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Genome Center Core service lab - working with UCD, UC, and outside clients; ~ ten staff
members

Pioneering technologies - lllumina Genome Analyzer (2007), PacBio RS (2012), Fluidigm C1
(2014), 10XGenomics (2016), ONT PromethlON (2018)

We offer
o High Throughput Sequencing in all shapes and sizes: lllumina, PacBio (two Sequel II),
Nanopore & custom sequencing projects

Single-cell RNA-seq, sc-MultiOme - 10X Genomics, first projects Parse Biosciences
Optical Genome Mapping (Bionano Saphyr)

Free consultations -- in collaboration with the Bioinformatics Core
Sequencing library preparation workshops (not in pandemics)
High throughput COVID testing (in pandemics; > 600,000 tests)

?,\ s~ 768-Well Array Tape

Integrated RT-PCR systems for HT COVID testing

O O O O O




Outline

Who are we and what are we doing?
Overview HTS sequencing technologies

How does lllumina sequencing work?
Sequencing library and run QC

How does RNA-seq work?

PacBio and Nanopore Sequencing | "1 |

Some cutting edge technologies & applications | | |
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e HT Sequencing Illumina

* Long-Read & Linked-Read Sequencing

PacBio, Oxoford Nanopore, 10X Genomics | [GTTCA

« HMW DNA isolation ' AAGGAG
ITTGGE
TGCCAQ
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* Illumina microarray (genotyping)

I ——

* Single-cell RNA-seq

e Consultations = Experimental Design
(Bioinformatics Core & DNA Tech Core)

* introducing new technologies to the campus
e shared equipment
e teaching (workshops)
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01 General Information (20)

How do | get started working with the Core facilities? How do | set up an account with the Genome Center?
How do | set up an account in the PPMS ordering and instrument reservation system?
How do | make an appointment for a consultation?

How and when will | be invoiced?

How do | submit samples or libraries?

What is a Purchase Order? How do | create a PO?

How Do | Contact You?

Who do | ask for administrative/billing questions?

How do | subscribe to your newsletter or listserv?

Can | use Core facility equipment?

What Information Do You Require About My Project?

Where are you located?

How do | get into the Genome Center Building?

Do you archive submitted samples? Do you return samples?

When can | visit you / reach you?

Do you provide Bioinformatics help?

How do | acknowledge your services?

Do you ask for co-authorships?

Do you support pilot projects with Seed Grants?

What happened to the BGI@UC DAVIS ?

Prices or Recharge Rates (.

What are the prices associated with genotyping and sequencing?
How and when will | be invoiced?
Which recharge-rate scale (price scale) will apply to my project?

What is a Purchase Order? How do | create a PO?

03 Sample Preparation & Sample Requirements (18)

How should | QC my genomic DNA samples before sequencing?

Which DNA isolation protocols do you recommend for lllumina sequencing?

How to submit samples for Labchip GX RNA-QC and fragment analysis?

What are the sample requirements for DNA and RNA samples or for sequencing libraries ?

What type of samples are recommended for the isolation of HMW-DNA? (for Long-Read Sequencing)
What type of samples are recommended for RNA isolations for gene annotations?

Can you run samples with less than the recommended input material?

Can | submit samples of lower integrity than recommended?

How should | purify my samples? How should | remove DNA or RNA contamination?

How te purify DNA samples for long-read sequencing (PacBie, Nanopore)? How to remove polysaccharides?
Do you offer DNA isolations and RNA isclations as a service?

How to prepare samples for multiplexed amplicon sequencing on lllumina systems?

How do | ship RNA samples? How do | ship RNA samples if the transport will take a long time?

How should | prepare and sequence samples for ChlP-seq?

