-valued ones. In Theano, computations are 
expressed using a NumPy-esque syntax and compiled to run efficiently on either CPU or GPU 
architectures. 

13.)​conda install cmake ninja 
Ninja - Ninja is a small build system with a focus on speed. 
 

 
14.)​conda install -c conda-forge libuv=1.39 
Libuv - libuv is a multi-platform support library with a focus on asynchronous I/O. It was 
primarily developed for use by Node.js, but it's also used by Luvit, Julia, pyuv, and others. 
 
 
15.)​conda install pytorch 
Pytorch - PyTorch is an open source machine learning (ML) framework based on the Python 
programming language and the Torch library. Torch is an open source ML library used for 
creating deep neural networks and is written in the Lua scripting language. 

https://en.wikipedia.org/wiki/Python_(programming_language)
https://en.wikipedia.org/wiki/NumPy
https://en.wikipedia.org/wiki/Compiler
https://en.wikipedia.org/wiki/General-purpose_computing_on_graphics_processing_units


16.)​conda install scikit-learn-intelex 
Helps in accelerating Scikit-learn applications and still have full conformance with all Scikit- 
Learn APIs and algorithms. It is a free software AI accelerator that brings over 10-100X 
acceleration across a variety of applications. 
 
 
17.)​ conda beautifulsoup4 docutils jinja2=3.1.4 

wheel Or 

conda install -c anaconda beautifulsoup4 
BeautifulSoup – it is a Python library used for parsing HTML and XML documents. It creates a 
parse tree for parsed pages, making it easy to extract data from HTML, handle web scraping 
tasks, and navigate the structure of web pages. It's known for its ease of use and the ability to 
handle poorly formatted markup. 

18.)​conda install scrapy 
scrapy – it is a free and open-source web scraping Python library. It’s designed for large-scale 
web scraping. It comes included with all the tools needed to extract data from websites and 
process them into use-ready states. In addition to web scraping and crawling, Scrapy also allows 
you to use APIs to extract data directly from websites that offer it. 
 
 
19.)​conda install pycaret 
pycaret - PyCaret is an open-source Python machine learning library that’s based on the Caret 
machine learning library written in R. PyCaret offers features that automate and simplify 
standard practices and ML programs. It allows ML developers to spot-check a myriad of 
standard ML and DL algorithms on a classification or regression data set with a single 
command. 
 
 
20.)​conda install opencv 
opencv - OpenCV is a library consisting of various programming functions, which makes it 
useful for real-time computer vision programs. It’s able to process a variety of visual inputs from 
image and video data and identify objects, faces, and handwriting.0 
 
 
21.)​conda install polars 

https://www.geeksforgeeks.org/python-programming-language-tutorial/
https://www.springboard.com/blog/data-analytics/web-scraping-basics/
https://www.springboard.com/blog/data-analytics/web-scraping-basics/


polars - It is a high-performance DataFrame library optimized for large data sets. It utilizes lazy 
evaluation and multi-threading for rapid data operations. 

#libraries repository - https://anaconda.org/conda-forge/repo 
 
22.)​conda install bokeh 
bokeh - it is a data visualization library in Python that provides high-performance interactive 
charts and plots. Bokeh output can be obtained in various mediums like notebook, html and 
server. It is possible to embed bokeh plots in Django and flask apps. 
 
 
23.)​conda install plotly 
plotly - it is a web-based tool that supports many impressive visualizations. It is particularly 
suited for interactive web applications. 
 

 
24.)​conda install pydot 
pydot - it is an interface to Graphviz and is ideal for generating complex graphs. 
 
 
25.)​conda install xgboost 
xgboost - is an optimized distributed gradient boosting library known for its efficiency and 
flexibility. 
 
 
26.)​conda install LightGBM 
Lightgbm - offers gradient boosting with decision tree-based algorithms and is known for its 
speed and efficiency. 
 
 
27.)​conda install catboost 
Catboost – it is a gradient-boosting library known for its speed and quality. It supports numerical 
and categorical data. 

https://anaconda.org/conda-forge/repo
https://sunscrapers.com/blog/python-machine-learning-libraries-for-data-science/#_13-lightgbm


28.)​conda install pattern 
pattern - Pattern is an all-in-one solution offering machine learning algorithms, data collection, 
and analysis. It supports data mining from sources like Google, Twitter, and Wikipedia. 
 

 
29.)​conda install fuel 
Fuel – it acts as a data pipeline for machine learning models, offering out-of-the-box support for 
popular datasets and on-the-fly data preprocessors. 
 
 
30.)​conda install eli5 
Eli5 - Eli5 helps debug machine learning models by offering visualization tools. 
 
 
31.)​conda install pybrain 
Pybrain - Although inactive, PyBrain offers a range of machine-learning algorithms. It was 
designed for both beginners and advanced users. 
 
 
32.)​conda install Dist-Keras 
Dist-keras - uilt on Keras and Apache Spark, Dist-Keras focuses on distributed deep learning. 
 
 
33.)​conda install statsmodels 
statsmodel - Ideal for statistical analysis, StatsModels provides methods for various statistical 
models from simple linear regression to time-series analysis. 
 
STEP 1 – INSTALLING THE LIBRARIES IN THEIR CORRECT VERSION FORMS. 
 
conda install git​ #this is to install the github library and activate git 

Requirements --- in notepad save it as requirements.txt 

●​ python >= 3.10 
●​ gurobipy >= 11.0.0 
●​ numpy >= 1.12 
●​ pandas >= 0.20 
●​ scikit-learn >= 0.19 

https://sunscrapers.com/blog/python-machine-learning-libraries-for-data-science/#_18-dist-keras


●​ scipy >= 1.0 

 
Go to anaconda prompt and add the path as 

--- cd C:\Users\user\Desktop\Harshini 

--- pip install -r requirements.txt 

--- python -m pip install git+https://github.com/wagnerlab-berkeley/Compass.git --upgrade 

#This is to install compass library and clone the repository from github 

 
---compass -h 

#error will come since there needs to be a python version <3.9. Not explicitly mentioned by the 
developer, but Harshini researched it. 

So type 

---conda install python=3.8​  

#first remove all the other packages of python by typing ---conda uninstall python. 

This you have to do because otherwise python 3.9 or higher version will start running. 

# tensorflow 2.24 was installed before. Library gets deprecated because its not needed. 
Harshini says it hurts Compass workflow. Also Python 3.9 or less needs tensorflow 2.18 or 
less. 

--- conda install tensorflow=2.18 

STEP 2 – INSTALLING GUROBI LICENSE. GUROBI HAS ALL THE REACTIONS AND 
METABOLITES THAT WE NEED TO BUILD THE MODEL. WE HAVE LICENSE UPTO 
23-11-2026. 

#first place the gurobi license file in the user folder then copy the path 

--- compass --set-license C:\Users\gurobi.lic 

#to check if its working just type in anaconda prompt 

--- python -c "import gurobipy; m=gurobipy.Model(); print('Gurobi is working')" 

#now to install gurobi in anaconda prompt type 

--- conda install -c gurobi gurobi 
 
#now type this to check in what directory the libraries of gurobi and compass is present. These 
files will exist locally as well under the Compass install directory which can be found by 
running: 

---compass --example-inputs --species homo_sapiens  



# This is an example input. It only shows the input files which is used for pre-processing this 

step is explicitly not required for installing or implementing anything. 

https://github.com/wagnerlab-berkeley/Compass/tree/maste

r 

STEP 3- PREPARING THE INPUT FILES RELATED TO 

GENE EXPRESSION AND SAMPLE NAMES. 

Format Species Used In Compass As Code file 
.tsv Human 

Th17 
cells 

[SCP259] 
Single 

cell 
portal 

Tab-separated gene 
expression matrix: rows = 

genes, columns = cells 

Easy to inspect/edit; used in 
Compass via --expression.tsv 

.mtx Human 
Th17 
cells 

Matrix Market format with 
sparse matrix 
representation 

Used with gene/sample 
metadata: --data-mtx 

expression.mtx  
genes.tsv  

sample_names.tsv 
.h5ad Mouse 

Th17 
cells  

Hierarchical format 
combining expression, 

metadata, and embeddings 

Standard format from 
Scanpy/AnnData; passed via 
--data anndata_object.h5ad 

HARSHINI RENAMED THE ‘matrix.mtx’ FILE PROVIDED IN COMPASS TO 
expression.mtx. SHE ALSO RENAMED ‘barcodes.tsv’ to ‘sample-names.tsv’. 

Harshini generated the .h5ad file from GSE164999. 

