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Talk Overview 

1.  Background on JMU, my position & course and our 
research question 

 
2.  Overview of my 7 week course-embedded RNA-Seq 

module 

3.  Reflection from 3 semesters of developing RNA-Seq 
modules & future directions 

 

 



 
 

JMU Biosciences building 

 

About James Madison University 

•  Public PUI; Harrisonburg,  VA 

•  ~19,000 undergraduates 

•  ~60% admission rate 

•  ~1,000 Biology/Biotech majors 

•  Emphasis on undergrad research 
& course based research 



 
 

Christophe 

 

About My Lab & Position 

•  Tenure track 
-just finished 3rd year 
-limited prior teaching experience 
-limited prior training in bioinformatics 
 

•  50% : 40% : 10% 
  teaching : research : service 
 
•  12 contact hours/semester 
    (combo of 4 lecture or labs/semester) 
   
•  Small undergraduate research 

lab (4-8 students) 
 

Nick 

Sraavya Annamarie 



The Vertebrate Retina 

Images from http://webvision.med.utah.edu/ 

 
•  Regulation of gene expression in the developing & diseased retina 

-chicken, mouse, human 



 
 

 

BIO480 Advanced Molecular Biology 

 

•  Junior/senior level course 

•  18-36 students in lecture 

•  18 students/lab section 
-6 groups of 3 

•  4 credit lecture/lab course 
-4 hours/week 

•  ~50% have lab research 

experience other than classes 

•  Developed & incorporated RNA-Seq analysis over the past 2 
years over 3 semesters 

Spring 15 class 



Embryo Eye Retina 

E8  
embryo 

E18  
embryo 

Our Research Question:  What genes are differentially regulated 
during development of the chicken retina?  

photoreceptors (PRs) 

neuronal precursors 

What genes are differentially expressed between: 
•  E8 retina vs E18 retina (developmental changes in gene expression) 

•  E18 retina vs E18 cornea (tissue-specific changes in gene expression) 
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RNA	
quan)ty	&	
quality	

qPCR	primer	
design	

qPCR	setup	

Gene	ontology		
analysis	Intro	to		

R	Studio	

RNA	extrac)on		
For	RNA-Seq	 Embryo	

dissec)on	&	
RNA	extrac)on		
for	qRT-PCR	

Illumina		
RNA-Seq	

(in	class	student	ac)vi)es)	

qPCR	data	
analysis	

week #1 

Sequence	
annota)on	

week #2 week #4 week #5-6 

Wet	lab	
module	

Computa)onal	
module	Key: 

completed	prior	
to	course	

BIO480 Course-embedded RNA-Seq Research 
Modules (4 hour lab/week) 

Green	Line	
analysis	of	raw	
sequence	data	

cDNA	
synthesis	

qPCR	primer	
standard	
curves	

week #3 

Analysis	of	
TopHat	Mapping	

RNA-Seq	Data	
Analysis	in	
	R	Studio	

Student	
Poster	
Session	

week #7 

Visualizing	
TopHat	

Alignments	in	
UCSC	Browser	

*Green Line run prior to course activities 



My Teaching Materials Website  
http://www.rnaseqforthenextgeneration.org/profiles/raymond-enke.html#teaching 

*updated materials will posted after 
the workshop has concluded 
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RNA	extrac)on		
For	RNA-Seq	 Embryo	

dissec)on	&	
RNA	extrac)on		
for	qRT-PCR	

Illumina		
RNA-Seq	

week #1 

Wet	lab	
module	

Computa)onal	
module	Key: 

completed	prior	
to	course	

Wk#1 (computational):  Analysis of TopHat Mapping 

Bioinforma)cs	
analysis	of	raw	
sequence	data	

•  Students create a DNA Subway account and navigate to a 
pre run public project 

Analysis	of	
TopHat	Mapping	
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•  Students navigate to & view individual TopHat alignment files to 
gather info for each sample 

Wk#1 (computational):  Analysis of TopHat Mapping 
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•  The activity gives students an introductory experience with Green Line 