Recent Posts

Latest Tweets

How the US lets hot school days sabotage learning.
Both, a hotter environment and lack of air conditioning
are impa b, Jun 10

This looks like a breakthrough in whole-genome-
amplification (WGA). A very nifty modification of the
MDA protocol. hif hPyZ, Jun 10
Horizontal gene transfer in fishes:

http XePtb Turbid water caused by
spawning herrings: hit 2u MFi
Genome-sequence based phylogeny of angiosperms.
"synteny-based ows high resolution and
overall stron... hitps: sl IL, Jun 9

Single nuclei RNA sequencing reveals two halves of
the hippocampus have different gene activity

Important Information

llumina Librar

Ilumina Library S

Archives

Do you offer DNA isolations and RNA isolations as a service?

How to prepare samples for multiplexed amplicon sequencing on lllumina systems?

How do | ship RNA samples? How do | ship RNA samples if the transport will take a long time?
How should | prepare and sequence samples for ChiP-seq?

Do you have recommendations for the isolation of plant total RNA samples?

How to prepare samples for multiplexed amplicon sequencing on the PacBio Sequel?

How do | prepare DNA samples for RR-Seq (reduced representation sequencing)

Which protocols or kits do you recommend for RNA isolations from human and animal samples? How many cells will |
need?

04 Library Preparation and QC (12)

How do | size select libraries for the HiSeq 4000 with beads?

Do you recommend PCR-free sequencing library preparations?

What are the sample requirements for DNA and RNA samples or for sequencing libraries ?
When do you recommend 3'-Tag RNA-seq?

How to remave primer contamination from sequencing libraries? (free primers)

My libraries show peaks larger than expected. Can | still sequence these PCR-bubbles?
Which indexing scheme should | use for lllumina sequencing to prevent index hopping? (UDI adapter)
How should | prepare and sequence samples for ChiP-seq?

How many indexes are available for my libraries?

How do | pool sequencing libraries? Can you pool them for me?

Which strand is sequenced for my strand-specific RNA-seq data?

My PCR-free libraries do not look as expected on the Bioanalyzer. How should | QC PCR-free libraries?

05 Sequencing (17

How should | submit the barcode sequence information? In which direction will they be sequenced?
Can | submit a library | made?

What are UMIs and why are they used in high-throughput sequencing?

Where can | find a tutorial on lllumina and NGS sequencing?

Which read numbers/yields can | expect from lllumina sequencing?

My libraries show peaks larger than expected. Can | still sequence these PCR-bubbles?

Which indexing scheme should | use for lllumina sequencing to prevent index hopping? (UDI adapter)
How should | prepare and sequence samples for ChiP-seq?

How should | sequence ATAC-seq libraries?

What type of library services are available through the Core?

In which form will | receive the data?

When can | expect to get my data?

Can | reserve a spot in the queue?

Do you store samples and sequencing libraries?

Can | use custom sequencing primers? What melting temperatures should these have?

Do you offer 168 sequencing and 188 sequencing?

Sanger DNA sequencing and other services at UC Davis

086 Sequencing

ta (13)

What data will | receive for lllumina sequencing? Demultiplexing, Trimming, Filtering

‘When should | trim my lllumina reads and how should | do it?

Should | remove PCR duplicates from my RNA-seq data?

Why does FASTQC show unexpectedly high sequence duplication levels (PCR-duplicates)?

Where can | find the UMIs in the Tag-Seq data? When and how should | trim my Tag-Seq data? What is the low
complexity stretch in the Tag-Seq data?

Which data will | receive from the PacBio Sequel Il sequencer? Will they have quality scores?
How do | download my sequencing data?

Do you de-multiplex the sequencing data?

My FASTQ file contains some “N"s. |s there a problem with my data?

Where and how can | get my data?

Do you archive the sequencing data?

How should the miRNA/small-RNA data be trimmed?

Which strand is sequenced for my strand-specific RNA-seq data?



