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YESTERDAY (day 1)
• INTRO to SEQUENCING
• LIBRARY PREP 101

TODAY (day 2)
• SPECIALTY DNA PREPs
• RNA Library Preps
• RNAseq
• small RNA-seq
• Low-input RNAseq

TOMORROW: ONLINE LAB Experiments (day 3)
(Use the TapeStation for QC; Library Preparation; submit libraries for sequencing )

POLL 1



1. REPETITA IUVANT

2. RNA LIBRARY PREP – UNSTRANDED & STRANDED

3. RNA QC & INTEGRITY

4. low-input//scRNA-seq

5. small RNA-seq

1bis. SPECIALTY DNA-seq

MINI-QUIZ
+ ATTENDANCE

MINI-QUIZ
+ ATTENDANCE

KAHOOT!?!

#7

#9

#10

6. BEST PRACTICES IN NGS

#8

#11



1. DNA

2. short (average 200-800 bp)

3. modified with adapters*

gDNA

Final library
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Fragmentation
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End-Repair
+ A-tailing

REPETITA 
IUVANT



Final 
Libraries

FINAL LIBRARIES

Final Libraries: 200-700 bp

Adapter Dimers: 120-140 bp

Primer Dimers < 100 bp

LAB

PCR 
Primer 
Dimers Adapter 

Dimers

GOAL: Less than 1%

CBA

REPETITA 
IUVANT

It’s going to 
be in the 

final QUIZ



Read 1

Read 2i5 i7

SE50: ChIPseq, RNAseq, smallRNAseq

SE100: BS-seq

PE50: ATACseq, Hi-C

PE100 (or longer): RNAseq (splicing or de novo transcriptome), WGS, WES

SEQUENCING
i5

REPETITA 
IUVANT





LIBRARY 
PREPS



DNA METHYLATION

5meC
unmethylated C

Different cells have different DNA methylation patterns and 
can vary between individuals and in diseases.



1

1. PCR before bisulfite treatment will dilute the 
methylation signal in the original DNA

2. Bisulfite treatment modifies the cytosines on 
DNA: BOTH INSERT AND ADAPTERS

3. After BS-treatment à ssDNA and dU

4. Higher input amount than regular libraries****

2. Pre-methylated Adapters

3. Not all DNA polymerases are 
compatible with BS-treated 

DNA (contains Uracil è
Stranded RNA-seq)

There are 
variations of 
the protocol



Chromatin immunoprecipitation sequencing (ChIP-Seq) is a well-established method to map specific protein-binding sites. 
In this method, DNA-protein complexes are crosslinked in vivo. Samples are then fragmented and protein-specific 

antibodies are used to immunoprecipitate the DNA-protein complex. 

ChIP-seq

Sonication, 
endonucleases…



ChIP-seq

1. Sonication/fragmentation and Ab: 
EXTREMELY IMPORTANT

2. Make sure your IP works: qPCR on known 
regions (enrichment of IP vs. INPUT –
sonicated chromatin or IgG-IP)

3. You can do qPCR on your final library –
enrichment decrease 2-3 fold



ATAC-seq



Sub-nucleosomal DNA

Mononucleosome
Dinucleosome

Trinucleosome

SIZE????

ATAC-seq



ATAC-seq
- Fast
- Native Chromatin (no fixation, cross-linking)
- Few cells (now protocols down to single cell)

- mtDNA: big contaminant (waste of reads!!!!)
- Only fresh cells

OMNI-ATAC

OPTI-ATAC



GOOGLE FORMs for 
ATTENDANCE and mini-QUIZ 
(DAY 1 + SPECIALTY PREPs)



RNA SEQ



1. DNA

2. short (average 200-800 bp)

3. modified with adapters

gDNA

Final library
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End-Repair
+ A-tailing

Fragmentation
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1. DNA

2. short (average 200-800 bp)

3. modified with adapters

gDNA

Final library

T

Adapter 
Ligation

T

RNA

A
AA

A A
A

End-Repair
+ A-tailing

Fragmentation

Reverse 
Transcription

Enrichment



RNAseq à enrichment

2. rRNA removal
(+ other versions)

1. polyA
Enrichment



Enriched RNA
RNAseq à Library Prep

A. Reverse Transcriptase

B. Second Strand Synthesis Enzymes: 
DNA pol I, RNase H, DNA ligase (E. coli)

RNA:
Magnesium	or	Zinc

Same as the DNA Prep



Enriched RNA
RNA:
Magnesium	or	Zinc

RNAseq à Library Prep

***Sense strand: strand of the DNA that has the same sequence as the mRNA

STRANDED RNA PROTOCOL

A. Reverse Transcriptase

B. Second Strand Synthesis Enzymes: 
DNA pol I, RNase H, DNA ligase

Reverse 
Transcriptase



DRAW 
STRANDED 

PREP



RNAseq à Library Prep

U
UU

A
AA

Read 1Read 2

Original RNA

FINAL LIBRARY

5’

5’

3’

3’

REVERSE COMPLEMENT!!!!!

vs.