 
#now to check the tsv expression file you will have to place the expression.tsv file in the same 
folder as where you are running it in anaconda prompt. 
 
tsv expression file is in the form of [SHOWING AN EXAMPLE OF .TSV INPUT FILE]. Genes 
are in rows and samples are in columns. 
 

https://github.com/wagnerlab-berkeley/Compass/tree/master
https://github.com/wagnerlab-berkeley/Compass/tree/master


 

--- >cd C:\Users\user\Desktop\Harshini\Compass\Compass\compass\Resources\Test-  

Data\tsv_format 
 
// This will take you to the path where tsv folder is present 
 
 
// Next type the below code for pre-processing the expression.tsv file 
 
compass --data expression.tsv --num-processes 10 --species homo_sapiens 
 
Before preprocessing step 

STEP 4 – DISCUSSING THE 4 OUTPUT FILES THAT WE GET AFTER RUNNING. 
 
After preprocessing step  
 



After implementing this code you will get 4 extra files 
​  
1.] reaction.tsv --- Main Output: Compass Score Matrix 
 
Each Row = A Metabolic Reaction 

●​ Example: 10FTHF5GLUtl_pos 
●​ 10FTHF6GLUtl - The core reaction ID from the Recon2 model (e.g., transport of 

10-formyltetrahydrofolate- ) from cytosol to lysosome. 
●​ _pos - Positive flux direction — Compass predicts this reaction flows forward under the 

modeled metabolic conditions. 
●​ Forward direction = dominant 
●​ Reverse direction = minimal 
 

​
 

Each Column = A Cell or Pooled Sample 

Example: 
WT-d_S141_L007_R1_001, 
Ob-DHA-b_S132_L007_R1_001 

●​ Each column is either a single Th17 cell or a 
micropool of similar cells. 

●​ Prefixes denote condition: 
o​ WT = Wild-type 
o​ Ob = Obese or other condition 
o​ DHA, EPA, 911, 1012 = different experimental treatments 

●​ These columns contain Compass scores for each reaction in that sample. 

 

 

 
2.] model.json.gz or model.json — SBML/JSON Encoded Metabolic Model 
 

●​ This is the metabolic network model (based on Recon2.2 or Recon3D) that Compass uses 
internally. 

●​ It’s either:  
▪​ Auto-generated from the specified species like humans or mouse. 
▪​ Or loaded from the provided ---model path. 

●​ What it contains: 
a.] List of metabolic reactions, metabolites, gene-reaction rules, and stoichiometry 
b.] Stored in JSON format for compatibility with COBRApy and Compass 

 



 
 
3.] _tmp Folder --- Temporary Working Directory 

●​ This folder stores intermediate files during Compass execution. 

What’s inside: 

●​ Temporary models for each cell 
●​ Expression constraints per reaction 
●​ Gurobi optimization solutions 
●​ FBA solutions per reaction-cell pair 

This directory allows Compass to: 

●​ Run optimization per cell in parallel 
●​ Store partial progress in case the run is interrupted 
●​ Clean up memory 

 



 

 
 
#for mtx formatted data use 
 

#first you will have to go to 

--- C:\Users\user\Desktop\Harshini\Compass\Compass\compass\Resources\Test- 
Data\mtx_format 

#here change the directory from .tsv to .mtx format 

--- compass --data-mtx expression.mtx genes.tsv sample_names.tsv --num-processes 10 species 
homo_sapiens 
 
 
 
 
 
 
 
Before pre-processing, the following files are present in the folder 

 
After pre-processing,  



 
 

 
PART OF STEP 4. 

#to clear the cache of a folder type this 

---compass --precache --species homo_sapiens 

#preprocessing notebook 

--- conda install statsmodels 

--- conda install scanpy 
 
 
# To run Compass on AnnData objects, use the following command: 

--- cd C:\Users\user\Desktop\Harshini\Compass\Compass\docs\notebooks 

--- compass --data anndata_object.h5ad --num-processes 10 --species homo_sapiens 

--- conda install streamlit 



 
 
 
 
 
 
 
\ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Compass github  
https://github.com/wagnerlab-berkeley/Compass/tree/master 
 

 
1.] .github/workflows ---folder 

https://github.com/wagnerlab-berkeley/Compass/tree/master


 
Workflow files use YAML syntax, and must have either a .yml or .yaml file extension. You must 
store workflow files in the .github/workflows directory of your repository. The file outlines the 
workflow's structure, including jobs, steps, triggers, and other configurations. The file specifies 
the jobs, steps, and runners involved in the workflow. 
 
Compass/.github/workflows/workflow.yml 
 

 
 
---name: Close inactive issues 
/ Describes what the job does — in this case, it manages stale GitHub issues. 
 
---on: 
  schedule: 
    - cron: "30 1 * * *" 
/Uses CRON syntax to run daily at 01:30 UTC, GitHub schedules this workflow automatically 
— no human or push trigger needed. Cron syntax incorporates logical operators, which are 
special characters that perform operations on the values provided in the cron field 

---jobs: 
  close-issues: 
    runs-on: ubuntu-latest 
/This defines a single job named close-issues, it will run on GitHub's Ubuntu Linux virtual 
machine 
 
---permissions: 
      issues: write 
      pull-requests: write 
/Grants write access to issues and pull requests so the bot can: Tag issues as stale, Comment on 
them, Close them. 
 
 



--- steps: 
      - uses: actions/stale@v5 
/Uses the official actions/stale GitHub Action (version 5). This action identifies and closes stale 
issues or pull requests. 
 
---with: 
          days-before-issue-stale: 30 
          days-before-issue-close: 14 
          stale-issue-label: "stale" 
          stale-issue-message: "This issue is stale because it has been open for 30 days with no 
activity." 
          close-issue-message: "This issue was closed because it has been inactive for 14 days since 
being marked as stale." 
          days-before-pr-stale: -1 
          days-before-pr-close: -1 
          repo-token: ${{ secrets.GITHUB_TOKEN }} 
 

Setting Meaning 
days-before-issue-stale: 30 Label issues as stale after 30 days of no activity 
days-before-issue-close: 14 Close them 14 days later if still inactive 
stale-issue-label: "stale" Label added to stale issues 
days-before-pr-stale: -1 / days-before-pr-close: -1 Pull requests are excluded (not affected) 
repo-token Authenticates the bot using GitHub's built-in token 
 
RESULT  
Every day at 1:30 AM UTC: GitHub checks for issues inactive for 30+ days, Tags them as stale, 
If no one replies in 14 more days → the issue is automatically closed with a message. 
 
2.] .gitignore ---file 
The .gitignore file is used in Git-based repositories to tell Git which files or folders to ignore; 
meaning: Don't track them, Don't stage them, Don't commit them and keep the repo clean and 
portable. 
 
3.] .readthedocs.yaml --- file 
 Helps in building and writing the documentation. Configures building of docs on ReadTheDocs 
-- https://about.readthedocs.com/?ref=app.readthedocs.org 
 
4.] Changelog.md –file 
Developer changelog; lists version history and major updates. All notable changes to this project 
will be documented in this file. It contains added files, modified files, deprecated files and 
deleted files history. 
 
5.] Licese.md –file 
Legal license  = BSD 3-Clause License (permissive open-source) 
 
//.md = markdown files 
 
6.] Manifest.in 
Specifies what files to include in the Python package. A manifest file is a file that contains 
metadata, or information about other files, and is often used to define the structure and 

https://readthedocs.org/
https://about.readthedocs.com/?ref=app.readthedocs.org


requirements of a software application, package, or project. 
 
//.in = input files for macro processor 
 
7.] Readme.md 
This is where we document everything that appears in the interface hen you open the github 
repository. It gives a project overview, installation and usage instructions. 
 
8.] setup.py 
The main purpose of the setup script is to describe your module distribution to the Distutils, so 
that the various commands that operate on your modules do the right thing. The setup.py file is at 
the heart of a Python project. It describes all the metadata about your project. 
 
9.] pyproject.toml 
The pyproject.toml file acts as a configuration file for packaging-related tools (as well as other 
tools). In newer versions of python this version is used instead of setup.py due to version 
indifference.  
 