Genome Transcriptome Proteome

DNA Tech & Expression Analysis Proteomics Core Metabolomics Core

“DNA makes RNA and RNA makes protein”

the Central Dogma of Molecular Biology; simplified from Francis Crick

1958
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" WDNA makes RNA and RNA makes protein®

the Central Dogma of Molecular Biology; simplified from Francis Crick 1958

Genome Transcriptome Proteome
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Complementary Approaches | |

Still-imaging of clusters
(~1000 clonal molecules)

Short reads - 2x300 bp Miseq

Repeats are mostly not
analyzable

High output - up to 2.4 Tb per
lane

High accuracy (< 0.5 %)

Considerable base composition
bias

Very affordable

De novo assemblies of
thousands of scaffolds

PromethlON Nanopore

Movie recordings fluorescence Recording of electric current

of single molecules

Up to 70 kb, N50 25 kb

spans retro elements

up to 100 Gb per SMRT-cell,
up to 20 Gb HiFi data per cell

Raw data error rate 15 %
CCSdata<0.1%

No base composition bias

Costs 5 to 10 times higher

“Near perfect” genome
assemblies;
lowest error rate

through a pore

Up to 70 kb, N50 25 kb

spans retro elements

Up to 100 Gb per flowcell

Raw data error rate 2-10 %

Some systematic errors

Costs same or 2x higher

“Near perfect” genome
assemblies with compl.
data;

highest contiguity



High Throughput Short Read
Sequencing: lllumina

Whole genome sequencing & Exome sequencing:
Variant detection (small variants SNPs and indels)
Copy number variation (CNVs; prenatal diagnostics)
Genotyping by sequencing

Genome assemblies: small genomes
Metagenomics

RNA-seq: gene expression, transcript expression
Small RNA-seq

Single-cell RNA-seq

Epigenetics: Methyl-Seq:
ChIP-Seq (detecting molecular interactions)

3D Organization of the nucleus (Hi-C)
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Long Read Sequencing:
PacBio and Nanopore

Whole genome sequencing : Highest quality genome assemblies,
Structural variant detection

RNA-sequencing:
full transcript data, Iso-form detection and quantification
Direct RNA-seq identifies base modifications (Nanopore)

Metagenomics

Epigenetics (Nanopore: any modified bases, PacBio bacteria)




Illumina Sequencing
Technology

Sequencing By Synthesis (SBS) Technology

DNA
(0.1-1.0 ug)

Library
preparation Cluster generation

Sequencing
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TruSeq Chemistry
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lllumina’s sequencing is based on fluorophore-labelled dNTPs with reversible
terminator elements that will become incorporated and excited by a laser one at a
time.

Sequence
primer §




False colored and merged four channel
flowcell Images

1.6 Billion Clusters
Per Flow Cell

# e tTags @
s g @0 o &

.
ot} =g @




B&W imagi




UND"F]NCD FEATURE SHAS DEFINED FEATURE SHAFE
RANDOM SPACING ORDERED SPACING

-
. L
L

gy
L
.5 b4 r

NON-PATTERNED PATTERNED

-




Hiseq 4000: 478 million nanowells per lane
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SBS video

https://www.youtube.com/watch?v=fCd6B5HRaZ8




transcription and processing in '
nucleus Fo

Exon Intron

DNA
w‘

l Pre-mRNA
!nRNA..- transport through |

‘ { | E | T nuclear pore



Percent of Reads (%)
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MRNA makes up only about 2% of a total RNA sample




RNA-Seq library prep procedure

RNA-sample QC, quantification, and normalization

Removal of ribosomal RNA sequences:
via positive or negative selection: Poly-A enrichment or ribo-
depletion

Fragment RNA:
heating in Mg++ containing buffer — chemical fragmentation has
little bias

First-strand synthesis:
random hexamer primed reverse transcription

RNAse-H digestion:

- creates nicks in RNA strand; the nicks prime 2nd-strand
synthesis

- dUTP incorporated into 2" strand only

A-tailing and adapter ligation exactly as for DNA-Seq libraries

PCR amplification of only the first strand to achieve strand-
specific libraries - archeal polymerases will not use dUTP
containing DNA as template




