RNA Sequencing Library Preparation
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RNA-seq Library Preparation

> Starting material

> Library preparation
> Multiplexing
> Low input / single cell RNA-seq




Purification and QC of RNA

> Start with highest quality RNA possible

» Column or bead purification
» DNase sample

» Clean up any Trizol or phenol contamination with
secondary column or bead purification

» Accurately guantify RNA
> Assess quality of RNA




RNA Extraction: Tissues / Trizol

Isolate total or

B mRNA using
) your
favorite

procedure

Adayat<37°C Remove RNAlater™,

A week at < RT add Lysis Solution
Amonthat<4'Cor and disruprt tissue
Indefinitely at -20°C

> Store tissue in RNAlater if possible.

» Keep tissues as cold as possible.

> Work in cold room

> After homogenization suggest column based cleanup.

s://www.thermofisher.com/order/catalog/product/AM7020




RNA Quantitation & Quality

> Quantitation

» Absorbance: Nano-drop (50-500 ng/ul)
» Theoretically should read to 3000 ng/ul.

» Emupirically find it is only accurate within range above.

» Dye based

> RiboGreen
>  Qubit / Quant-IT

> Quality

> Visualize on gel

o
»

» Agilent Bioanalyzer or Tapestation (RIN)




RNA Enrichment

mMiRNA

7SL
IncRNA SNRNA Other IncRNA
mMRNA | —" ! rRNAs

tRNA -

rRNA tRNA
RNA by mass RNA by number of molecules

» PolyA talled messenger RNA: mRNA-seg
» Total RNA (rBNA removed): “total” RNA-seg

Front Genet. 2015 Jan 26; 6:2 (doi: 10.3389/fgene.2015.00002)




RNA Quality

RIN=9.2 RIN = RIN=3.2

IS e

200 500 1000 2000 A00:

igh quality RNA needed for mRNA libraries
» RNA integrity number (RIN) > 8

» Degraded samples should only be used to make a

“total” RNA-seq library — rBNA removal
» FFPE & Archival Samples




MRNA (polyA) Purification

> MBNA enrichment

> MRBNA binds beads coated with oligo dT primer

» Non-polyadenylated transcripts are washed away
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MRNA Purification of Degraded Samples

Transcript 1

> PolyA tail no longer attached to transcript.

» Results iIn random loss of transcripts between samples.




Transcripts Lost In polyA Purification

Ribosomal/Transfer RNA
Histone mMRNA
_ong-noncoding RNA

Nascent intron containing
transcripts

Micro RNA

Degraded RNA

Many viral transcripts
Prokaryote/Bacterial transcripts
> pPolyA Is a degradation signal




'RNA Depletion

Bead RNase H

MRNA/long noncoding RNA/nascent RNA

> lllumina: TruSeg — — ==
| T —RNA

> Probes hybridize rBNA on magnetic beads

5'biotinylated
DNA probe

> RNA of interest remains in supernatant

> KAPA: Ribokrase

> Probes hybridize rRNA in solution
» Hybrids are digested with RNase H

> Probes digested with DNase |
Purified RNA

Modified from: Scientific Reports 6, article 37876 (2016)




RNA Purification

> Test your sample storage and extraction
method prior to any large-scale experiment.

> Determine the quantity and quality of your
sample.

» Decide If you are performing mRNA-seq or
total RNA-seq.




RNA-seq Library Preparation

» Library preparation

> Multiplexing

» Low input / single cell RNA-seg




RNA-seq Stranded Library
(dUTP method)

4. dUTP incorporation

5. Adenosine tailing
3’ end modification

1. rRNA depletion 6. Y-shaped adapter ligation >=' l, 1<
or mRNA purification

MT—U—U—U—U—AJ
T . P7 end / \ P5 end
2. WA fragmentation

7. dUTP strand degradation l,

or strand specific amplification S,
8. PCR

3. Random primer RT




Library Strandedness

5’ end 3’ end
> | -  Gehem—r—r-orvn —
AG

l First strand synthesis

[
4

5" RNA
3" First Strand cDNA

l Second strand synthesis

*First Strand cDNA
5’ Second Strand ¢cDNA

l Ligate Adapters
l Enrich DNA fragments

l Cluster Generation

l Read 1 Sequencing

l Paired End Turnaround
l Read 2 Sequencing

dUTP is used in the Second
Strand Marking Master Mix
instead of dTTP. Second strand
c¢DNA synthesis is required for
adapter ligation.

