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Genomics and proteomics data analysis

BiCF applies appropriate and state-of-the-arts 
statistical and bioinformatic methodologies to 

analyze genomics data generated from standard and 
emerging assays.

Consulting, grant writing and training

BiCF provides consulting services for experimental design 
or data analysis; grant writing assistance, including 

bioinformatics development, cost analysis, and 
documentation of tools to complete the research.

Data management system 
development

BiCF offers enterprise solutions for project and 
study management, for data production , 

sharing and integration .

Contact us: bioinformatics@bsd.uchicago.edu Submit a project request: https://biocore.cri.uchicago.edu/

Center for Research Informatics – Bioinformatics Core
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Biostatistics Core Facility
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Scientific Director: Donald Hedeker, PhD

Technical Director: Theodore Karrison, PhD

Faculty Affiliate:  Jim Dignam, PhD

Biostatisticians:  Yan Che, MS 

   John Cursio, PhD
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   Mihai Giurcanu, PhD
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   Eric Polley, PhD

   Mei Polley, PhD

   

      



Role and Responsibilities

• Collaborate with UCCCC investigators in the formulation of study designs and data 

analysis plans, including sample-size and power calculations

• Collaborate on the design, analysis, and reporting of investigator-initiated clinical trials

• Work with the UCCCC clinical trial data managers to facilitate effective use of clinical 

trial data collection resources (OnCORE, REDCap, Velos—to be phase out)

• Report outcomes of completed clinical trials into ClinicalTrials.gov

• Collaborate in the development of grant proposals (co-investigator)

• Perform statistical analyses and assist in the interpretation of study findings, 

summarization of results, and preparation of manuscripts for publication



Role and Responsibilities (cont.)

9
• Operate Biostatistics Clinic for short-term consultations

• Review protocols for the Protocol Review Monitoring Committee (PRMC)

• Perform statistical methodological research on problems arising from 
collaborative work

• Interact with Bioinformatics Core to support UCCCC investigators conducting 

research involving genomics, proteomics, and other “omics” data



Accessing the Biostatistics Core

For most collaborations, requests and tracking are performed via our Biotime website.  
Access can be obtained via the following link:  https://biotime.uchicago.edu/

Biostatistics Clinic:

The Biostatistics Clinic is supported by CTSA funds.  Investigators can sign up for a 

one-hour time slot for free, short-term statistical consulting advice. 

https://biotime.uchicago.edu/


How will the Cores Interact to Better Serve Investigators?

• When investigators come to the BCF and we determine that bioinformatics expertise 
is needed, the investigator will be referred to the BIC (if not already contacted)

• Conversely, investigators coming first to the BIC will be referred to the BCF if  needed

• These referrals will be tracked within each Core’s database for reporting purposes

• When BCF and BIC are to work together with an investigator, and initial three-way  
meeting will take place to determine best study design, analytic approaches, and 
division of labor

• BIC holds five workshops annually.  The BCF will attend a fall and spring workshop to 
“advertise” and promote the benefits of joint collaboration

• BIC operates a weekly “walk-in” clinic (Tuesday from 12:30-3:30).  A representative(s) 
from the BCF will be present at this clinic on the first Tuesday of each month





• Multiplicity 

    --  Often a major issue in bioinformatics research

• Longitudinal Data Analysis

    --  Miixed effects regression modelling

• Time-to-Event Analysis

    --  Determine whether a genomic marker(s) is associated with length of survival



Summary

Hopefully, this brief presentation will help you, as an investigator, determine when 
joint collaboration with the Bioinformatics and Biostatistics Cores will be beneficial to 

your research.

Mengjie Chen and I will be more than happy to provide additional guidance and 

answer questions:

 Theodore Karrison:   tkarrison@health.bsd.uchicago.edu   

 Mengjie Chen:   mchen12@bsd.uchicago.edu





https://cri.uchicago.edu/hpc/

https://cri.uchicago.edu/hpc/


Objectives

• Learn to run Nextflow RNA-Seq pipeline on Randi HPC
• Learn to run our in-house app for differential expression analysis 



What is Bulk RNA-Seq?