Compass/docs/ 

 
 
8.] Docs – folder 
 
Documentation for how to use Compass. It includes example notebooks and markdown files for 
documentation building. 
 
a.] _static --- folder 
Compass/docs/_static /css/custom.css 
 
The custom.css files help in making the website. Cascading Style Sheets (CSS) is a stylesheet 
language used to describe the presentation of a document written in HTML or XML (including 
XML dialects such as SVG, MathML or XHTML). 



b.] _templates --- folder 
Compass/docs/_templates/class.rst 
 
The class.rst is the textual data used in python for technical documentation. 
 
c.] extensions --- folder 
Compass/docs/extensions/typed_returns.py 
 
typed_returns.py = Extra Python scripts to extend Sphinx functionality. Sphinx is a 
documentation generator, meaning it's a tool that takes plain text source files (typically using 
reStructuredText) and transforms them into various output formats, most commonly HTML 
websites. 
 
d.] images - folder 
Compass/docs/images/ 

●​ example_module_output.png   ---- Compass module output 
 

●​ glucose_reaction_scores_spearman.png  --- results of additional experiments for 
Turbo-Compass on glucose dataset 

 
 

●​ glucose_runtime.png  --- results of additional experiments for Turbo-Compass on 
glucose dataset 
 

●​ ibd_reaction_scores_spearman.png  --- Turbo compass image 
●​ ibd_runtime.png --- Turbo compass image 
●​ input_ex.png --- Turbo compass settings 
●​ output_ex.png --- Turbo compass settings 
●​ th17_reaction_scores_spearman.png  --- Turbo compass image 
●​ th17_runtime.png --- Added module-compass support for Human1 

 
e.] notebooks – folder 
 

 



 
i.] extdata/ 
Contains example input files required by the notebooks, includes: Gene expression matrices, Cell 
metadata, Reaction metadata. Used by both postprocessing.ipynb and pseudobulk.ipynb. 
 

-​ It contains RECON2, Th17-microppoled and Th17 folders built inside it. 
-​ Compass/docs/notebooks/extdata/ 

 

 
 
 

[1]​ RECON2 --- Contains Compass scores computed over the entire Recon2 model using a 
complete expression dataset (not necessarily Th17). Used as a reference or when 
exploring all metabolic reactions. 

 
-​ gene_metadata.csv 

It is a reference mapping file that links gene identifiers across different annotation systems. Here, 
HGNC.symbol is Human gene symbol, MGI.symbol is Mouse gene symbol, MGI.synonym is 
Mouse Genome informatics and MGLID is Mouse gene unique ID I MGI.  

 

 
 
It also helps in the following-  
 



Map gene IDs between species (e.g., human vs mouse). RECON2 is human-based; Compass can 
run on mouse expression. Relate scRNA-seq gene IDs (like Ensembl or gene symbols) to 
metabolic reactions Support pathway labeling, subsystem annotation, or gene set enrichment 
 

-​ metabolite_metadata.csv 
It is in Human-readable labeling that is instead of h[c], Compass can display Proton (c). Filtering 
helps in ignoring currency metabolites (like H₂O, H⁺) based on high degree. It maps metabolites 
to external IDs like KEGG or HMDB. 
 

 
 
 

-​  reaction_metadata.csv 
This file tells you what that reaction does — what metabolites, what pathway, what genes. It 
helps in grouping reactions into subsystems (e.g., Glycolysis) for summary plots. This connects 
Compass reaction penalties back to gene expression via associated_genes. reaction_metadata.csv 
is merged with Compass scores to label volcano plots, color by pathway, etc. 

 
[2] Th17 [raw single cells] 

●​ Single-cell Compass score matrix from mouse Th17 cells (no pooling). 
●​ Each cell has one Compass score per reaction. 
●​ Used to assess metabolic programs at single-cell resolution. 
●​ Group comparisons (Th17n vs Th17p). Used in figure 2 



 
 
 
 
 
 

 
 
 
 
 
 

 
 
 
 
 
 
 
 

 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 

-​ cell_metadata.csv 
 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
-​ linear_gene_expression.tsv 
-​ reactions.tsv 

 
[3] Th17-micropooled 
To reduce noise, cells are pooled in small transcriptomic groups (“micropools”). 
Compass is rerun on the average expression per micropool. 



 
 
ii.] compass_analysis.py 
This should be placed in the same folder path as where you are implementing the jupyter 
notebooks. A custom helper script used by the notebooks. It contains wilcoxon_test(...), 
get_reaction_consistencies(...), cohens_d(...). Instead of importing from the full Compass 
package, this isolates lightweight, analysis-specific code. 
 
iii.] postprocessing.ipynb 
The main downstream analysis notebook. Reproduces the Compass paper’s Figure 2C–2E 
(reaction differential activity between Th17p and Th17n). Walks through: Importing 
reactions.tsv, reaction_metadata.csv, cell_metadata.csv. Helps in calculating activity scores, 
Running Wilcoxon tests, Volcano and strip plots 
 
iv.] pseudobulk.ipynb 
Group-wise Compass output analysis (bulk-like). Performs pseudobulk-style analysis (averaging 
cells per group). 
 

 File What it does 
f.] index.rst Main entry point of the documentation — like a homepage for the docs 
g.] conf.py Config file for Sphinx (defines extensions, theme, version info, etc.) 
h.] installation.rst Step-by-step installation guide for Compass 
i.] quickstart.rst Short guide to get up and running quickly 
j.] module_compass.rst Autogenerated or manually written docs for the main Compass module 
k.] turbo_compass.rst Likely refers to the newer Turbo-Compass module (faster variant) 
l.] settings.rst Documentation of tunable Compass parameters 
m.] changelog.rst Human-readable changelog, may duplicate CHANGELOG.md 
n.] references.bib BibTeX file for citations ; used to reference literature in docs 
 
.bib file format = bibliography file for citing the references 
 
9.] tests --- folder 
 



 
 

-​ compass/tests/test_models.py 
This is a unit test script that ensures Compass can correctly load and parse metabolic models 
from different file formats and versions. 
 

 



10.] Compass ---folder 

 
a.] Resources 
Compass/compass/Resources/ 

 
i.] Compass 
Compass/compass/Resources/Compass 

-​ Human1/default-media 
-​ Mouse1/default-media 
-​ Recon2.2/Nomedia 
-​ Recon2_mat 

Each of the above folder contains  a ‘preprocess.json’ file. This file contains cache files for 
huma1 and mouse 1 files. 
ii.] Genes 

-​ HGNC.json 
-​ HGNC.json.gz 
-​ HOM_MouseHumanSequence.rpt.gz 



Removed documentation now that it is on a different branch 
iii.] Metabolic models 

 
Folder Name Description 

Human1 Modern human GEM from VMH (Virtual Metabolic Human); widely 
used in recent studies 

iHepatocytes2322_xml Liver-specific human metabolic model in SBML XML format 
iND750_xml GEM of E. coli, widely used in bacterial metabolism 
Mouse1 Mouse metabolic model (used in Compass Th17 mouse data) 
RECON1_xml RECON1 model (early, curated human GEM), in XML (SBML) 

format 
RECON1_mat Same RECON1 model in MATLAB .mat format 
RECON2.2 Updated human model (RECON2.2), one of the most used in 

metabolic modeling 
RECON2_mat RECON2 model in .mat format 
RECON2_core_mat Core version of RECON2 (subset of essential reactions/metabolites), 

MATLAB format 
 

Suffix Format Usage in Compass 
_xml SBML (XML) Platform-independent model file, easy to validate 
_mat MATLAB .mat Loads faster in Python via scipy.io or cobra.io 

We can load it using 
--- model = models.load_metabolic_model("RECON2_mat") 
Depending on the file structure, Compass will: 
Parse the SBML or MATLAB file, Build a MetabolicModel object with: Stoichiometric matrix, 
Metabolites, Genes, Reactions and use it for downstream activity scoring based on single-cell 
gene expression. 

If you are modelling... Use this model 



Human immune cells (T cells, etc.) RECON2.2, Human1 
Mouse T cells (e.g., Th17 Compass) Mouse1 
Liver-specific metabolism iHepatocytes2322_xml 
Core pathways only (fast) RECON2_core_mat 
E. coli metabolism iND750_xml 

 
iv.] Queue templates 

-​ CompassCollect.sh 
-​ CompassSingleSample.sh 

A .sh file is a shell script, which is a computer program designed to be executed by a Unix shell, 
a command-line interpreter. These files are essentially text files containing a sequence of 
commands that the shell can interpret and execute. 
 
v.] Recon2_export 
Compass/compass/Resources/Recon2_export/ 

 
 

-​ central_carbon_rxns.txt 
List of reaction IDs involved in central carbon metabolism (e.g., glycolysis, TCA cycle, PPP). 
Used to subset or highlight key energy-producing pathways. 
 

-​ define_reaction_subsets.R 
R script for categorizing reactions into functionally meaningful subsystems or groups. Used to 
generate the .txt files above. Can be repurposed to define other subsets (e.g., lipid metabolism, 
amino acid synthesis). 
 

