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DNALC Live
This is an experiment, give us feedback 

on what you would like to see!



DNALC Live
• Provide genetics, molecular biology, and bioinformatics learning 

resources 

• Laboratory and computer demos, short online courses for middle 
school, high school, and the general public

• Interviews with scientists, help for teachers

• At-home activities, social media contests, and more 



dnalc.cshl.edu

DNALC Website and Social Media

dnalc.cshl.edu/dnalc-live



youtube.com/DNALearningCenter

DNALC Website and Social Media

facebook.com/cshldnalc

@dnalc

@dna_learning_center
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Cold Spring Harbor Laboratory



Who is this course for? 

• Audience(s): 
• Undergraduate biology 200 level and up 
• (advanced AP Bio/graduate)

• Format: 2 sessions (1 per week); ~ 45 minutes each

• Exercises: Follow along through CyVerse

• Learning resources: Slides and online lesson available



Course Learning Goals
• Understand the rationale of an RNA-Seq experiment and its design

• Learn about the Linux command line

• Use Jupyter (SRA Toolkit) to import sequence data 

• Use Jupyter (FastQC/Trimmomatic) to quality check/trim sequence data 

• Use Jupyter (Kallisto) to (pseudo)align reads

• Use Jupyter (genomeview/UCSC) to explore RNA-Seq results



Lab Setup
• We will be using CyVerse VICE – You can get a free account at cyverse.org

(required) 



Intro to RNA-Seq with Jupyter
Part I

(background and sequence quality)



Steps for today’s session

• Introduction to RNA-Seq 

• Learn about our example data set 

• Learn about high-throughput sequencing and data sources

• Examine DNA sequence quality and QC



RNA-Seq with DNA Subway
dnalc.cshl.edu/dnalc-live



Introduction to RNA-Seq



What is RNA-Seq? - measuring the transcriptome

• To understand what genes are active, and under what 
circumstances, we must know what genes are being transcribed 
into messenger RNA



What is RNA-Seq? - measuring the transcriptome

• To understand what genes are active, and under what 
circumstances, we must know what genes are being transcribed 
into messenger RNA

• A cell in the liver has the same DNA instructions as a neuron in 
the brain. However the genes being expressed differ greatly 
between these cells
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What is RNA-Seq? - measuring the transcriptome

• RNA-Seq allows us to measure the transcriptome – take an 
account of all transcription occurring in a cell/tissue

• We use the abundance of an RNA transcript as a proxy for the 
activity of some cellular process (e.g. protein synthesis, 
regulatory activity)

• We analyze these data to compare samples (e.g. cancerous vs. 
non-cancerous) 



What is RNA-Seq?
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What is RNA-Seq?



What can expression tell you?

• CYP1A/1B – Cytochrome  p450 
family, involved in drug 
metabolism including 
processing toxins

Photo Credit:
Effects of Tobacco Smoke on Gene Expression and Cellular Pathways in a Cellular Model of Oral Leukoplakia
Zeynep H. Gümüş, Baoheng Du, Ashutosh Kacker, Jay O. Boyle, Jennifer M. Bocker, Piali Mukherjee, Kotha
Subbaramaiah, Andrew J. Dannenberg and Harel Weinstein
Cancer Prev Res July 1 2008 (1) (2) 100-111; DOI: 10.1158/1940-6207.CAPR-08-0007 



What can expression tell you?

Photo credit:
https://en.wikipedia.org/wiki/CYP1A1#/media/File:PBB_GE_CYP1A1_205749_at_fs.png

Highly expressed in lung



Introduction to our data set



An NSF Research Collaboration Network



Development of pilot lessons

• BLAST
– Introduce students to the use of the Basic Local Alignment Search Tool 

(BLAST) to identify related sequences and compare similarity between them

• Understanding Eukaryotic Genes 
– Familiarize students with a genome browser (UCSC)

• RNA-Seq
– 3 modules: Use RNA-Seq as a bridge to more advanced bioinformatics and 

data science (QC, quantification (Kallisto), visualization (UCSC/IGV))



Using Jupyter

Jupyter is a platform that makes it easier to present, 
organize, and share code/command line tools



Leptin expression vs. diet – RNA-Seq pilot lesson

Try the pilot 
lessons/join us!

https://gea.qubeshub.org/lessons
RCN-UBE  #1827130

https://gea.qubeshub.org/lessons


Leptin expression vs. diet – RNA-Seq pilot lesson
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Leptin expression vs. diet – RNA-Seq pilot lesson

Colon tissue/tumors in mice raise on Regular (RD) or High-fat (HFD) diet



Leptin expression vs. diet – RNA-Seq pilot lesson

Colon tissue/tumors in mice raise on Regular (RD) or High-fat (HFD) diet



Sequence data from NCBI

https://www.ncbi.nlm.nih.gov/bioproject/PRJNA353374

https://www.ncbi.nlm.nih.gov/bioproject/PRJNA353374


Sequencing reads



Sequencing reads



Sequencing reads



Sequencing revolution



Lab – Sequence import from SRA



Access lessons and sign in on CyVerse



Lab: Sequence QC



Access lessons and sign in on CyVerse



Key Concept: Sequence quality



Examining quality with FastQC



Phred scores…

Phred Score Error (bases miscalled) Accuracy
10 1 in 10 90%
20 1 in 100 99%
30 1 in 1,000 99.9%
40 1 in 10,000 99.99%
50 1 in 100,000 99.999%



If 99% was good enough

Photo credit
http://www.personal.psu.edu/sxt104/class/99percent.html



Next time: 
Sequence alignment to reference and 

visualization 



dnalc.cshl.edu

DNALC Website and Social Media

dnalc.cshl.edu/dnalc-live