•  Also demonstrates the huge amount of sequence data in analysis pipeline 

Students fill in TopHat alignment info on a GoogleSheet I provided to them 

Wk#1 (computational):  Analysis of TopHat Mapping 
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RNA	extrac)on		
For	RNA-Seq	 Embryo	

dissec)on	&	
RNA	extrac)on		
for	qRT-PCR	

Illumina		
RNA-Seq	

week #1 

Wet	lab	
module	

Computa)onal	
module	Key: 

completed	prior	
to	course	

Wk#:1 (wet lab): Chicken Embryo Dissections 

Bioinforma)cs	
analysis	of	raw	
sequence	data	

•  E8 & E18 embryo dissections 
•  Silica column-based RNA extractions 

Required equipment/associated costs:  
•  Eggs 
•  Dissection tools & supplies 

Analysis	of	
TopHat	Mapping	
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6. Scalpel & scissors to cut around  
    equator of eye

7. Remove anterior portion (front half)
-save for cornea

Cut front half off Retina 

Wk#:1 (wet lab): Chicken Embryo Dissections 
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RNA	extrac)on		
For	RNA-Seq	 Embryo	

dissec)on	&	
RNA	extrac)on		
for	qRT-PCR	

Illumina		
RNA-Seq	

week #1 

Wet	lab	
module	

Computa)onal	
module	Key: 

completed	prior	
to	course	

Wk#1 (wet lab): Total RNA Extractions 

Bioinforma)cs	
analysis	of	raw	
sequence	data	

•  RNeasy Mini Kit 
•  Silica column-based RNA extractions 

Required equipment/associated costs:  
•  RNeasy kit- ~$260  
•  Qiashredders- ~$75  
•  DNaseI kit ~$90  

Analysis	of	
TopHat	Mapping	
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RNA	extrac)on		
For	RNA-Seq	

Illumina		
RNA-Seq	

Wet	lab	
module	

Computa)onal	
module	Key: 

completed	prior	
to	course	

Wk#2 (wet lab): RNA Quality & Quantity Analysis 

Bioinforma)cs	
analysis	of	raw	
sequence	data	

•  UV Spectrophotometer to obtain concentration 
& 260/280 ratio 

-optimally ~2.0 for pure RNA 

•  Agarose gel electrophoresis of total RNA 
-no formaldehyde needed! 
-do need a dedicated RNA only gel box 

RNA	
quan)ty	&	
quality	

Intro	to		
R	Studio	

week #2 

Visualizing	
TopHat	

Alignments	

Required equipment/associated costs:  
•  UV spectrophotometer 
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RNA	extrac)on		
For	RNA-Seq	

Illumina		
RNA-Seq	

Wet	lab	
module	

Computa)onal	
module	Key: 

completed	prior	
to	course	

Wk#2 (wet lab): RNA Quality & Quantity Analysis 

Bioinforma)cs	
analysis	of	raw	
sequence	data	

•  Students input spec data into a GoogleSheet 
•  Calculate 1 µg mixture for gel analysis 

Required equipment/associated costs:  
•  UV spectrophotometer 

RNA	
quan)ty	&	
quality	

Intro	to		
R	Studio	

week #2 

Visualizing	
TopHat	

Alignments	
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RNA	extrac)on		
For	RNA-Seq	

Illumina		
RNA-Seq	

Wet	lab	
module	

Computa)onal	
module	Key: 

completed	prior	
to	course	

Wk#2 (wet lab): RNA Quality & Quantity Analysis 

Bioinforma)cs	
analysis	of	raw	
sequence	data	

•  Regular agarose w/ no formaldehyde! 
•  Students RNA quality generally looks good! 

Required equipment/associated costs:  
•  Agarose ~$100  
•  RNA only gel rig 

RNA	
quan)ty	&	
quality	

Intro	to		
R	Studio	

week #2 

Visualizing	
TopHat	

Alignments	
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RNA	extrac)on		
For	RNA-Seq	

Illumina		
RNA-Seq	

Wet	lab	
module	

Computa)onal	
module	Key: 

completed	prior	
to	course	

Wk#2 (computational): Intro to R Studio 

Bioinforma)cs	
analysis	of	raw	
sequence	data	

RNA	
quan)ty	&	
quality	

Intro	to		
R	Studio	

week #2 

Visualizing	
TopHat	

Alignments	
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RNA	extrac)on		
For	RNA-Seq	

Illumina		
RNA-Seq	

Wet	lab	
module	

Computa)onal	
module	Key: 

completed	prior	
to	course	

Wk#2 (computational): Visualizing TopHat Alignments in the UCSC 
Genome Browser (dedicated lecture 6/15 @ 1pm)  