-​ exchange_rxns.txt 
Contains IDs of exchange reactions (inflow/outflow of metabolites). These are usually excluded 
from statistical tests since they don’t represent intracellular activity. Compass uses this to filter 
non-informative reactions. 
 
 

-​ gene_md.csv 
Gene metadata for RECON2: Gene IDs (Entrez, Ensembl), Descriptions, gene-to-reaction 
mappings (GPR rules) 
 

-​ met_md.csv 
Metabolite metadata like Metabolite IDs (e.g., glc__D_c), Names, formulas, compartments (e.g., 
cytosol, mitochondria). Useful for labeling figures or filtering by compartment (e.g., cytosolic vs 



mitochondrial ATP). 
 

-​ rxn_md.csv 
Reaction metadata like Reaction ID (e.g., r0281), Name, EC number, subsystem, stoichiometry 
Compass uses this for annotation in: Volcano plots, Strip plots, Table outputs (e.g., cohens_d, 
pval, reaction_name, etc.) 
 

-​ recon2_md.zip 
A compressed archive containing all three metadata files (gene_md.csv, met_md.csv, 
rxn_md.csv) bundled for easy distribution. 
 
vi.] Test-data 
It contains .mtx and .tsv format file. 

 
 

-​ mtx_format 

 
File Description 

matrix.mtx Sparse expression matrix: rows = genes, columns = cells. 
genes.tsv Gene annotation: contains gene IDs and names. Matches MTX rows. 

barcodes.tsv Cell barcodes: unique identifiers for cells. Matches MTX columns. 
 
When loaded together: 
 
matrix.mtx → Raw gene expression counts (sparse) 
 
genes.tsv → Gene names like Cd3e, Ifng, Il17a 
 
barcodes.tsv → Cell IDs like AAACCTGAGCAGCGTA-1 
 
 



-​ tsv_format 

 
[ expression.tsv ]       ← Gene-level input (raw or normalized expression) 
       ↓ 
Compass infers penalties per reaction per cell using RECON model + Gurobi 
       ↓ 
[ random_latent.tsv ]    ← Stores simulated or real latent penalty/activity matrix 
If --penalty-diffusion knn is enabled: 
       ↓ 
[ knn.tsv ]              ← Neighbor graph structure 
[ knn_distances.tsv ]    ← Quantifies distance between cells 
       ↓ 
Smoothed penalty matrix is computed and used 

 
b.] compass 
Compass/compass/compass 



 
i.] __init__.py 
Package initialiser. It enables import of the module via –  
from compass import algorithm 
ii.] algorithm.py 
This is one of the main files in Compass. Main penalty scoring logic. It implements: 
Reaction-wise optimization, Gurobi LP formulation and Expression-to-penalty conversion. 
iii.] cache.py 
It optimises cache intermediate results for Model parsing, Expression vector and reaction GPR 
rules. It is used for faster runs. 
iv.] microclustering.py 
It supports pseudobulk analysis or clustering of similar cells for: KNN diffusion, 
Pre-aggregation, Group-level statistics. 
v.] penalties.py 
Implements how reaction penalties are calculated. It is refactored to support: Parallelization (e.g., 
joblib/multiprocessing), KNN-based penalty smoothing and Batching per cell or reaction. 
vi.] torque.py 
Job scheduler integration. It adds support for running Compass jobs on a Torque cluster. This is 
useful in large-scale Compass runs like on 100k+ cells. 
c.] models 



 
Filename Purpose 

MetabolicModel.py Core class representing the metabolic model. Parses reactions, 
metabolites, and genes from RECON or Human1/Mouse1. 

__init__.py Initializes the package so it can be imported (from 
compass.models import...). 

geneSymbols.py Handles gene symbol normalization and mapping between 
human/mouse gene IDs. 

importCommon.py Shared functions for importing models in multiple formats 
(MAT, SBML, etc.). 

importMATLAB.py Reads .mat MATLAB model files like RECON2_mat or 
Human1_mat. 

importSBML2.py Loads SBML Level 2 format models (e.g., older RECON or 
iND750 versions). 

importSBML3.py Loads SBML Level 3 models (e.g., Human1 or newer mouse 
models). 

partitionModel.py Generic logic for partitioning a model into meta-subsystems. 
partitionModel_Human1.py Human1-specific partitioning: maps reactions to 

meta-subsystems like Glycolysis, FAO, etc. 
partitionModel_Mouse1.py Mouse1-specific partitioning of reactions into biological 

subsystems. 
partitionModel_RECON2.py Custom RECON2 partitioning into Compass-compatible 

meta-subsystems. 
d.] tests 
Compass/compass/tests 



 
These test scripts define metabolic models with controlled structures to validate core components 
of the Compass algorithm like Gurobi-based flux inference, reaction stoichiometry, and gene 
expression constraints. 
 

File Network Structure Tests What 
Network1.py Simple linear chain: M1 → R1 → M2 

→ R2 → M3 
Basic Compass LP logic, 
reversible/irreversible reaction 
handling, exchange constraints 

Network2.py Branched network with combination: 
M1 → R1 → M3 
↘               
      ↘ R3 → M5 → E5 M2 → 
R2 → M4 ↗ 

Stoichiometry-dependent flux limits 
(R3 needs 2 M4 + 1 M3), reaction 
splitting, exchange balance 

Network3.py Circular loop or feedback: M1 → R1 → 
M2 → R2 → M3 → R3 → M1 

Detects cyclic dependencies, checks 
Compass’s ability to constrain 
infeasible loops or infeasible paths 

e.] turbo_mc 

 



Filename Purpose Functionality 
__init__.py Package initializer Makes turbo_mc importable as a Python 

module 
matrix_manipulation.py Matrix utilities Matrix slicing, conversion, masking, padding 
metrics.py Statistical utilities Evaluation metrics like mean, variance, 

confidence intervals 
plotting.py Plot helpers Custom visualizations (likely UMAP, PCA, 

heatmaps for penalties) 
utils.py General-purpose 

utilities 
Logging, file reading, environment setup 

wilcoxon.py Statistical testing Fast Wilcoxon rank-sum test implementation 
used for differential penalty scoring 

📁 iterative_models/ Contains iterative 
penalty refinement 
models 

Implements models that iteratively adjust 
penalty scores for improved inference 

📁 models/ Gurobi solver-based 
Turbo models 

Core ML/Gurobi-backed model classes 

f.] __init__.py 
Marks this folder as a Python package. It makes everything in compass/ importable. 
g.] _version.py 
Stores the current version of Compass (for pip install or CLI). It contains: 
__version__ = "1.2.0" 
h.] global_state.py 
Manages runtime configuration, such as: Gurobi solver settings, Parallelism flags and Logging 
levels 
i.] globals.py 
It holds shared constants and parameters. Examples: 

-​ List of supported RECON models 
-​ Default metabolite exclusions (e.g., H₂O, ATP) 
-​ Subsystem-to-color mappings for plots 

j.] main.py 
This is the main script run when you execute Compass via CLI. 
k.] turbo_compass.py 
This is the core engine of Compass. It Contains the main metabolic optimization loop. It 
includes: Preprocessing of gene expression data, Construction of LPs for each reaction, Gurobi 
LP solving, Penalty smoothing (if --penalty-diffusion knn) ad Output to reactions.tsv. 
l.] utils.py 
General helper functions reused across the pipeline. It includes- CSV/TSV I/O, Argument 
parsing, Data structure transformations and Reaction/matrix checks. 
Gurobi --- https://docs.gurobi.com/current/ 
Gurobi is a powerful mathematical optimization software, often referred to as a solver, developed 
by Gurobi Optimization, LLC. It's used to solve complex problems involving decision-making, 
particularly in areas like logistics, finance, and operations research. Gurobi excels at finding 
optimal solutions to linear, quadratic, and mixed-integer programming problems. 
At the heart of the Compass algorithm is linear programming. Compass computes a penalty score 
for each reaction in each cell by solving a constrained optimization problem using the Gurobi 
linear solver. In order to use Compass, you need to obtain a Gurobi WLS license, which is free 
for academic use. 

-​ Gurobi is the required solver for Compass. 
-​ It's used to solve LP problems formulated on RECON models. 

https://docs.gurobi.com/current/


To install gurobi in anaconda prompt type— 
--- python -m pip install gurobipy 
// If you get a python or any other libraries version clash you can install a specific version. To 
install a specific version, you can type 
--- python -m install gurobipy---12.0.2 
// With Gurobi 12, gurobipy can be used with Python 3.9, 3.10, 3.11, 3.12, and 3.13. 
//for offline installation 
--- python -m pip install --find-links <wheel-dir> --no-index gurobipy 
//if you want to install gurobi with conda then type 
--- conda install -c gurobi gurobi 
//use this command to install a specific version 
--- conda install -c gurobi gurobi=12.0.2 
Note – if you have installed using conda from starting make sure to continue with conda only, 
don’t switch to pip. This can cause version imbalance and python interpreter may not know what 
to use. 
If you want more information on how gurobi constraints are used, you can visit this website. 