Read 1

Read 2i5 i7

i5





RNAseq à The Enrichment Strategy Depends 
also on the Initial Quality

Intact RNA Fragmented RNA
miRNA

lncRNAs

mRNA

rRNA



RNAseq à RNA Integrity LAB

A       B       C      D        E        F        G                        R       S

REA

RNA 
Ladder

RNA 
Ladder

POLL 4



RNAseq à RNA Integrity LAB

A       B       C      D        E        F        G                        R       S

RIN Score: RNA Integrity Number
1 = Degraded
10 = Intact

DV200 Method: for degraded 
samples, the RIN score is not 
accurate



RNAseq à RNA Integrity LAB
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RIN Score: RNA Integrity Number
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10 = Intact

DV200 Method: for degraded 
samples, the RIN score is not 
accurate



DV200 Method: for degraded 
samples, the RIN score is not 
accurate

RIN: 9.5

RIN: 2.3



RNAseq à Targeted

Better exon coverage in low quality samples – it requires less coverage, but library prep more expensive



QUIZ RNAà Go to Kahoot.it

then follow on-
screen instruction



RNAseq à low-input

a. Sorted cell population
(low input)

b. Single cells



RNAseq à low-input
Commercial kits and home-brewed protocols

SMARTseq

Template switch à Property of RT enzymes

Tagmentation à Low input

Single cells: 10-50pg of total RNA
à mRNA is 1-5% of total RNA: 0.1 – 2.5 pg



RNAseq à low-input 
and degraded RNA #2

?
POST-LIBRARY 
rRNA removal

NuGEN isothermal 
amplification



CELseq à in vitro transcription instead of PCR



DropSeq & Co.

Fluidigm C1Illumina BioRad

Targeted scRNAseq
+ Ab-seq



+ Spatial Transcriptomics





STANDARD SINGLE CELL

1. Physical isolation of single cells 
(droplet, well, …)

2. Reverse Transcription with cell 
barcode

3. Pooling and PCR

vs.

Combinatorial Indexing



RNAseq à smallRNA



RNAseq à smallRNA

Size selection options:

1. At the very beginning, before library prep – denaturing 
polyacrylamide gel (10-15%) 

2. After PCR – TBE PAGE 6%

3. both



RNAseq selector

Interested in:              mRNA                      polyA+ and polyA- sRNA                       rRNA
(non rRNA)

Small RNA 
Library Prep

No enrichment

degraded?

polyA-enrich rRNA-depletion

stranded

unstranded

stranded unstranded stranded unstranded

No Yes
No/Yes

targeted

stranded

unstranded

Low input polyA-enrich – single cell

rRNA-depletion – almost single cell

Targeted – ng





OTHER RELATED WORKSHOPs
WGS

WGS or 16S-seq

ChIP-seq

BS-seq

RNA-seq

RNA-seq

scRNA-seq



BEST PRACTISES IN NGS

1. SPIKE-IN CONTROLS à Especially for Quantitative Applications, such as RNAseq, ChIPseq…

2. UMIs (Unique Molecular Identifiers) à In order to distinguish the True Biological Signal vs. 
PCR Duplicate Artifacts

3. UDI (Unique Dual Indices) à Important with the advent of patterned flow cells. Each 
barcode is not present in any other sample (different from Combinatorial Dual Indices)



Spike-in controls
Chen K, Hu Z, Xia Z, Zhao D, Li W,
Tyler JK. 2016. The overlooked fact:
fundamental need for spike-in
control for virtually all genome-wide
analyses. Mol Cell Biol 36:662–667.
doi:10.1128/MCB.00970-14



UMIs in NGS

Counting absolute numbers of molecules using unique molecular identifiers.
Kivioja T, Vähärautio A, Karlsson K, Bonke M, Enge M, Linnarsson S, Taipale J.
Nat Methods. 2011 Nov 20;9(1):72-4. doi: 10.1038/nmeth.1778.

Sample 1

Sample 2

Sample 3

Sample 4

Index/
Barcode

UMI



UDIs in NGS
and Index Hopping

Index 1 Index 2
Sample 1:
Sample 2:
Sample 3:

Index 1 Index 2
Sample 1:
Sample 2:
Sample 3:

UDIs
Unique

CDIs
Combinatorial

Index Hopping



IDT for NGS

Index 1 Index 2
Sample 1:
Sample 2:
Sample 3:

Index 1 Index 2
Sample 1:
Sample 2:
Sample 3:

UDIs

CDIs



GOOGLE FORMs for 
ATTENDANCE and 

mini-QUIZ 
(LIBRARY and SEQ)



OTHER RELATED WORKSHOPs
WGS

WGS or 16S-seq

ChIP-seq

BS-seq

RNA-seq

RNA-seq

scRNA-seq



Casalmaggiore, Italy


