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Leaf to library – Experimental considerations
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RNA-Seq	<=>	Transcriptomics

▪ Alternatives	to	RNA-Seq


▪ qPCR,	microarray


▪ Dynamic	range	(highly/lowly	expressed	genes)


▪ need	to	know	target	(sequences)
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Main	applications	of	RNA-Seq	(~Transcriptomics)

(m)RNA	quantification Transcript	discovery

• Count	occurrences	of	specific	mRNAs

• “Gene	Expression”

• Differential	gene	expression	(between	samples)

• …

• Isoforms	and	alternative	splicing

• Single	nucleotide	variations

• Non-coding	RNAs

• …
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mRNA-Sequencing

mRNA

RNA	extraction

cDNA	library

Transcriptome

PPDK

NADP-ME PEPC

Sequencing	 
(e.g.	Illumina)Mapping	and	Quantification

Data	analysis

Reads

Reference	genome

(e.g.	Arabidopsis	 

for	non-model	species)

NADP-ME PEPC

PPDK

PEPC

NADP
-ME

Other
s

ACCCCAATGAGCCCTACCGTAATCT

ACCCCAATGAGCCCTACCGTAATCT

GGACAGAGGAGTATCTACAATAGTA

GGACAGAGGAGTATCTACAATAGTA
GGACAGAGGAGTATCTACAATAGTA

GGACAGAGGAGTATCTACAATAGTA

TAGGAAAGATTTAGAGGGAAATGTC

TAGGAAAGATTTAGAGGGAAATGTC

TAGGAAAGATTTAGAGGGAAATGTC

TTGATTAAACTATTCTGCTGCACAG

TTGATTAAACTATTCTGCTGCACAG

TTGATTAAACTATTCTGCTGCACAG

TTGATTAAACTATTCTGCTGCACAG

TTGATTAAACTATTCTGCTGCACAG

TTGATTAAACTATTCTGCTGCACAG

CGAGGATTTACACGTGTAGACGCAGTGAGAAAGTAGGA

Photo:	www.illumina.com

Transcript	levels	~	proxy	for	
protein	abundance
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mRNA-Sequencing

▪ (Still)	expensive


▪ (Still)	a	lot	of	work


▪ You	see	virtually	everything
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Experimental	design

▪ Clear	hypothesis	before	starting	the	experiment	 

▪ Wet-lab	and	sampling


▪ sampling	in	the	wild,	in	the	greenhouse,	in	a	growth	chamber	(logistics!)


▪ sampling	conditions	-	time	of	day,	age,	development,	tissue,	light,	etc.


▪ storage	of	your	samples	(logistics!) 

▪ Additional	assays	/	experiments?


▪ collect	as	much	data	as	possible	(ideally	from	the	same	sample	set)


▪ this	will	strengthen	your	study
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Replication

▪ For	a	“standard”	approach,	at	least	three	biological	replicates 

▪ No	need	for	technical	replicates.	Results	seem	very	reproducible 

▪ Multiplexing	=	multiple	samples	in	one	run


▪ cuts	the	cost	drastically



CEPLAS	RNA-Seq	Workshop	2022

alisandra.denton@hhu.de	|	dominik.brilhaus@hhu.de

How	many	replicates?

▪ At	least	six	replicates	per	condition	for	
all	experiments


▪ Apply	a	fold-change	threshold	
appropriate	to	the	number	of	
replicates	per	condition	between	0.1	≤	
T	≤	0.5

Schurch	NJ	et	al.	(2016)	How	many	biological	replicates	are	needed	in	an	RNA-seq	experiment	and	which	
differential	expression	tool	should	you	use?	RNA	Jun;22(6):839-51.	doi:	10.1261/rna.053959.115

T:	|log2(FC)|	threshold

TPR:	True	positive	rate
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Time-course:	replication	vs.	resolution
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Time-course:	replication	vs.	resolution
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Preparing	high	quality	RNA

▪ RNA	stabilisation	


▪ Keep	RNA	samples	on	ice


▪ Avoid	freeze	thaw	cycles


▪ Shock-freeze	and	extract	material	in	liquid	nitrogen	or	commercially	
available	RNA	stabilization	reagents		(e.g.	QIAGEN	RNAlater) 

▪ Prevent	contamination	with	RNase


▪ treat	all	surfaces	and	pipets	with	RNase	EXITUS


▪ wear	lab	coat	and	gloves


▪ use	pipet	tips	fresh	from	package
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RNA-Extraction

▪ Optimize	the	RNA	isolation	protocol	for	your	organism	and	tissue	of	interest	


▪ cell	and	tissue	disruption


▪ compatibility	of	compounds	in	the	tissue	and	your	extraction	buffer	 

▪ For	a	variety	of	plant	tissues	we	have	good	experience	with


▪ Mortar	and	pistil,	bead	mill	and	motor	driven	pistil	


▪ SDS	+	phenol/chloroform	extraction,	Qiagen	RNeasy	plant	mini	Kit	
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Quality	control	-	Agilent	Bioanalyzer

https://www.genomics.agilent.com/en/Bioanalyzer-System/2100-Bioanalyzer-Instruments/
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gDNA	contamination

▪ Perform	DNAse	digestion!!	


▪ Minimize	incubation	time	to	avoid	RNA	digestion 

▪ gDNA	contamination	is	a	serious	problem	and	you	will	have	no	chance	to	
distinguish	the	reads	after	the	sequencing 

▪ gDNA	oftentimes	incompletely	eliminated	during	library	preparation 

▪ Check	on	gels	and	the	Bioanalyzer	for	DNA	contamination 

▪ When	in	doubt,	use	PCR	to	check	for	gDNA
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Quality	control	-	Agilent	Bioanalyzer

Arabidopsis	RNA


• very	good	quality


• DNase	treated


• RIN	number	slightly	decreased

gDNA

• Good	RIN


• But:	gDNA	contamination
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Quality	control	-	Agilent	Bioanalyzer
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Time-dependent	Degradation

https://www.genomics.agilent.com/en/Bioanalyzer-System/2100-Bioanalyzer-Instruments/
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Which	RNA	do	I	actually	Seq?	