-​ https://www.gurobi.com/jupyter_models/?_difficulty_level=introductory 
-​ https://colab.research.google.com/github/Gurobi/modeling-examples/blob/master/

milp_tutorial/introduction_to_modeling.ipynb 
//Where to place the gurobi file  
Windows:​ C:\gurobi and your home directory (C:\Users\yourusername) 
Linux:​            /opt/gurobi and your home directory (/home/yourusername) 
macOS:​ /Library/gurobi and your home directory (/Users/yourusername) 
//Note that if you place the gurobi.lic license file in your home directory, the license will only be 
available for your account on the computer. 
//Storing the license file in an alternative location 
--- If it is necessary to store the license file in a different directory, you will need to set the 
system environment variable GRB_LICENSE_FILE to point to the exact location of the file. For 
example, if the license file gurobi.lic is in the directory D:\work, then set GRB_LICENSE_FILE 
to D:\work\gurobi.lic. 
--- On Windows systems, environment variables are created and modified through the Control 
Panel. Searching for Environment Variables from the Control Panel search box will lead you to 
the appropriate screen. You will need to add a new System variable named 
GRB_LICENSE_FILE, and set it to the location of your license file (e.g., C:\gurobi\gurobi.lic). 
// How do I set environment variables for Python/Jupyter? 
--- The Jupyter extension of VSCode has built-in functionality to read .env files located in the 
workspace directory. It will read .env files in the workspace directory. Both the Jupyter Notebook 
execution and the Interactive Window will be affected by the .env file. 
// Payal ma’am asked an interesting question on how gurobi optimizer and Recon model is 
correlated ? 
 
--- The answer to this question can be found in this paper - 
https://bmcbioinformatics.biomedcentral.com/articles/10.1186/s12859-020-3410-4 
 

https://www.gurobi.com/jupyter_models/?_difficulty_level=introductory
https://colab.research.google.com/github/Gurobi/modeling-examples/blob/master/milp_tutorial/introduction_to_modeling.ipynb
https://colab.research.google.com/github/Gurobi/modeling-examples/blob/master/milp_tutorial/introduction_to_modeling.ipynb
https://bmcbioinformatics.biomedcentral.com/articles/10.1186/s12859-020-3410-4


 
// What Gurobi Generates in General ? 
 
--- When called inside Python (e.g., via gurobipy), Gurobi returns: 
 

Output Description 
Objective value Minimum or maximum value of the objective function (e.g., metabolic 

penalty or flux) 
Decision 
variables 

The optimized values for the variables (e.g., fluxes through reactions) 

Solver status Whether the solution was optimal, infeasible, unbounded, etc. 
Dual variables Shadow prices / Lagrange multipliers (in advanced usage) 
Timing info Time taken to solve, number of iterations 
 
//In Compass: What Gurobi Does Step-by-Step ? 
 
--- 1.] Minimize:   penalty for flux through reaction R_i 
Subject to: S · v = 0 (mass balance) 
            v_min ≤ v ≤ v_max 
            gene expression constraints (bounds based on expression) 
 



 
 
2.] Gurobi solves this LP where it computes a feasible flux distribution v that minimizes the 
penalty and returns the objective value (a proxy for how active that reaction is in the cell). 
 
3.] Compass stores this value. Here, Gurobi doesn’t generate a file. Compass saves the output to 
reactions.tsv, a matrix of metabolic activity. 
 
// How pathways are considered in Th17p and Th17n in figure 2 volcano plot ? 
 
--- We need 2 files to analyze  1.] reactions.tsv   2.] reaction_metadata.csv 
 
The reactions.tsv contains gene reactions like- 
 
10FTHF5GLUtl_pos 
10FTHF5GLUtm_pos 
... 
 
We’ll use reaction_metadata.csv to map reactions to subsystems (pathways) 
 
Example 1: Methionine and Cysteine Metabolism 
Reaction ID: 2AMACSULT_pos 
 
Reaction Name: 2-Aminoacrylate sulfotransferase 
 



Subsystem (Pathway): Methionine and cysteine metabolism 
 
This falls under amino acid metabolism, which was grouped and visualized as one of the major 
metabolic programs in Th17 cells. 
 
 
Example 2: Fatty Acid Oxidation 
Reaction ID: 2MB2COAc_pos 
 
Reaction Name: Transport of 2-methylcrotonoyl-CoA into cytosol 
 
Subsystem (Pathway): Fatty acid oxidation 
 
Part of the FAO pathway, which was significantly enriched in non-pathogenic (Th17n) cells 
according to COMPASS analysis. 
 
 
Example 3: Amino Acid Metabolism 
Reaction ID: 3SALATAi_pos 
 
Reaction Name: 3-sulfino-alanine transaminase (irreversible) 
 
Subsystem: Methionine and cysteine metabolism 
 
Again, this belongs to the amino acid metabolism super-pathway which is important in 
modulating immune suppression and cell signaling. 
 
 
Example 4: 10FTHF5GLUtl_pos 
Reaction Name: Transport of 10-formyltetrahydrofolate-glutamate5 to cytosol 
 
Subsystem: Folate metabolism 
 
Pathway Group: Falls under Amino Acid/1-Carbon metabolism 
 
Folate-linked one-carbon reactions support nucleotide biosynthesis and redox balance, especially 
active in proliferative Th17p cells. 
 
 
Example 5: 10FTHF5GLUtm_pos 
Reaction Name: Transport of 10-formyltetrahydrofolate-glutamate5 to mitochondria 
 
Subsystem: Folate metabolism 
 
Pathway Group: Amino acid metabolism / mitochondrial redox 
 
Transport-linked mitochondrial 1C cycles are active in Th17 differentiation and cytokine 
regulation. 
 
 
Example 6: 3SALATAim_pos 



Reaction Name: 3-sulfino-alanine transaminase (mitochondrial, irreversible) 
 
Subsystem: Methionine and cysteine metabolism 
 
Group: Amino Acid Metabolism 
 
Cysteine-linked redox and transamination reactions are upregulated in Th17n for antioxidant 
balance. 
 
 
Example 7: 3HBCOARc_pos 
Reaction Name: (R)-3-Hydroxybutyryl-CoA reduction (cytosolic) 
 
Subsystem: Fatty acid oxidation 
 
FAO is a key metabolic hallmark of Th17n (non-pathogenic) cells. 
 
 
Example 8: 2MB2COAc_pos 
Reaction Name: 2-methylbutanoyl-CoA cytosolic transport 
 
Subsystem: Fatty acid oxidation 
 
Supports mitochondrial lipid metabolism → energy homeostasis in regulatory T cells. 
 
  
Example 9: 2AMACSULT_pos 
Reaction Name: 2-aminoacrylate sulfotransferase 
 
Subsystem: Methionine and cysteine metabolism 
 
Transsulfuration and methyl-donor pathways are dynamically modulated in T cell activation. 
 
 
Example 10: ACACCTC2_pos 
Reaction Name: Acetyl-CoA carboxylase (Cytosolic)  
 
Subsystem: Fatty acid biosynthesis 
 
Control point for fatty acid synthesis vs oxidation balance which is strongly altered in Th17n vs 
Th17p cells. 
 
 
 
Compass output settings 
 
Compass has many command-line settings like --lambda, --penalty-diffusion, --data, etc. Where 
exactly do these settings apply in the pipeline? And where do they affect the output files like 
reactions.tsv, penalties.txt.gz, or _tmp/?” 
 
---  



1. INPUT STAGE — --data, --data-mtx 
 

Option Purpose Affects... 
--data Uses .tsv expression file Gene expression → 

penalties 
--data-mtx Uses .mtx + genes.tsv + samples.tsv Same as above 
 
Feeds gene expression matrix into penalty scoring system for each gene-reaction association. 
 
2. MODEL STAGE — --model, --species, --media, --and-function 
 

Option Purpose Affects... 
--model Load metabolic model (e.g. RECON2_mat) Reaction list 
--species Match gene IDs (e.g. mouse/human) Expression to gene 

mapping 
--and-functio
n 

Aggregates AND gene rules (min, mean, 
median) 

Penalty value for reactions 

 
Controls how Compass translates gene expression into reaction feasibility (penalty). 
 