Polymerase used in the assay
will not incorporate past
dUTP. Therefore, the second
strand is effectively quenched
during amplification.

In Read 1, sequencing reads

map to the antisense strand.

In Read 2, sequencing reads
map to the sensestrand.

Transcription
start site

+1
Coding strand

l BN . A ACCATGAACCGTA' A 1

5'"wATCGGACCTAGGAGCC CCAGAw3

3 wwTAGCCTGGATCCTCGG ¢ Template strand cGGTCTw5
T .- A
ATGGTACTTGGCAT: T

, g A ACCAUGAACCGUA i
5 pppACCUAGGAGCC 3/

mRNA
Direction of transcription

Read alignment depends on
direction of transcription

“sense” strand of transcript ca
be on either the sense or

antisense strand of the DNA

SATGCCAAGTACCAS
< Read 2

hp?t=44220


http://tucf-genomics.tufts.edu/home/faq

Library Strandedness

Homo sapiens GRCK37 chr7:138613037-140392601 (1.77Mbp)

gene:ZC3IHAVIL gene:UBNZ gene:tACO83883.1 gene:TBEXAST gene:PARFP1Z gene:Ué gene:55_rRNA

I B i B A === W 4

001 mMRNA:ZCIHAVI-003 MRNA:C7orf55-005 mRNA:HIPK2-001 MRANA:TEXASI-009 MRANA:PARPIZ-001 MRANASLCIFAZ-006 mRNA:DE

Non-Stranded RNA Library

I | I | I | I |
138,800,000 139,000,000 139,200,000 139,400,000 139,600,000 139,800,000 140,000,000 140,200,000

https://galaxyproject.org/tutorials/rb _rnaseq/



http://tucf-genomics.tufts.edu/home/faq

RNA-seq Library Preparation

> Amplification bias

> Library QC
> Multiplexing

» Low input / single cell RNA-seg




Library Amplification Bias

» Final step of library prep is
amplification transcript count
2,13, 4

Amplification,
normalization

'
» Introduces library bias

» Some products preferentially
amplified (~40-60% GC)

|
|

f?;%

7))

equencing

[

» Fewer cycles = less bias
transcript count

12, 20, 8

Modified from: Nature Methods 9, 72-74 (2012)




Limited Cycle Library Amplification

» Perform micro gPCR reaction on small amount of pre-
amplification library (Kapa)

Time (min)

20 25 30 35 40
v = -3.4496x + 36.24
RZ = 0.9998

45
40
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25

o)
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o
o
5

C

Log (Concentration)

> Amplify only the number cycles needed to get enough
product for sequencing (20ul of 4nM product)

» Stop reaction when fluorescence between standard 1-3

-quantification-tech-quide/?dl=1



http://tucf-genomics.tufts.edu/home/faq
http://tucf-genomics.tufts.edu/home/faq

\
Limited Cycle Library Amplification
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Amplify 9 cycles




Library QC

>  Quantification

» Dye based
> SYBR Green
>  Qubit / Quant-IT

> Size & Quality

Agilent Bioanalyzer or
Tapestation

Size determination

Do not use for final
guantitation

35

35

150

150

300

300

10380 [bp]




Size selection with SPRI beads

, Carboxylate-Modified
> Solid Phase Reverse Polymer Coating

Immobllization beads

= Carboxyl groups on the
bead surface bind DNA In
the presence of crowding
agents (PEG & NaCl).

http://core-genomics.blogspot.com/2012/04/how-do-spri-beads-work.html



http://tucf-genomics.tufts.edu/home/faq

RNA-seq Library Preparation

> Multiplexing

» Seqguencing read order/terminology

» Low input / single cell RNA-seg




Multiplexing (barcodes and indices)

- sample2 sample3 sample4 sampleb sample6

Generate & pm.

iIndexed cDNA
libraries

Sequence pooled
libraries on a single
lane

—>12345ABXX illumina

L L R T T in SiliCO . Dem u Iti pIeX

\ \ the data on index

sample sample2 sample3 sample4 sample5 sample6

ATGGGGOCCAAATAG  ATGGGGCCGAAATAG ATGGGGOCCAAATAG  ATGGGGCCCAAATAG




DNA
(0.1-5.0 pg)

Single molecule array

. Y I ) . S
Library Preparation E Cluster Growth JjSequencing

1 2 3 4 S) 6 / 38 9
EEEEEEREE -

Jj Image Acquisition Jj Base Calling

Consider Cluster Size in Multiplexing



http://tucf-genomics.tufts.edu/home/faq

Multiplexing

» Pool samples based on dye based quantitation.

