Sequencing Library Preparation

Slides courtesy of Sarah Boswell http://scholar.harvard.edu/saboswell
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RNA-seq Workflow

FASTQC
Adapter Trimming (Optional)

Counting reads associated with genes

Statistical analysis to identify
differentially expressed genes



Key steps In library preparation

> Library Preparation

> Library Amplification Bias

= Sequencing Terminology & Multiplexing




Purification and QC of RNA

= Start with highest quality RNA possible
> Perform DNase digestion

> Accurately quantity RNA

> Assess quality of RNA




RNA Extraction: Tissues / Trizol

RNA/ater®-1C

Thaw tissue not frozen In
Remove RNALser RNA/ater® in this solution prior
to BNA extraction.

and disrupt tiss

> Keep tissues as cold as possible

> \Work in cold room

> After homogenization suggest column lbased cleanup

> Particularly important if used Trizol for lysis
> DNase 10ug then column cleanup

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




RNA Quantification & Quality

> Quantification

> Absorbance: Nano-drop (50-500 ng/ul)

> Theoretically can read to 3000 ng/ul. Empirically find it is only
accurate within range above.

> Dye based
>  RiboGreen
>  Qubit / Quant-IT
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> Quality

> Visualize on gel

o
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> Agilent Bioanalyzer (RIN)




RNA quality

[FU [Ft
RIN =9.2 RIN =6.2 M\ RIN =3.2
. nt]

> High quality RNA needed for mRNA libraries

= Degraded samples should only be used to make a
“total” RNA-seq library — rBNA removal

> FFPE & Archival Samples




RNA enrichment

mMiRNA

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

tRNA -

rRNA tRNA
RNA by mass RNA by number of molecules

> PolyA tailed messenger RNA: mRNA-Seg
> Total RNA (rRNA removed): “total” RNA-Seg

Front Genet. 2015 Jan 26;6:2



https://www.ncbi.nlm.nih.gov/pubmed/25674102

MRNA (polyA) Purification

> mRNA enrichment

> mRNA binds beads coated with oligo dT primer

> Non-polyadenylated transcripts are washed away
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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

> polyA is the degradation signal




r'RNA Depletion

Bead RNase H

: mRN.A/Iong noncoding RNA/nas_cent RNA
= [llumina: TruSeg s o

—_ RNA —— rBNA

> Probes hybridize rRNA on magnetic l

5'biotinylated
DNA probe

beads

> RNA of interest remains in supernatant

> KAPA: RiboErase

> Probes hybridize rBNA in solution

> Hybrids are digested with RNase H T S rfied

RNA
> Probes digested with DNAse | /

purifie dRNA

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




MRNA Purification of Degraded Samples

Transcript 1
> PolyA tail no longer attached to transcript.

> Results in differential loss of transcripts between sampiles.




Key steps In library preparation

> Library Amplification Bias

= Sequencing Terminology & Multiplexing




RNA-seq Stranded Library
(dUTP method)

4. dUTP incorporation

5. Adenosine tailing

1. rRNA depletion 6. Y-shaped adapter ligation N
or mRNA purification

2. HINA fragmentation
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3. Random primer RT



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

Library Strandedness

5’ end 3’ end
| - Gehem—m——/m™ ™ ™ M

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

5’ 3
W —
7 ACCATGAACCGTA

FTGGTACTTGGCATYS

l Paired End Turnaround
l Read 2 Sequencing

SATGCCAAGTACCAS

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
l Coding strand

BiNA o A ACCATGAACCGTA A 1

5""ATCGGACCTAGGAGCC CCAGAw3

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

e Sh R e A ACCAUGAACCGUA 4,

mRNA
Direction of transcription

Read alignment depends on
direction of transcription

“sense” strand of transcript can
be on either the sense or
antisense strand of the DNA



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

Library Strandedness

Homo sapiens GRCh37 chr7:138613037-140392601 (1.77Mbp)

gene:ZC3HAVIL gene:UBN2 gene:ACO83883.1 gene:TBXAS1 gene:PARP12 gene:Ué gene:5S5_rRNA

I B B === W A H K

001 mRNA:ZCIHAVI-003 MmRNA: C7orf55 005 mRNA :HIPK2-001 MRNA:TEXAS1-009 mRNA :PARP12-001 MRNA:SLCI7A3-006 mRNA:DE]

Non-Stranded RNA Library

I I I 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

Library QC

> Quantification

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

Peak around 150 = primer dimer

10380  [bp]

= Size & Quality

> Agillent Bioanalyzer

> Sjze determination
35 150 300 500 1000 10380 [bp]

> Do not use for quantification




Size selection with SPRI beads

> Solid Phase Reverse
Immobilization beads

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

Carboxylate-Modified
Polymer Coating

S— - — - - - -

http://core-genomics.blogspot.com/2012/04/how-do-s

ri-beads-work.html



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

Key steps In library preparation

= Sequencing Terminology & Multiplexing




Library Amplification Bias

> Final step of library prep Is

amplification transcript count
2,13, 4

Amplification,
normalization

'
> |ntroduces library bias

> Some products preferentially amplified
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> Fewer cycles = less bias

transcript count

Modified from: Nature Methods 9 -



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

Library Amplification Bias

> Final step of library prep is
amplification

T (i

T
HIFL

|

> |Introduces library bias

> Some products preferentially amplified

>

mplification,
normalization

-

R
(T

> Fewer cycles = less bias

> Unigue Molecular Index (UMI)

> Accurately quantitates samples i

=~ 20 original molecules



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

Key steps In library preparation




Sequencing Read Order

Rd1 Seq Primer Index 1 primer
— — — > Barcode and/or UM| e— - - - >

| _ INDEX

< Cmm————  ~—
Index 2
primer(B) Rd2 Seq Primer

\—Y—/

Sequence of Interest

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

Index Read 2 (i5) * G&T read on other

Read 2 NextSeq (2 color)




Multiplexing (barcodes and indices

- sample2 sample3 sampled4 sampled sample6

Generate & pm \

indexed cDNA
libraries

Sequence pooled
libraries on a single
lane

—>12345ABXX illumina

N OO0 T T W RO e e In SIIICO: DemUItIpIeX
the data on index

GGGCCCAMTAG ATGGGGCCCARATAG ATGGGGCCCARATAG ATGGGGCCCAAATAG  ATGGGGCCCAAATAG ATGGGGCCCARATAG  ATGGGGCCCAATAG

sample sample2 sample3 sample4 sampleb sample6




Multiplexing (barcodes and indices)

> Multiplexing allows optimal use of sequencing reads.

> (Charges for sequencing are usually per lane of the flow cell

> HiSeq generates ~150 million reads per lane

> NextSeq generates ~ 450 million reads (one lane instrument)

> For RNA-seqg number of reads you need will depend on your
experiment

> 15 million standard for transcriptome (polyA selected)

> 20 million standard for total RNA (rRNA depleted)




DNA
(0.1-5.0 ug)

Single molecule array

\\§ 4 \ T Y, \ >
Library Preparation E Cluster Growth JjSequencing

1 2 3 4 S 6 / 8 9
EREEREEEE -

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 quantification

> Submit pool to core facility for sequencing

> Make all sequencing libraries in one batch

gPCR guantification
before sequencing




Final Thoughts

> Practice your library prep on a control sample.
> Be sure you understand each step In library prep.

> Talk to someone who has done the protocol before
starting.




Useful Websites

> support.illumina.com/
> seganswers.com/

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