Bioinforma)cs	
analysis	of	raw	
sequence	data	

RNA	
quan)ty	&	
quality	

Intro	to		
R	Studio	

week #2 

Visualizing	
TopHat	

Alignments	

•  TopHat alignments (BAM files) can be visualized in a genome    
       browser (IGV, UCSC, etc) 
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RNA	extrac)on		
For	RNA-Seq	

Illumina		
RNA-Seq	

Wet	lab	
module	

Computa)onal	
module	Key: 

completed	prior	
to	course	

Wk#2 (computational): Visualizing TopHat Alignments in the UCSC 
Genome Browser (dedicated lecture 6/15 @ 1pm) 

Bioinforma)cs	
analysis	of	raw	
sequence	data	

RNA	
quan)ty	&	
quality	

Intro	to		
R	Studio	

week #2 
•  TopHat alignments (BAM files) can be visualized in a genome    
       browser (IGV, UCSC, etc) 

Visualizing	
TopHat	

Alignments	

*similar to IGV view of BAM files 
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RNA	extrac)on		
For	RNA-Seq	

Illumina		
RNA-Seq	

Wet	lab	
module	

Computa)onal	
module	Key: 

completed	prior	
to	course	

Wk#3 (wet lab): cDNA Synthesis from Total RNA 

Bioinforma)cs	
analysis	of	raw	
sequence	data	

•  cDNA synthesis using RNAs from wk#1 

Required equipment/associated costs:  
•  iScript cDNA synthesis kit ~$340/100 rctns  
•  Conventional PCR cycler 

qPCR	primer	
design	

Gene	ontology		
analysis	

Sequence	
annota)on	

cDNA	
synthesis	

week #3 
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RNA	extrac)on		
For	RNA-Seq	

Illumina		
RNA-Seq	

Wet	lab	
module	

Computa)onal	
module	Key: 

completed	prior	
to	course	

Wk#3 (wet lab): cDNA Synthesis from Total RNA 

Bioinforma)cs	
analysis	of	raw	
sequence	data	

Required equipment/associated costs:  
•  iScript cDNA synthesis kit ~$340/100 rctns  
•  Conventional PCR cycler 

qPCR	primer	
design	

Gene	ontology		
analysis	

Sequence	
annota)on	

cDNA	
synthesis	

week #3 



24 

RNA	extrac)on		
For	RNA-Seq	

Illumina		
RNA-Seq	

Wet	lab	
module	

Computa)onal	
module	Key: 

completed	prior	
to	course	

Wk#3 (computational): GO Analysis of DEGs 
GO=gene ontology; DEG= differentially expressed genes 

Bioinforma)cs	
analysis	of	raw	
sequence	data	

•  Students navigate to and download CuffDiff data from Green Line 

qPCR	primer	
design	

Gene	ontology		
analysis	

Sequence	
annota)on	

cDNA	
synthesis	

week #3 
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RNA	extrac)on		
For	RNA-Seq	

Illumina		
RNA-Seq	

Wet	lab	
module	

Computa)onal	
module	Key: 

completed	prior	
to	course	

Wk#3 (computational): GO Analysis of DEGs 
GO=gene ontology; DEG= differentially expressed genes 

Bioinforma)cs	
analysis	of	raw	
sequence	data	

•  Students navigate to and download CuffDiff data from Green Line 

qPCR	primer	
design	

Gene	ontology		
analysis	

Sequence	
annota)on	

cDNA	
synthesis	

week #3 
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RNA	extrac)on		
For	RNA-Seq	

Illumina		
RNA-Seq	

Wet	lab	
module	

Computa)onal	
module	Key: 

completed	prior	
to	course	

Wk#3 (computational): GO Analysis of DEGs 
GO=gene ontology; DEG= differentially expressed genes 

Bioinforma)cs	
analysis	of	raw	
sequence	data	

•  Students sort the DEG data by biological & statistical significance 

qPCR	primer	
design	

Gene	ontology		
analysis	

Sequence	
annota)on	

cDNA	
synthesis	

week #3 
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•  1,416 significant (<0.05) downregulated genes sorted by log2 fold change  

RNA-Seq: Cuffdiff output 

Lots of DEGs, what’s next? 
•  Students parse out CuffDiff list into separate list of significant up & 

down regulated genes 
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•  1,416 significant (<0.05) downregulated genes sorted by log2 fold change  

RNA-Seq: Cuffdiff output 

Lots of candidates, what next? 
•  What’s the full gene name? 
•  What’s the associated function of the gene? 
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GO analysis using Ensembl Biomart 