3. PENALTY SCORING STAGE — --only-penalties, --penalties-file 
 

Option Purpose Output File 
--only-penalties Run only first stage (no LP), saves penalties _tmp/penalties.txt.gz 
--penalties-file Manually specify a penalty matrix Custom loading 
 
This produces the raw penalty matrix. Each value means: 
 
"How hard is it for the cell to run this reaction?" 
 
4. LP OPTIMIZATION STAGE — Gurobi 
 

Option Purpose Affects... 
--num-threads Gurobi threading Runtime only 
--lpmethod Chooses LP algorithm (e.g. simplex, barrier) Solver performance 
 
Solves 1 LP per reaction per cell. Result: reaction penalty. 
 
5. DIFFUSION (SMOOTHING) STAGE — --lambda, --penalty-diffusion, 
--num-neighbors 
 

Option Purpose Affects File 
--lambda Smoothing factor. 0 = no sharing, >0 = shared between 

neighbors. 
reactions.tsv 

--penalty-diffusi
on 

knn (default) or gaussian smoothing kernel reactions.tsv 

--latent-space Define how cells are compared (e.g. PCA, tSNE, etc) knn graph 
--input-knn Use precomputed kNN graph instead of computing new Neighbor 

selection 
Smooths the raw penalty values to give smoothed Compass scores, output in reactions.tsv. 



6. OUTPUT STAGE — --output-dir, --list-*, etc. 
 

Option Output Format 
--output-dir Main output directory Includes reactions.tsv, etc. 
--list-reactions Lists reactions & their subsystems For filtering or debug 
--list-genes Lists genes used by the model For preprocessing 
 
 
Output Files and Where Each Option Affects Them 
 

File Affected By Options Description 
reactions.tsv --lambda, --penalty-diffusion, 

--output-dir, --select-reactions 
Main output: smoothed 
Compass scores 

_tmp/penalties.txt.gz --only-penalties, --penalties-file, 
--model, --species, --and-function 

Raw reaction penalties 
before LP/diffusion 

list-reactions.txt --list-reactions Lists all reactions in the 
model 

 
Mapping 
 

Stage Controlled By Output Files 
Penalty 
Computation 

--data, --model, --species, 
--and-function 

_tmp/penalties.txt.gz 

LP Optimization (internal step) Also part of 
reactions.tsv 

Diffusion --lambda, --penalty-diffusion, 
--latent-space, --knn 

reactions.tsv 

Output Control --output-dir, --only-penalties, 
--list-* 

Folder structure 

 
 
micropools.tsv, etc. --microcluster-* Optional pseudobulk-style inputs 
knn.tsv, 
latent.tsv 

--input-knn, --latent-space Used to build diffusion neighborhood 
graph 

 
 



| Output Settings | --output-dir | Output folder | --output-dir results/ |​
| | --temp-dir | Temp folder for partial results | |​
| | --list-genes | Output gene list used by model | |​
| | --list-reactions | Output reactions and subsystems | |​
| | --select-reactions | Limit Compass to specific reactions | |​
| | --select-subsystems | Limit Compass to specific subsystems | | 

| Model Settings | --model | Choose RECON or Human1/Mouse1 model | --model RECON2_mat 
|​
| | --species | Match gene names to homo_sapiens or mus_musculus | |​
| | --media | Placeholder for defining nutrient conditions | |​
| | --and-function | Logic for AND in GPR: min, median, mean (default) | |​
| | --calc-metabolites | Compute metabolite uptake/secretion | |​
| | --no-reactions | Skip reaction penalty calculation | | 

| Turbo-Compass | --turbo | Enable fast mode using matrix screening | |​
| | --turbo-increments, --turbo-min-pct, --turbo-max-iters | Advanced turbo parameters | | 

| Penalty Diffusion | --penalty-diffusion | Share penalties across cells: knn (default), 
gaussian | --penalty-diffusion knn |​
| | --lambda | Strength of penalty smoothing (0–1), use 0 for bulk | --lambda 0.25 |​
| | --num-neighbors | K for KNN smoothing | |​
| | --input-weights | Input custom sample weights | |​
| | --input-knn, --input-knn-distances | Precomputed neighbor graphs (indices/distances) | |​
| | --output-knn | Save computed KNN graph | |​
| | --latent-space | Input latent space (e.g., PCA, VAE) for KNN smoothing | | 

| Computing | --num-processes | Number of parallel samples processed (recommended to set > 
1) | --num-processes 8 |​
| | --num-threads | Threads per process for Gurobi (default 1) | |​
| | --only-penalties | Only compute raw penalties (not full Compass scores) | |​
| | --precache | Force rebuilding the model cache | | 

| Microcluster | --microcluster-size | Aggregate cells into metacells | |​
| | --microcluster-file, --microcluster-data-file | Output microcluster labels and 
expression | | 

| Testing/Hidden | --test-mode | Run only on 100 reactions and 50 metabolites (for debugging) 
| |​
| | --glucose | Adjust glucose media level | |​
| | --penalties-file | Use custom penalties file | |​
| | --config-file | Use job config file | |​
| | --lpmethod | Gurobi LP method: -1 auto, 1 dual simplex, 2 barrier | |​
| | --save-argmaxes, --detailed-perf | Experimental/debugging flags | | 

 



 
 
 
Compass scoring system 
Both penalties.txt.gz and reaction.tsv are penalty scores.​
But: 

●​ penalties.txt.gz = raw unsmoothed scores 
●​ reaction.tsv = smoothed scores using λ 
●​ Compass Activity Score = −log(reaction.tsv + 1)​

(only used during postprocessing for statistical tests) 
Reaction.tsv = Smoothed Penalty Scores 
🔹 What it contains: 

●​ Per-cell scores for each reaction (e.g., R1_pos, R2_neg, ...) 
●​ After applying λ-smoothing (penalty diffusion) 
●​ From the Compass documentation: 

“Compass first computes raw penalties per reaction per cell, and then optionally applies 
diffusion via a parameter λ to smooth scores between similar cells. The result is output to 
reactions.tsv.” 

●​ From the postprocessing.ipynb notebook: 
reaction_penalties = pd.read_csv("extdata/Th17/reactions.tsv", sep="\t") 
 

This is treated as the input to generate activity scores after smoothing — confirming it’s already 
diffused. 

penalties.txt.gz = Raw (Pre-smoothing) Penalty Scores 
🔹 What it contains: 

●​ Output before λ is applied 
●​ Unprocessed or per-cell raw LP-derived penalties 
●​ From compass/__main__.py and penalty_diffusion.py: 

https://github.com/wagnerlab-berkeley/Compass#penalty-settings


# If smoothing is enabled (lambda > 0), apply diffusion to penalties 
# Otherwise, use raw penalty file: _tmp/penalties.txt.gz 

●​ And from the official documentation: 
“--only-penalties: Compute only the raw penalties and save to penalties.txt.gz. This skips 
smoothing, useful for parallelizing or inspecting raw flux feasibility.” 
So: 
We use reactions.tsv for downstream analysis like activity scoring, volcano plots, etc. 
 
penalties.txt.gz is internal and only needed if you're bypassing or customizing Compass’ smoothing. 
 
Activity Score = -log(penalty + 1) 
Location: 

●​ GitHub notebook: postprocessing.ipynb 
●​ Function: get_reaction_consistencies() 

Code from repo: 
 
df = -np.log(compass_reaction_penalties + 1) 
This converts penalty into an activity score. Why? 

●​ High penalty → low activity 
●​ Low penalty → high activity 

Step 1: Gene Expression → Penalty Matrix (P) 
 STAR Methods, Page 28​
“We convert R into a penalty matrix Pm×n by point-wise inversion. Whereas R represents gene 
expression support that a reaction is functional in the cell, P represents the lack thereof (which 
will be used in a linear program below).” 
This means: 

●​ R is the reaction-by-cell matrix of gene expression support. 
●​ P is its inverse — high penalty means low gene expression. 
●​ This penalty matrix PPP is saved to _tmp/penalties.txt.gz. 

penalties.txt.gz = penalty matrix P 
Step 2: Linear Programming to Minimize Total Penalty 
STAR Methods, Page 28​
“Then, we solve a linear program for every reaction r in every cell iii to find the minimal 
resistance of cell i to carry maximal flux through r.” 
This LP is: 
Minimize:       ∑ pᵢ × |vᵢ| 
 
Subject to:     S · v = 0 
                v�ᵢₙ ≤ v ≤ v�ₐₓ 
Where: 

●​ S is the stoichiometric matrix. 
●​ v is the flux vector. 
●​ pi​ is the penalty from matrix PPP. 