» Submit pool to core facility for sequencing.

gPCR quantify library
pool before sequencing




Sequencing Read Order

Rd1 Seq Primer Index 1 primer

é ——————— > BarCOde aﬂd/OF UM' é ————>

ﬁ ool INDEX
Index 2

primer(B) Rd2 Seq Primer

—

Sequence of Interest

" Read 1 HiSeg/MiSeq (4 color)
. Index Read 1 (i7) * A&C read on one camera

ndex Read 2 (i5)  G&T read on other

Read 2 NextSeqg/NovaSeq (2 color)




RNA-seq Library Preparation

» Low input / single cell RNA-seg




Single Cell / Low Input Methods
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Modified from :C. Ziegenhain et al., Comparative Analysis of Single-Cell RNA Sequencing Methods, Molecular Cell 2017 (doi: 10.1016/j.molcel.2017.01.023)




Single Cell / Low Input Methods

CEL-seq2/C1
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Modified from :C. Ziegenhain et al., Comparative Analysis of Single-Cell RNA Sequencing Methods, Molecular Cell 2017 (doi: 10.1016/j.molcel.2017.01.023)



Single Cell / Low Input Methods

CEL-seq2/C1 — MARS-seq SCRB-seq
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Modified from :C. Ziegenhain et al., Comparative Analysis of Single-Cell RNA Sequencing Methods, Molecular Cell 2017 (doi: 10.1016/j.molcel.2017.01.023)




SCRB-seq: 3’-bias SMART-seq with UMIs

Plate / Treat / Lyse cells
Store -80 until library prep

l Lyse Cells / Extract RNA

SN L UL AAAAAAAAAA

Oligo dT [BC] [PCR] \

l 6bp
emplate switching oligo
BT (GrG4G v S S S AAAAAAAAAA

Pool 384 well plate| TeMPplate switching by

Single Primer PCR l Reverse transcriptase

——
e ————————{ )
C—
Single Primer PCR

l Tagmentation (Tn5)

o w A o

| —— e ] ]
| ——

l Enrichment PCR with

P5 primer 3'-DGE specific i5 primer
[
. —

. -

. i/ index P7 primer
Sequencing

Barcode/UMI read i7 index read
> —>p

W O —_E T
<4+—

3’ cDNA Fragment read

Xiong, Y. et al. A Comparison of mMRNA Sequencing with Random Primed and 3’-Directed Libraries. Sci. Rep. 2017 (doi: 10.1038/s41598-017-14892-x)
Soumillon, M. et al. Characterization of directed differentiation by high-throughput single-cell RNA-Seq. bioRxiv 2014 (doi: 10.1101/003236)




Final SCRB-seq Library

-_ TTT 3' cDNA fragment

Well/Cellindex (N,) + Unique Molecular Identifier (N,,)
Plate indexing

> 17 cycles on Well Barcode & UMI

> 8 cycles on Index 1 Plate Index for
multiple plates

> 46 cycles on cDNA fragment




Unique Molecular Index

[TTTTT(20) — — Barcode — Adapter

Cell or Well Barcode

> Plate based assay need 96 or 384 well plate of
barcoded/UMI-tagged primers for RT.

» Droplet based methods have a similar pool of
primers in each drop.




Library Amplification Bias

» Most low input preps have
several rounds of amplification
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Amplification,
normalization

> Introduces library bias
» Some products preferentially amplified

-

R
(T

» Unique Molecular Index (UMI)

> Accurately quantitates samples

13 UMIs
=~ 20 original molecules

Nature Methods 9, 72-74 (2012)




Bulk vs Single Cell RNA-seq (SCRNA-

average  » comparative transcriptomics

expression  » disease biomarker

level > homogenous systems

Population 1 . 4efine heterogeneity
RNA g%bg'o Population 2 © dent ” at
SC -Seq O% c%) 8 Population 3 identify rare cell population

» cell population dynamics

Population 4




Transcriptome Coverage (MRNA)

1. mMRNA: TruSeq (Gold Standard)

» ~20,000 transcripts

» More when consider splice variants / isoforms

» Observe 80-95% of transcripts depending
on sequencing depth




Transcriptome Coverage (MRNA)

1. mMRNA: TruSeq (Gold Standard)