•  Filter associated gene names in cuffdiff output through Biomart to 
obtain full gene names and GO terms  

Animals: 
http://www.ensembl.org/biomart/ 
 
Plants: 
http://plants.ensembl.org/biomart/martview/
b95ebad3df7cde39d430b6b8efedd2ae 
 
Protists: 
http://protists.ensembl.org/biomart/martview/
ac3930f7a0a4a426957b0afd6375af5c 
 
Fungi: 
http://fungi.ensembl.org/biomart/martview/
aa9629f5dcf60a90a57c15a527c304cc 
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GO analysis using Ensembl Biomart 

•  Filter associated gene names in cuffdiff output through Biomart to 
obtain full gene names and GO terms  
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GO analysis using Ensembl Biomart 

•  Filter associated gene names in cuffdiff output through Biomart to 
obtain full gene names and GO terms  



32 

GO analysis using Ensembl Biomart 

•  Search or sort spreadsheet for your favorite GO terms 
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GO analysis using Ensembl Biomart 

•  Search or sort spreadsheet for your favorite GO terms (e.g. “phototransduction”) 
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GO analysis using Ensembl Biomart 

•  Each student chooses 1 significant DEG in the “phototransduction” or “Notch” pathway 
for downstream analysis 

•  Populate GoogleSheet with relevant information from CuffDiff & GO analysis  
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RNA	extrac)on		
For	RNA-Seq	

Illumina		
RNA-Seq	

Wet	lab	
module	

Computa)onal	
module	Key: 

completed	prior	
to	course	

Wk#3 (computational): Sequence Retrieval & Annotation 
 

Bioinforma)cs	
analysis	of	raw	
sequence	data	

qPCR	primer	
design	

Gene	ontology		
analysis	

Sequence	
annota)on	

cDNA	
synthesis	

week #3 

UCSC Genome Browser 

ApE Sequence Editor  
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UCSC Genome Browser: 
•  Highly intuitive genome browser and sequence repository for many 

genomes (no plant genomes unfortunately; try Ensembl)   

Wk#3 (computational): Sequence Retrieval & Annotation 
 

http://genome.ucsc.edu 
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Rho mRNA Rho genomic DNA 

UCSC Genome Browser: 
•  Students retrieve DNA & mRNA sequence for their candidates genes 

Wk#3 (computational): Sequence Retrieval & Annotation 
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Rho mRNA Rho genomic DNA 

UCSC Genome Browser: 
•  Students retrieve DNA & mRNA sequence for their candidates genes 

Exonic: UPPER CASE 
Intronic: lower case 

Wk#3 (computational): Sequence Retrieval & Annotation 
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Rho mRNA Rho genomic DNA 

UCSC Genome Browser: 
•  Students retrieve DNA & mRNA sequence for their candidates genes 

Wk#3 (computational): Sequence Retrieval & Annotation 
 

Exonic: UPPER CASE 
Intronic: lower case 
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ApE Sequence Editor: 
•  Students annotate exons junctions in mRNA in preparation for qPCR primer design 

(primers usually span exon junctions)   

Rho mRNA Rho genomic DNA 

http://biologylabs.utah.edu/jorgensen/wayned/ape/ 

*annotated exon junctions in mRNA 

Wk#3 (computational): Sequence Retrieval & Annotation 
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RNA	extrac)on		
For	RNA-Seq	

Illumina		
RNA-Seq	

Wet	lab	
module	

Computa)onal	
module	Key: 

completed	prior	
to	course	

Wk#3 (computational): qPCR Primer Design  
using IDT PrimerQuest Web Browser 

 

Bioinforma)cs	
analysis	of	raw	
sequence	data	

qPCR	primer	
design	

Gene	ontology		
analysis	

Sequence	
annota)on	

cDNA	
synthesis	

week #3 

•  Students annotate exons junctions in mRNA in preparation for qPCR primer design 
(primers usually span exon junctions)   



42 

Wk#3 (computational): qPCR Primer Design  
using IDT PrimerQuest Web Browser 

 

IDT PrimerQuesthttp://www.idtdna.com/primerquest/home/index 

•  Each student designs 2 F/R primer sets for their target gene of interest 
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Wk#3 (computational): qPCR Primer Design  
using IDT PrimerQuest web browser 

 