The result of this LP = penalty to activate a reaction in a specific cell. 
Step 3: Smoothing (λ-Diffusion) Across Cells 
STAR Methods, Page 28​
“The computation of R and P occurs also for the neighborhood of each cell to smooth results 
and mitigate single-cell technical noise.”​
“Compass further mitigates data sparsity effects through information-sharing on a k-nearest 
neighbors graph...” 
Compass computes a smoothed score using the λ formula: 

https://github.com/wagnerlab-berkeley/Compass/blob/master/docs/notebooks/postprocessing.ipynb


SmoothedScoreᵣ,𝑐 = (1 − λ) × Scoreᵣ,𝑐 + λ × ∑ (w𝑐,𝑐′ × Scoreᵣ,𝑐′) 
Where: 

●​ λ ∈ [0,1], controls how much influence neighbors have. 
●​ This is the diffused penalty score per reaction per cell. 

This smoothed matrix is what gets written to reaction.tsv. 
Step 4: Log Transformation into Compass Activity Score 
This is done not in the paper, but in their official notebook: 
activity_score = -np.log(penalty_score + 1) 
Used in: 

●​ postprocessing.ipynb 
●​ Volcano plots (Wilcoxon p-value vs Cohen’s d) 

So: 
●​ penalties.txt.gz: Raw LP penalty 
●​ reaction.tsv: λ-smoothed penalty 
●​ Log-transformed score: Used downstream, but not saved as a file unless user does it 

manually 
File Contains From Where Description 

penalties.txt.gz Penalty matrix 
Pm×nP 

STAR Methods, Page e8 Inverse of expression 
support (unsmoothed) 

reaction.tsv Smoothed penalties 
(after λ diffusion) 

STAR Methods, Page e8 
+ GitHub 

Final Compass “score” 
(still a penalty) 

         Log-transformed 
score = Activity 
Score 

GitHub: 
postprocessing.ipynb 
only 

Used in volcano plots, 
not stored by default 

 



 
 
Compass scoring system explained via all the formulas mentioned in the paper 
 
1. Penalty Score Optimization (Compass Core LP) 
 
Penalty Score = minimize ∑ (pᵢ × |vᵢ|) 
 
Subject to: 
S · v = 0 
v�ᵢₙ ≤ v ≤ v�ₐₓ 
Where: 

●​ pᵢ = penalty for reaction i (inversely related to gene expression) 
●​ vᵢ = flux through reaction i 
●​ S = stoichiometric matrix 

The output score is the minimal penalty to enable flux through r. Lower = more likely active. 
 
2. Activity Score from Penalty (Log-transformed) 
 
After raw penalties are computed, Compass uses: 
Activity Scoreᵣ,𝑐 = −logₑ(Penalty Scoreᵣ,𝑐 + 1) 



Where: 
●​ Penalty Scoreᵣ,𝑐 = raw penalty of reaction r in cell c 
●​ Higher activity score = more active reaction 

3. Lambda-Smoothing (Neighborhood Sharing) 
 
Single-cell data is sparse. To reduce noise, Compass allows borrowing information from nearby cells 
using λ-smoothing. 
Smoothed Scoreᵣ,𝑐 = (1 − λ) × sᵣ,𝑐 + λ × ∑ (w𝑐,𝑐′ × sᵣ,𝑐′) 
 
Where: 

●​ sᵣ,𝑐 = activity score for reaction r in cell c 
●​ λ = smoothing factor (e.g., 0.25) 
●​ w𝑐,𝑐′ = similarity weight between cells c and c′ 
●​ ∑ over c′ ∈ neighborhood of c (KNN or Gaussian) 

λ Value Interpretation Use Case 
0.0 No smoothing — each cell independent Pseudobulks or bulk RNA-seq 
0.25 Light smoothing Default for single-cell 
1.0 Fully neighbor-averaged Extremely sparse datasets (rare) 
 
KNN Options: 

●​ --penalty-diffusion knn: Use fixed K neighbors 
●​ --penalty-diffusion gaussian: Use continuous weight kernel 

 
4. Cohen’s d (Effect Size between Two Groups) 
 
Cohen’s d = (x̄₁ − x̄₂) / sₚₒₒₗₑd 
Where: 

●​ x̄₁, x̄₂ = mean activity scores in each group 
●​ s�ₒₒₗₑd = pooled standard deviation 

5. Wilcoxon Rank-Sum Test 
(Used for p-value calculation — nonparametric): 
Wilcoxon p-value = rank-sum test between activity scores of group 1 vs group 2 
 
To compare activity scores of each reaction across two groups (e.g., Th17p vs Th17n): 

●​ Inputs: score matrix (cells × reactions), labels 
●​ Output: p-value, adjusted p-value (FDR), and Cohen’s d 

 
Proper co-relation between reaction.tsv and penalties.txt 
Compass formulates an optimization problem (via Gurobi) for each reaction in each cell, asking: 
“What is the minimal penalty needed to allow flux through this reaction, based on this cell's gene 
expression?” 
The penalty is based on gene expression and GPR rules: 

●​ If the genes are highly expressed → low penalty 
●​ If genes are low or not expressed → high penalty 

What is in reactions.tsv ? 
The reactions.tsv file contains a matrix: 

●​ Rows: Reactions (e.g., r0281_pos, r0401_neg, etc.) 
●​ Columns: Cells (e.g., cell_001, cell_002, ...) 
●​ Values: The computed Compass penalty scores 

So, the relation is: 
Each value in reactions.tsv is the penalty score for a particular reaction in a particular cell. 



reactions.tsv[r,c]=penaltyr,c ​ 
Where: 

●​ r: reaction ID (e.g., r0281_pos) 
●​ c: cell ID (e.g., from expression matrix) 
●​ penaltyr,c​: solution of the Compass optimization for that reaction and cell 

Important: 
●​ These are raw penalties: lower = more active 
●​ You can convert them to activity scores using: 

activityr,c=−log(penaltyr,c+1) 
But reactions.tsv stores only the raw (unsmoothed, unlogged) penalties unless postprocessed. 

File/Data What it is Interpretation 
reactions.tsv Raw penalty matrix from Compass Lower = more likely active reaction 
Penalty Score Output of LP optimization per reaction & 

cell 
Used to fill values in 
reactions.tsv 

Activity Score -log(penalty + 1) Optional transformation for plotting 
 
https://dspace.library.uvic.ca/server/api/core/bitstreams/2e818d3e-df84-4fb5-a7d8-5f4a61a9dd9a/co
ntent 
---Wagnerlab thesis 

 

https://elifesciences.org/reviewed-preprints/101731? 
 

reaction.tsv is the smoothened penalty score and penalty.txt is the raw penalty score 
 

What if both the values of -pos and -neg match like in the below example ? 
 
--- when both _pos (forward) and _neg (reverse) reactions have the same Compass score, then 
 

https://dspace.library.uvic.ca/server/api/core/bitstreams/2e818d3e-df84-4fb5-a7d8-5f4a61a9dd9a/content
https://dspace.library.uvic.ca/server/api/core/bitstreams/2e818d3e-df84-4fb5-a7d8-5f4a61a9dd9a/content
https://elifesciences.org/reviewed-preprints/101731?


 
 

Interpretation What Compass Does What we Should Do 
Reaction is equally feasible 
in both directions 

Compass does not choose 
one over the other  both 
are kept 

We must decide during 
post-processing whether to: keep 
both, combine, or drop one 

Often means gene 
expression supports 
reversibility 

Compass reports both as-is Use mean, take max, or collapse 
into one reaction if needed 

 
Why This Happens: 
Compass doesn’t prioritize one direction unless: 

●​ Expression data or constraints make one direction more feasible (lower penalty). 
●​ Otherwise, both are treated symmetrically, especially when: 

o​ Reaction is truly reversible in the GSMM (RECON). 
o​ Lambda smoothing causes forward and reverse to equalize. 

Depending on your analysis goal: 
Option A: Keep both 

●​ If directionality matters (e.g. kinetic modeling). 
Option B: Use the max direction 
 

●​ final_score = max(pos_score, neg_score) 
 
Option C: Combine into one 
 

●​ if abs(pos_score - neg_score) < threshold: 
            final_score = (pos_score + neg_score) / 2 
 
Option D: Drop both 

●​ If bidirectional reactions confuse interpretation, we can exclude them where scores are 
equal. 