> ~20,000 transcripts

» More when consider splice variants / isoforms

» Observe 80-95% of transcripts depending
on seguencing depth

2. Low input methods ~3000 cells / well
» 4000-6000 transcripts per sample

> Limiting to transcripts observed across
all samples

» Observe 20-60% of the transcriptome




Transcriptome Coverage (MRNA)

1. mRBNA: TruSeq

» ~20,000 transcripts / 80-95% transcriptome

3. Single Cell Methods
» 200 -10,000 transcripts per cell

» Observe 10-50% of the transcriptome

> Many transcripts will show up with zero
counts in every cell. (even GAPDH)

2. Low input methods ~3000 cells / well

» 4000-6000 transcripts / 20-60% of transcriptome




Comparison of Single Cell Methods

inDrops 10x Drop-seq Seqg-well SMART-seq
CeII.C:':l pture ~70-80% ~50-65% ~10% ~80% ~80%
efficiency
Time to capture ~30min 10min 1-2 hours 5-10min --
10k cells
Droplet Droplet Droplet Nanolitre well Plate-based
Enca!tosu;atlon - L] | %)
yp Al 000
CEL-se SMART-seq SMART-seq SMART-seq SMART-seq
Library prep Linear am Iificati%n bv IVT Exponential PCR based Exponential PCR based Exponential PCR based Exponential PCR based
P y amplification amplification amplification amplification
Commercial Yes Yes - - Yes
Cost (~$ per cell) ~0.06 ~0.2 ~0.06 = 1

Strengths

* Good cell capture

+  Cost-effective

* Real-time monitoring
»  Customizable

Good cell capture

Fast and easy to run
Parallel sample collection
Best gene per cell output

Cost-effective
Customizable

Good cell capture
Cost-effective
Real-time monitoring
Customizable

Good cell capture
Good mRNA capture
Full-length transcript
No UMI

Weaknesses

Difficult to run

Expensive

Difficult to run & low cell
capture efficiency

Still new!

Expensive

Modified from: C. Ziegenhain et al., Comparative Analysis of Single-Cell RNA Sequencing Methods, Molecular Cell 2017 (doi:
10.1016/j.molcel.2017.01.023)




iINDrops &10x Single Cell Encapsulation

> Single cell suspension injected at density ~80,000 cells/ml

RT Lysis Mix

> By matching the speed of bead injection with the speed of
droplet generation nearly every droplet is loaded with one
hydrogel bead




Single Cell Core Workflow

Good sample prep is the key to
SUCCESS.

Well planned pilot experiment key to
evaluating sample preparation.

Do not rush to the final experiment.

Consult

Sample
Prep

Pilot
Experiment

Data
Analysis




Key to Success: Sample Preparation

High cell viability (>90-95% preferred)
Minimal free-floating RNA

Single cell suspension

Dissociation protocol is cell type dependent
Primary samples are much more difficult

Cryopreservation or Nuc-seg works on some sample types




Key to Success: Reduce Batch Effect

Encapsulate control and test sample on same day.

> Minimally need biological replicates on all samples.

» Use same processing method and times for all samples.

iINDrops and 10x samples stored as DNA:RNA hybrids

» Accumulate encapsulated samples until study is finished before
processing samples to final libraries.

» Backup samples can be used for batch effect controls.




Key to Success: Talk to an expert

Single Cell Core

Research Application Fees People Resources Publications

Welcome to the Single Cell Core (SCC). Harvard Medical School and the Department of Systems Biology is proud to be offering the inDrops single cell

sequencing technology from the laboratory of Dr. Allon Klein to the greater scientific community.

Projects are initiated on a first come, first serve basis upon receipt of your application. We will do our best to respond to applications within a week to book an

initial consultation.

Come see us at the NanoCourse: Single-Cell Sequencing: Experimental Design, Analysis, and Practical Applications
March 7, 2019, 1-4pm

Please see below to registar:

https://nanosandothercourses.hms.harvard.edu/node/446

https://singlecellcore.hms.harvard.edu/scc-a



https://singlecellcore.hms.harvard.edu/scc-application

Between Bulk RNA-seg and scRNA-seo

Low Input

Deep RNA-seq | Sort-seq (SCRB-seq)

scRNA-seq

Transcriptome
Coverage

Throughput

Cell Subtype
Information

Sequencing Depth

Cost per Sample




Final Thoughts

> Practice your library prep.

» Be sure you understand each step in library prep.
» Design your experiment to reduce batch effect.

» Prep all libraries in one batch.

» lalk to someone who has done the protocol before
starting.