Illumina sequencing workflow

» Library Construction
» Cluster Formation

» Sequencing

» Data Analysis




Isolated cell or
tissue population
i Extract total RNA

Long ncRNA
—~—— NS\ R
—~— N\AN

~—— AAAAA
Small ncRNA (

mRNA
P N e AAAAA
Isolate specific RNA species
Poly-A selection Ribo-depletion Size selection
N
—~—— AAAAA o imme |
~— AAAAA —~—— AAAAA e
- AAAAA
¢ Convert to cDNA
cDNA

i Construct sequencing library

[ — ) —

.

PCR amplification and sequencing

RNA-seq?

Sorry — lllumina and
PacBio are only
sequencing DNA.




Conventional RNA-Seq library preparation
w. Poly-A capture

AAAAAAAAA 1) PolyA+ RNA captured

TTTTTTTTTTTE)
v
TR TR = ™= ™= 2) RNAfragmented and primed
v
e s s mms s mmmm 5) FiFSt Strand cDNA synthesized
| |
—— 4) Second strand cDNA synthesized i “GCCAG
1 - [CCCG(
Z‘: A 5) 3" ends adenylated and 5" ends repaired |
p |
|
1 |

N\, /~ 6)DNA sequencing adapters ligated

Barcode

Rdl

7) Ligated fragments PCR amplified
Rd2  Index




What will go wrong ?

> cluster identification

» bubbles

» synthesis errors:

ClusterCluster
ClustBrCluster
ClusterCluster
ClusterCluster
ClllsterCluster




What will go wrong ?

» synthesis errors:

ClusterCluster
ClustBrCluster
ClusterCluster
ClusterCluster
CllsterCluster

ClsterClusterC

ClusterCluster
ClusterCluster

CllusterCluste

ClusterCluster

Phasing & Pre-Phasing

problems




The first lines of your data

@700593F : 586 :HTWJJIBCXX:1:1107:2237:10031 2:N:0:GGAGAACA
NNNNNNNNNNNNNNNNNNNNNNAGGCCAGCCATAGAACGCTCCCGGCTTCACGGACGT
CATATAGTCAGGCACGAGGTCGGCGCCGAGTTCGTCACGCTCGTTGACGACCGCCCAT
ACCGCTTGATTTGCGGGGTTGATCGCTAGCGCGGTCGGATTGCGAATGCCCGAGGCAT
ACGTCCGATGGGCCCCGCTGGCGCGGTCCACTTCCCATACAACCGCGCGTTCCTCTTC
CAGCGCCATGCCGCGTT

+
0EEEEEEEEEEECEEEEEEEA@@IHHFIIIITHIIIIITIITIEHIITIITHHFHIIITIIT
ITGHHHHIHHITITIEHITHIHIHIGITHHDHIIIITHHHHEEHIHIHCG/EH@GHHII

GIHHIIHHIIIICHGHHIHIIHHIIIIIHIHITHIGIIIGIEH?H?HHHIGHIIIGHI
GHIDHH@AHHIHIH=HI=GHGHHGD




IlHlumina SAV viewer % Kc

Q30 plot HiSeg3000 PE100
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RNA is not that fragile




RNA Handling Best Practices
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* 185 (2500b), 28S (4000b)
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Correlation

RNA integrity <> reproducibility

'—E_-

1n a 8 ]

RNA Irlntv;gl'll:mI Numb?er (RIN)

Protocol #1: lumina TruSe
EMNA Sample Preparation
Corralations between expression profiles
for samples from various RINS 1o sample
with RIN .4

Protocol #2: Epicentre RiboZera)
rRNA Removal kit and lllumina

=== TruSeq DNA Sample
. Preparation
Correlations between expression profiles
for samples from various RINs (o sample
with FIN 2.4