• Bulk RNA sequencing (bulk RNA-Seq) measures gene expression 
levels in a sample by sequencing the total RNA from a mixture of 
cells. Unlike single-cell RNA-Seq, bulk RNA-Seq provides an average 
expression profile across all cells in a sample.



https://www.labome.com/method/RNA-seq.html

https://www.labome.com/method/RNA-seq.html
https://www.labome.com/method/RNA-seq.html
https://www.labome.com/method/RNA-seq.html


Biological Questions Bulk RNA-Seq Can Answer

 Differential Gene Expression (DGE) → Which genes are 
upregulated/downregulated between conditions?

 Pathway & Functional Enrichment → What biological processes 
are affected? (e.g., gene-set over-representation analysis, GSEA)

 Alternative Splicing & Isoform Analysis → Are there changes in 
splicing patterns?

 Mutation & Fusion Detection → Are there SNPs, RNA editing sites, 
or fusion transcripts?

 Cell-Type Deconvolution → What cell types contribute to gene 
expression changes?

Our focus today



Randi 
High Performance Computing Cluster

Raw Data lftp Project 
Folder

FASTQ Files

Nextflow Program Scripts for QC and Pre-Processing

In-House Program Scripts for Differential Expression Analysis

A Summary Report Containing:

▪ QC Report of Pre-Processed Raw Data

▪ Normalized Gene Count Tables 

▪ Principle Component Analysis Plots

▪ Differentially Expressed Genes with Statistics 

▪ Volcano Plots and Heatmaps 

▪ Over-Representation Analysis of GO Terms and KEGG

▪ Description of Methods

Workflow 
Overview 



• Introduction to the Nextflow RNAseq Pipeline
• Hands-on Practice on Running Nextflow on the Randi Server
• Interpretation of Nextflow Outputs

• Introduction to the DE Analysis Principles
• Demo of the DE Analysis App on Randi
• Hands-on Practice on Running the DE Analysis App 
• Interpretation of the DE Analysis Results

Section 1

Section 2

TEN-MINUTES BREAK

Agenda & Key Activities



Section 1

Nextflow RNAseq Pipeline



1-3 hours

https://nf-co.re/rnaseq/3.18.0/

https://nf-co.re/rnaseq/3.18.0/
https://nf-co.re/rnaseq/3.18.0/
https://nf-co.re/rnaseq/3.18.0/


https://github.com/CRI-Biocore/bulkRNAseq_Oct2025_workshop

Run Nextflow RNAseq Pipeline on Randi

https://github.com/CRI-Biocore/bulkRNAseq_Oct2025_workshop
https://github.com/CRI-Biocore/bulkRNAseq_Oct2025_workshop
https://github.com/CRI-Biocore/bulkRNAseq_Oct2025_workshop


Run Nextflow RNAseq Pipeline on Randi
Step 1: Log into Randi Terminal / iTerm (MacOS) PuTTY / Xshell (Windows)

ssh your_account_name@randi.cri.uchicago.edu

Enter password and you will be logged in

Every account has a 11G limit in the home directory 



Run Nextflow RNAseq Pipeline on Randi

Change to the directory of  
BulkRNAseq workshop

List all contents in the current directory

Step 2: Change to workshop directory

Please find all workshop 
materials inside this folder

List all contents in detail

This is the file where you can copy and paste 
all commands to use for this workshop

What is in all these folders?

app:  source codes of the downstream in-house app for DE analysis
conda_env: conda environment files (including all compiled R packages)
genome_index: preprocessed reference genome that allows fast searching, alignment, or quantification of sequencing reads against it.
genome_reference: genome reference files
testData:  raw fastq files
testRun:  where you will keep all your scripts and results



Run Nextflow RNAseq Pipeline on Randi

Make a folder inside testRun with your username

Enter the testRun folder

Step 3: Build your working directory

Note: Please do NOT change or write 
anything outside your working  directory

Note: Please do NOT change 
anything outside the testRun folder

Check present working directory to confirm you’r inside the testRun folder 

Check your username

Enter your folder (This is your working directory)



Run Nextflow RNAseq Pipeline on Randi

Copy all scripts from template

Step 4: Prepare scripts and configurations

There should be five files:

What does each file do?

samplesheet.csv: This is a table containing raw fastq file locations for each sample so that Nextflow knows where to read the files. 
nextflow.config: This is a configuration file for Nextflow to run on Randi. 
nextflow.slurm: This is the job script to submit to run the Nextflow pipeline.

metadata.txt: This is a table containing sample information like condition, phenotype, batch, etc.
app.slurm: This is the job script to submit to run the downstream in-house application for DE analysis.