What Does "Direction" Mean in Compass? 
Compass splits each reversible metabolic reaction into two unidirectional reactions: 
Reaction ID Meaning 



R1_pos Forward direction of R1 
R1_neg Reverse direction of R1 
This is required because most solvers (like Gurobi) can’t directly handle reversibility — so 
Compass splits each into _pos and _neg. 
Direction = Which way the reaction is more likely to run​
→ Based on gene expression and model constraints 
Examples: 
Reaction _pos score _neg score Meaning Direction Chosen 
R1 1.2 5.6 Forward is easier _pos 
R2 7.5 1.0 Reverse is easier _neg 
R3 3.0 3.0 Equally feasible None — undecided 

In the official YosefLab / Compass GitHub repository, a user raised this exact question: 

“For reversible reactions (having both pos and neg), it is not clear to me which one I should 
use … I would like to get one effect size score per reaction so that I can plot them in Recon 
Map.”​
— User inquiry in issue [#47] 

https://github.com/YosefLab/Compass/issues/47 

 
--- Chapter 3.4.1 — "Post‑processing of Compass forward and reverse reaction penalties" 
“Compass outputs both forward and reverse penalties for each reaction, and thus, this posed a 
challenge when comparing the two systems (Compass vs scFEA). To compare the bidirectional 
reaction penalties produced by Compass … I tested two methods of converting these reaction 
penalty pairs to a single penalty measure.”  
 
They continue: 
 
The first method uses only the forward (positive) penalty (“positive penalty only”). 
 
The second method, more akin to OUR logic, uses the ratio of forward to reverse penalties: 

https://github.com/YosefLab/Compass/issues/47


 
“To calculate the ratio … I took the inverse of the reverse (‘negative’) penalty and multiplied the 
value by the forward (‘positive’) penalty. This yielded a ratio for which forward movement 
through a reaction was expected to be favorable (lower penalty ratio)” 

 
https://www.biorxiv.org/content/10.1101/2024.01.15.572211v1.full.pdf 
 
They use this code logic 

 
if abs(pos_score - neg_score) < threshold: 
    direction = "reversible" 
elif pos_score < neg_score: 
    direction = "forward" 
else: 
    direction = "reverse" 

 
 
How to mention the model’s name in the code before pre-processing ? 
 
--- intial code  
compass --data expression.tsv --num-processes 10 --species homo_sapiens  
 
--- where the model is mentioned 
compass --data expression.tsv \ 
        --model RECON2_mat \ 
        --species homo_sapiens \ 
        --num-processes 10 
 

Model Name Description 
RECON1_mat Human Recon1 
RECON2_mat Default human metabolic model 
RECON2.2 Extended version of Recon2 
Human1 Updated human model 
Mouse1 Mouse GSMM 
Mouse2 Extended mouse model (in development) 

 
Question – If the mouse gets orthologs because it needs to get converted to human datasets to 
match ?  
 

https://www.biorxiv.org/content/10.1101/2024.01.15.572211v1.full.pdf


--- Why Mouse Data Needs Ortholog Mapping in Compass 
Compass uses human metabolic models by default — like RECON2_mat, RECON2.2, or Human1 — 
which expect human gene IDs (e.g., ENSG00000141510 for TP53). 
But if your dataset is from mouse (e.g., ENSMUSG00000059552), then Compass cannot directly 
map mouse genes to reactions in a human model. 
Solution: Ortholog Mapping (Mouse → Human) 
This is why: 
Compass requires --species to be set to mus_musculus​
When you do this, Compass: 

●​ automatically maps mouse genes to their human orthologs 
●​ uses this mapping to activate reactions in the human model 

This ortholog information is internally built into Compass (for supported models like RECON). 
Step What Happens 
1 You input mouse scRNA-seq data 
2 Set --species mus_musculus 
3 Compass maps mouse genes → human orthologs 
4 Then runs optimization using a human model (e.g., RECON2) 
5 This allows using a human GSMM with mouse data 
You do NOT need to manually convert Ensembl IDs yourself if you use --species 
mus_musculus. 
But if you're using a custom model for mouse (like Mouse1), then set: 
--model Mouse1 --species mus_musculus 
and the mapping is direct (no orthologizing needed). 
 
Question – What is stored in _temps_args.json ? 
 
C:\Users\HP\Mouse dataset outputs\modified TMPs\_tmp 
 

 
 
--- This is a Compass configuration JSON object, generated by Compass when you ran it via 
the command line or a GUI wrapper. It shows exactly how Compass was executed on your 
system. 



INPUT PARAMETERS 
Key Value Meaning 

"data" ["...expression.tsv"] Gene expression data input (TSV format) 
"data_mtx" null You are not using .mtx format input 
"model" "RECON2_mat" Metabolic model used (Human Recon2) 
"species" "mus_musculus" Input gene IDs are mouse genes — Compass will 

map to human orthologs 
"media" "default-media" Standard simulated media conditions 
"output_dir" Path Where final outputs (like reactions.tsv) are 

saved 
"temp_dir" Path Where Compass stores intermediate outputs 
"isoform_summing" "remove-summing" Controls how gene isoforms are handled in GPR 

parsing (this skips legacy summing) 
 
COMPUTING PARAMETERS 

Key Value Meaning 
"num_processes" 10 Runs 10 processes in parallel (each handles a cell/sample) 
"num_threads" 1 Each process uses 1 thread (default Compass behavior) 
"lambda" 0 No penalty smoothing — each cell is processed independently 
"penalty_diffusion" "knn" If λ > 0, penalty smoothing is done via k-nearest neighbors 
"num_neighbors" 30 Would control neighborhood size if λ > 0 
"precache" false Does not rebuild the model/media cache 
"test_mode" false Not using debug mode (i.e., real analysis) 
 
TURBO SETTINGS 
Compass’s Turbo mode is a faster approximation method. 

Key Value Meaning 
"turbo" 1.0 Turbo mode enabled at minimum SR² of 1.0 (conservative) 
"turbo_increments" 0.01 Refinement increments 
"turbo_min_pct" 0.99 Requires high precision per cell 
"turbo_max_iters" 1000000 Max iterations allowed 
 
UNSET PARAMETERS (all set to null/false) 
These are features we did not use in this run: 

●​ --select-reactions 
●​ --select-subsystems 
●​ --calc-metabolites 
●​ --no-reactions 
●​ --latent-space 
●​ --input-knn 
●​ --microclusters 

We used Compass in standard reaction-scoring mode, without metabolite analysis, custom 
subsystems, or latent-space smoothing. 

 
--- Comparison of reactions.tsv output files from both .mtx and .tsv 

 
.tsv 
 



 
 
 

.mtx 
 

 
 
--- Both has the same values in their respective output file. 
 
What does HOM_MouseHumanSequence.rpt.gz do ? 
--- HOM_MouseHumanSequence.rpt.gz — is a reference file from the Mouse Genome 
Informatics (MGI) database used to map homologous genes between mouse and human. 
What Does This File Do? 
It links mouse genes to their human orthologs using HomoloGene IDs, gene symbols, and 
multiple identifiers like: 

●​ EntrezGene ID 
●​ MGI ID (for mouse) 
●​ HGNC ID (for human) 
●​ RefSeq and UniProt (SWISS-PROT) IDs 
●​ Chromosomal location and coordinates 



When you're analyzing mouse data but using a human metabolic model (like RECON2), 
COMPASS or other tools: 

●​ Use this file to map mouse gene expression to human gene models 
●​ Match via EntrezGene ID or gene symbol 
●​ Resolve 1-to-1 orthologs for compatibility 

 

 
 

 
 
 
 
 
 
 

Mouse datasets 
 

Mouse model FoxP3eGFP–CreERT2 ROSA26tdTomato ApoE⁻/⁻ 
Purpose Lineage-tracing of FOXP3⁺ Tregs to identify exTregs 
Tissue source Spleen and lymph nodes 



Sorted populations - Tregs: tdTomato⁺ eGFP⁺ (active FOXP3) - exTregs: tdTomato⁺ eGFP⁻ (lost 
FOXP3) 

Technology Bulk RNA-seq (paired-end 50 bp reads) 
Genome used Mouse genome GRCm39 
Read alignment STAR v2.7.1 with --quantMode GeneCounts 
Expression filtering Genes with ≤100 total reads removed 
DE analysis DESeq2 with variance-stabilizing transformation (VST) 

Use of mouse data - Identify mouse exTreg signatures - Map mouse-human orthologs for 
SVM-based classification 

Machine learning 
use 

383 orthologous genes used to train an SVM model to classify exTregs vs 
Tregs 

Public dataset link GSE217010 
 
To access all the output files, you can visit 
 
https://drive.google.com/drive/folders/1nZYb_jlkt9dSkRPKXofbz1LEyb3iGUmk?usp=drive_link 
 

 
 
 
 
 
 
 
 
reactions.tsv 
 

https://drive.google.com/drive/folders/1nZYb_jlkt9dSkRPKXofbz1LEyb3iGUmk?usp=drive_link


 
 
 
penalties.txt 
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