•  Each student designs 2 F/R primer sets for their target gene of interest 
•  Populate GoogleSheet with 5’-3’ primer info for ordering 

-hold them accountable for both correct primer design as well as correctly inputting into the sheet! 

pricing:  *18 students * 4 primers each = ~$300 
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RNA	extrac)on		
For	RNA-Seq	

Illumina		
RNA-Seq	

Wet	lab	
module	

Computa)onal	
module	Key: 

completed	prior	
to	course	

Wk#4 (computational): Basic RNA-Seq Analysis in R Studio 

Bioinforma)cs	
analysis	of	raw	
sequence	data	

•  analysis of CuffDiff output beyond the list of DEGs 
 -ie what’s the quality of the data set? 

week #4 

qPCR	primer	
standard	
curves	

RNA-Seq	Data	
Analysis	in	
	R	Studio	
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•  12,939 differentially regulated transcripts between E8 retina & E18 retina 
•  Are the same genes differentially expressed in sample replicates?   

Wk#4 (computational): Basic RNA-Seq Analysis in R Studio 
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Principal Component Analysis: PCA Plot 

E8 retina #1+#2 

E18 cornea #1+#2 

E16 retina #1+#2 

E18 retina #1+#2 

•  Globally compares Cuffdiff data for 
each sample replicate 

•  Visualization of “do my sample 
replicates look the same” 

•  Students are given the code to and 
generate these plots essentially by 
copy/pasting (not ideal) 

Thanks Taylor B & Alanna H! 
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•  12,939 differentially regulated transcripts between E8 retina & E18 retina 
•  Are they all statistically & biologically significant?   

Wk#4 (computational): Basic RNA-Seq Analysis in R Studio 
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Volcano Plot: statistical & biological significance  

Thanks Josh D! 

•  Scatter plot of each DEG 

•  Stat significance on y axis (Q-
value) 

•  Bio significance on x axis (log 
fold change) 

•  Students are given code to and 
copy/pasting to generate plots 
(not ideal) 

Most down regulated stat 
significant transcripts 

Most up regulated stat 
significant transcripts 

Volcano Plot E8 retina vs E18 retina 
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RNA	extrac)on		
For	RNA-Seq	

Illumina		
RNA-Seq	

Wet	lab	
module	

Computa)onal	
module	Key: 

completed	prior	
to	course	

Wk#4-6 (wet lab): qPCR Analysis  

Bioinforma)cs	
analysis	of	raw	
sequence	data	

•  Bio-Rad CFX96 Real Time Cycler: ~$27K 

week #4 

qPCR	primer	
standard	
curves	

RNA-Seq	Data	
Analysis	in	
	R	Studio	

•  iTaq cDNA synthesis kit (100 rctns): $328 
•  iTaq SYBR Green PCR mix (1000 rctns): $353 
•  qPCR plates and seals: ~$300 
•  Multichannel pipettes recommended: ~$600-$800 each 
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www.affymetrix.com 

•  Each student amplifies a cDNA dilution series with 2 primer sets to ID efficiency   

PCR primers are individually validated for “amplification efficiency” 
using a standard curve assay 

week #4 

qPCR	primer	
standard	
curves	

RNA-Seq	Data	
Analysis	in	
	R	Studio	
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•  Each student amplifies a cDNA dilution series with 2 primer sets to ID efficiency 
•  18 students X 2 primers sets X 4 dilutions in duplicate = 288 well (3X 96 well plates) 

Wk#4 (wet lab): qPCR analysis of primer efficiency  
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•  Each student amplifies a cDNA dilution series with 2 primer sets to ID efficiency 
•  Ideally each group IDs 2 “good” primers pairs from the 6 sets screened  

week #4 

qPCR	primer	
standard	
curves	

RNA-Seq	Data	
Analysis	in	
	R	Studio	

Wk#4 (wet lab): qPCR analysis of primer efficiency  
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RNA	extrac)on		
For	RNA-Seq	

Illumina		
RNA-Seq	

Wet	lab	
module	

Computa)onal	
module	Key: 

completed	prior	
to	course	

Wk#5-6: qPCR Analysis of DEGs (set up & analysis) 

Bioinforma)cs	
analysis	of	raw	
sequence	data	

Required equipment/associated costs:  
•  PCR primers ~$300 
•   SYBR Green PCR mix- $436/1K rctns 
•  Real Time PCR cycler 

qPCR	setup	

qPCR	data	
analysis	

week #5-6 
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Example of in class qPCR experiment 

•  Each student designs 1 qPCR primer set (18 genes/class analyzed) 
•  Students analyze 7 cDNA samples + no RT control run in duplicate 
•  B-actin housekeeping gene is run in tandem 



E8 

E10 

E12 

E14 

E16 

E18 

brain 

No RT 

•  Too much variability to interpret! 