Key Parameters

Set to folders that you 
can access and have 
enough space

Prerequisites 

Run inside singularity container

This label was specified in nextflow.config

Specify if your GTF annotation is in GENCODE format
Resume from where it left over when an unexpected interruption happens 

Delete intermediate files when your run is successfully completed.

Use pre-built index to save time



Run Nextflow RNAseq Pipeline on Randi

How to edit the sample files, parameters, and metadata files?

Step 4: Prepare scripts and configurations

https://uchicago.service-now.com/kb_view.do?sys_kb_id=27ffbebb97fc025423087cf11153af5b 

https://uchicago.service-now.com/kb_view.do?sys_kb_id=27ffbebb97fc025423087cf11153af5b
https://uchicago.service-now.com/kb_view.do?sys_kb_id=27ffbebb97fc025423087cf11153af5b
https://uchicago.service-now.com/kb_view.do?sys_kb_id=27ffbebb97fc025423087cf11153af5b


Hong SLi Y, Kaminski PJ, Andrade J, Laimins LA.2020.Pathogenesis of Human Papillomaviruses Requires the 
ATR/p62 Autophagy-Related Pathway. mBio11:10.1128/mbio.01628-20.https://doi.org/10.1128/mbio.01628-20

Test Data
(GSE142482)



Run Nextflow RNAseq Pipeline on Randi

Submit the job to run Nextflow pipeline 

Check the job status

Step 5: Submit the job

Check the job status details

Note: The job could take several hours to finish, depending on node availability on the server.



Interpretation of Nextflow Outputs

FastQC reports of raw reads and trimmed reads

*First to check* One report with QC of each step integrated in one place 

Commands for each step & Environment setup

Filtered bam files & Gene counts 

Read trimming reports 

Each sample has a salmon 
output folder with *.sf files.

I recommend using *.sf files 
for the downstream to take 
advantage of the bias 
correction by Salmon



• Introduction to the Nextflow RNAseq Pipeline
• Hands-on Practice on Running Nextflow on the Randi Server
• Interpretation of Nextflow Outputs

• Introduction to the DE Analysis Principles
• Demo of the DE Analysis App on Randi
• Hands-on Practice on Running the DE Analysis App 
• Interpretation of the DE Analysis Results

Section 1

Section 2

TEN-MINUTES BREAK

Agenda & Key Activities



Section 2

DE Analysis



Key Considerations in DE Analysis

 Batch Effects → Use PCA/MDS to check for unwanted variation

 Replicates Matter → More replicates = higher statistical power (highly recommend >=3 rep)

 Read Depth → Sufficient sequencing depth (>25M for human/mouse)

 Data Distribution → RNA-seq data is often over-dispersed (use a model like Negative Binomial )

 Normalization → Correct for library size & sequencing depth

 Multiple Testing Correction → Use adjusted p-values to control false positives



In-House Downstream Analysis
Architecture

5-20 minutes

Shiny App Interface

parameters

R markdown 

Functions 

Main 
Codes

Preprocessing

DEG Test

Functional Enrichment

knit

HTML Report
& Organized Result Files in Folders



In-House Downstream Analysis

The header must contain sample and group. 
You can add as many experimental factors 
as you want to columns.

If a batch effect needs to be corrected, add 
a batch column so that the batch-effect-
removal option can be enabled.

Step 1: Setup experimental groups

1. Edit the table in Excel 2. Save the table in the txt or csv format

3. Upload to Randi working directory

Note: metadata.txt has been set up for you already in this 
workshop so you don’t need to edit it to run the test data. 