Fig 4. RNA-seq library enrichment strategies that influence interpretation and analysis.RNA-seq library construction protocols differ widely, and these
differences have significant consequences for data interpretation and analysis. The figure above illustrates representative alignment results for either total
RNA or one of three commonly used enrichment strategies at a hypothetical genomic locus with very highly expressed ribosomal RNA (pink), highly
expressed protein coding (green), lowly expressed protein coding (brown) and lowly expressed noncoding RNA (blue) genes. (A) If total RNA is sequenced

PLOS Computational Biology | DOI:10.1371/journal.pcbi.1004393 August 6, 2015 6 / 20

Fig 4. RNA-seq library enrichment strategies that influence interpretation and analysis.RNA-seq library construction protocols differ widely, and these
differences have significant consequences for data interpretation and analysis. The figure above illustrates representative alignment results for either total
RNA or one of three commonly used enrichment strategies at a hypothetical genomic locus with very highly expressed ribosomal RNA (pink), highly
expressed protein coding (green), lowly expressed protein coding (brown) and lowly expressed noncoding RNA (blue) genes. (A) If total RNA is sequenced
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RNA	selection	/	depletion

Total	RNA rRNA	reduction PolyA	selection cDNA	capture

Transcript	representation Broad Broad Limited Limited	(targeted)
ribosomal	RNA High Low Very	low Very	low
Abundant	mRNAs dominate dominate dominate de-emphasized
Unprocessed	RNA High High Low Moderate
genomic	DNA High High Very	low Low

Fig 4. RNA-seq library enrichment strategies that influence interpretation and analysis.RNA-seq library construction protocols differ widely, and these
differences have significant consequences for data interpretation and analysis. The figure above illustrates representative alignment results for either total
RNA or one of three commonly used enrichment strategies at a hypothetical genomic locus with very highly expressed ribosomal RNA (pink), highly
expressed protein coding (green), lowly expressed protein coding (brown) and lowly expressed noncoding RNA (blue) genes. (A) If total RNA is sequenced
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RNA	selection	/	depletion

Adapted	from	Griffith	M	(2015)	PLoS	Comput	Biol.	doi:	10.1371/journal.pcbi.1004393

Total	RNA rRNA	reduction PolyA	selection cDNA	capture

Transcript	representation Broad Broad Limited Limited	(targeted)
ribosomal	RNA High Low Very	low Very	low
Abundant	mRNAs dominate dominate dominate de-emphasized
Unprocessed	RNA High High Low Moderate
genomic	DNA High High Very	low Low

“Default”	for	Plant	mRNA-Seq
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Illumina	workflow

adapted	from	www.illumina.com
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Illumina	workflow
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Illumina	workflow
Library
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Bioanalyzer

Quantify,	normalize	
and	pool 

Qubit	/	Bioanalyzer	/	Fragment	
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Illumina	workflow
Library


Validation 
 

Bioanalyzer
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Qubit	/	Bioanalyzer	/	Fragment	
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Generate		 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CEPLAS	RNA-Seq	Workshop	2022

alisandra.denton@hhu.de	|	dominik.brilhaus@hhu.de

Sequencing

▪ Usually	outsourced


▪ Agree	on	what	you	receive


▪ output	format


▪ quality	control


▪ filtering	of	data


▪ Think	about	data	storage	(backups!!)


▪ One	flow-cell	100	bp	SE	reads	~	150	GB
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Current	Illumina	systems	for	mRNA-Seq
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M
ethods

 Visit www.illumina.com/mRNA for more details

Transcriptome

STEP 1
Choose a library prep method

Product TruSeq Stranded mRNA Library Prep Kit TruSeq RNA Exome Library Prep Kit 

Most important to me Complete coding transcriptome  
at lowest library prep costa

Complete coding transcriptome in FFPE samples 
at lowest all-in costa and lowest input requirementa

Least important to me FFPE compatibility Total assay time

FFPE compatibility No Yes

RNA input 0.1–1 μg high-quality total RNA
10–400 ng previously isolated mRNAb

10 ng high-quality total RNA
20 ng degraded total RNA

Assay time 9 h 2.5 d

Stranded Yes Yes

a. Comparisons are within the Illumina RNA-Seq library prep portfolio.
b. Demonstrated performance at lower input quantities

STEP 2
Choose a sequencer

Product MiniSeq System MiSeq System NextSeq 550 System NovaSeq 6000 System

Most important  
to me

Instrument affordability, 
mRNA sequencing for 
small genomes, and 
onboard informatics

mRNA sequencing for 
small genomes, read 
length "exibility, and 
onboard informatics

RNA-Seq for broad range 
of genome sizes and 

instrument affordability

Lowesta cost/sample, 
and scalability for small- 
and large-scale research 
project and operations

Max mRNA samples processed/!ow 
cell (20 M reads/sample)b 1 1 2–8 384c

Max gene expression pro"ling/run  
(10 M reads/sample) 2–3 2–3 12–36 384c

Run mode/kit type
Mid-output/ 
High-output

Mid-output/ 
High-output

Mid-output/
High-output

SP, S1, S2, S4

Flow cells processed/run 1 1 1 1 or 2

a. Comparison among the Illumina portfolio based on individual lane indexing and S4 "ow cells 
b. Assumes a human-sized transcriptome
c. Limited by available indexes
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