•  We will repeat this week…VERY CAREFULLY! 

E18 retina #1 
E18 retina #2 

E16 retina #1 
E16 retina #2 

Example of class gene expression data 
extra time built into wk#6 to repeat  
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Example of class gene expression data  

•  Spring 15 class validated 6 out of 18 genes; spring 16 class 0/18 genes 

•  Technical difficulties included poor/no amplification and replicate variability  
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Wk#7: Student Poster Session 
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Wk#7: Student Poster Session 
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Wk#7: Student Poster Session 
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Reflections & Future Directions I 

 
•  Hope to include more student Green Line analysis in future 

-i.e. FastQC analysis of sequencing quality 
-unsure about feasibility of having students actually run Green Line 

•  Hope to expand R Studio analysis modules 
-requires me becoming more comfortable with R Studio 
 

•  Hope to make qPCR analysis less variable and more 
universally successful 

-possibly adding several more weeks to repeat experiments 
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Reflections & Future Directions II 

 
•  (If possible) mixing wet bench & computational activities is key 

-no budget for wet lab? Find collaborators! 

•  Make your in class modules dovetail with your research program 
-maintains research focus during the academic year 
-course budgets can be used to propel your research 
*planning & troubleshooting efforts for class will benefit your lab research  

•   Start small, build up over several iterations/semesters 
“Rome wasn’t built in a day” (even Secaucus NJ took a while) 

-start with activities you feel most comfortable with & build out 
-post your protocols to the Wiki & Website! 
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RNA	
quan)ty	&	
quality	

qPCR	primer	
design	

qPCR	setup	

Gene	ontology		
analysis	Intro	to		

R	Studio	

RNA	extrac)on		
For	RNA-Seq	 Embryo	

dissec)on	&	
RNA	extrac)on		
for	qRT-PCR	

Illumina		
RNA-Seq	

(in	class	student	ac)vi)es)	

qPCR	data	
analysis	

Sequence	
annota)on	

week #3-4 

Wet	lab	
module	

Computa)onal	
module	Key: 

completed	prior	
to	course	

Evolution of activities over 3 semesters 

Green	Line	
analysis	of	raw	
sequence	data	

cDNA	
synthesis	

qPCR	primer	
standard	
curves	

week #1-2 

Analysis	of	
TopHat	Mapping	

RNA-Seq	Data	
Analysis	in	
	R	Studio	

Student	
Poster	
Session	

Visualizing	
TopHat	

Alignments	in	
UCSC	Browser	

*1st iteration of RNA-Seq module 

completed	prior	
to	course	
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RNA	
quan)ty	&	
quality	

qPCR	primer	
design	

qPCR	setup	

Gene	ontology		
analysis	Intro	to		

R	Studio	

RNA	extrac)on		
For	RNA-Seq	 Embryo	

dissec)on	&	
RNA	extrac)on		
for	qRT-PCR	

Illumina		
RNA-Seq	

(in	class	student	ac)vi)es)	

qPCR	data	
analysis	

week #1 

Sequence	
annota)on	

week #2 week #4 week #5-6 

Wet	lab	
module	

Computa)onal	
module	Key: 

completed	prior	
to	course	

Evolution of activities over 3 semesters 

Green	Line	
analysis	of	raw	
sequence	data	

cDNA	
synthesis	

qPCR	primer	
standard	
curves	

week #3 

Analysis	of	
TopHat	Mapping	

RNA-Seq	Data	
Analysis	in	
	R	Studio	

Student	
Poster	
Session	

week #7 

Visualizing	
TopHat	

Alignments	in	
UCSC	Browser	

*most recent iteration of RNA-seq module 



 
 

2014 RNA-Seq Working Group 

Thanks!

•  CHSL DNA Learning Center 

•  JMU Biology & GCEMS 

•  Christophe Langouet 

•  Annamarie Meinsen 

•  Stephen Turner (UVA) 

•  JMU/UVA 4-VA Funding 

contact: enkera@jmu.edu 
Twitter: @Enke_Lab 

Twitter: @JMU_CGEMS 
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