In-House Downstream Analysis
Step 2: Run the slurm script

Enter the conda 
environmentRun R shiny app 

Increase mem 
if data is large



Run Nextflow RNAseq Pipeline on Randi

Check job status using job ID

We will need this running node name

Nextflow outputs
Check the output messages in the .out file

Then submit the DE analysis script

Once you confirm the pipeline has been completed successfully, use the following command to clean up the intermediate files



In-House Downstream Analysis
Step 3: Fill out the form

1. Open a local terminal and run: 
 ssh -N -f -L 3838:shinyApp_running_node:3838 username@randi.cri.uchicago.edu

1. -L XXXX:cri22cnYYY:3838 → Forward local port XXXX to remote port 3838.
2. -N → No interactive shell.
3. -f → Run in the background (not supported in Windows OpenSSH).

2. Open http://localhost:3838/ in a browser

3. Follow the hints to fill out the form and submit

Note: the port might be conflicted when 
multiple users are running on the same 
node. If there shows an error, try to change 
the port number and restart the job.

ssh -N -J username@randi.cri.uchicago.edu -L 3838:0.0.0.0:3838 username@shinyApp_running_node

If the above doesn’t work on your local computer, try: 

http://localhost:8787/


In-House Downstream Analysis

Step 3: Fill out the form
It’s important to provide the correct directory paths to the app; otherwise, it won’t find the target files. 



3838

local 3838 port

Step 4: Cancel your jobs



Interpretation of DE Analysis Results
PCA Plot

• A dimension reduction approach
• To show similar samples clustering together 
• To reveal batch effects
• To infer which gene is the most valuable for clustering the data (eigenvector)

Volcano Plot 

Heatmap

• To highlight significant DEGs 

• To visualize and validate expression changes across samples

Over Representation Analysis (ORA)

Gene Set Enrichment Analysis (GSEA)

• Which gene set is enriched with DEGs (whether a gene set contains more DEGs than expected by chance)

• Identifies pathways that are globally up- or down-regulated (by using continuous gene rankings instead of 
requiring an arbitrary DEG cutoff)



• Please remember to delete your folder after 
practice to save space for other people.

• We will hold the bulkRNAseq_Oct2025_workshop 
folder for you until Nov. 7th. All data will be 
removed to make room for our next workshop.

Reminders



Upcoming Workshop: Functional Analysis

Date: November 19th 1-3pm 

Yan Li, PhD

Associate 
Director



Q & A

Thanks for attending! 



https://mycri.cri.uchicago.edu/educations/trainings/75/survey/

Please give us some feedback!

https://mycri.cri.uchicago.edu/educations/trainings/75/survey/
https://mycri.cri.uchicago.edu/educations/trainings/75/survey/
https://mycri.cri.uchicago.edu/educations/trainings/75/survey/

	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14: Objectives
	Slide 15: What is Bulk RNA-Seq?
	Slide 16
	Slide 17: Biological Questions Bulk RNA-Seq Can Answer
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23: Run Nextflow RNAseq Pipeline on Randi
	Slide 24: Run Nextflow RNAseq Pipeline on Randi
	Slide 25: Run Nextflow RNAseq Pipeline on Randi
	Slide 26: Run Nextflow RNAseq Pipeline on Randi
	Slide 27: Key Parameters
	Slide 28: Run Nextflow RNAseq Pipeline on Randi
	Slide 29
	Slide 30: Run Nextflow RNAseq Pipeline on Randi
	Slide 31: Interpretation of Nextflow Outputs
	Slide 32
	Slide 33
	Slide 34: Key Considerations in DE Analysis
	Slide 35: In-House Downstream Analysis
	Slide 36: In-House Downstream Analysis
	Slide 37: In-House Downstream Analysis
	Slide 38: Run Nextflow RNAseq Pipeline on Randi
	Slide 39: In-House Downstream Analysis
	Slide 40
	Slide 41
	Slide 42: Interpretation of DE Analysis Results
	Slide 43
	Slide 44
	Slide 45
	Slide 46