Protocol #3: NUGEN Ovation
Rﬂﬂgg FFPE §E§gm and
Mumina TruSeq DNA Sample

Preparation
Correlations between expression profiles
for samples from various RIMNs to sample

with FIN 9.4
3

Chen et al. 2014
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Quantitation & QC methods

» Intercalating dye methods (PicoGreen, Qubit, etc.):
Specific to dsDNA, accurate at low levels of DNA

Great for pooling of indexed libraries to be sequenced in one lane
Requires standard curve generation, many accurate pipetting steps

» Bioanalyzer:

Quantitation is good for rough estimate

Invaluable for library QC

High-sensitivity DNA chip allows quantitation of low DNA levels

»JPCR
Most accurate quantitation method

More labor-intensive
Must be compared to a control




Recommended RNA input

MRNA (TruSeq) 100 ng — 4 ug total RNA TAAD
Directional mMRNA (TruSeq) 1 -5 g total RNA or 50 ng mRNA

Apollo324 library robot 100 ng mRNA

(strand specific)

Small RNA (TruSeq) 100 ng -1 pg total RNA

Ribo depletion (Epicentre) 500 ng — 5 ug total RNA

SMARTer™ Ultra Low RNA 100 pg-10 ng
(Clontech)

Ovation RNA seq V2, 10 ng — 100 ng
Single Cell RNA seq
(NuGen)




https://Avww.yourgenome.org/facts/how-do-you-put-a-genome-back-together-after-sequencing

I Single reads
=
==
==
==
reference
sequence
sequenced part

= lunknown sequence
read length of unknown length

DNA fragment Hz
ea

Rea Paired-end
I =1 reads
== =
— e
reference
sequence

sequenced unknown  sequenced
fragment sequence fragment
R =
| |

200 - 1000bp

Single reads are the cheaper.
Paired-end (PE) reads are
helpful for:

@ alignment along repetitive
regions

@ chromosomal
rearrangements and gene
fusion detection

@ de novo genome and
transcriptome assembly

@ precise information about
the size of the original
fragment (insert size)

@ PCR duplicate identification



Library QC by Bioanalyzer

— [F§: » / ~ 125 bp
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140 —
130 —
120 —
110 —
0 —
90 —
a0 —

-

B0 —
L0 —

Library QC

Examples for successful libraries

=" bp

Adapter
contamination
at ~125 bp




Considerations in choosing an
RNA-Seqg method

* Transcripttype:

- mRNA, extent of degradation

- small/micro RNA
e Strandedness:

- un-directional ds cDNA library

- directional library
* |nput RNA amount:

- 0.1-4ug original total RNA

- linear amplification from 0.5-10ng RNA
 Complexity:

- originalabundance

- cDNA normalization for uniformity
* Boundary of transcripts:

- identify 5" and/or 3’ ends

- poly-adenylation sites

- Degradation, cleavagesites




strand-specific information

Standard library
(non-directional)

antisense

sense




Strand-specific RNA-seq

66,480 kb 66,500 kb 66,520 kb 66,540 kb 66,560 kb 66,580 kb
I | | I | |

Standard library (non-directional)

ikl e i Dol Mt it sl il ) O SR R R

Antisense non-coding RNA

e i e co il LR bl L b i it donticsit i L v et b L ks it bl ) (L e 17 I 1YY T b NPT ) P TR TTE BTN
Sense transcripts
} n = b
Ube3a C230091D0ERIK
] . LIl I-
Ube3a
i Hem
Ubeda

T
AZ230073K19RIk

» Informative for non-coding RNAs and antisense transcripts
» Essential when NOT using polyA selection (MRNA)
» No disadvantage to preserving strand specificity




RNA-seq for DGE

* Differential Gene Expression (DGE)
— 50 bp single end reads
— 30 million reads per sample (eukaryotes)

* 10 mill. reads > 80% of annotated genes
* 30 mill. . reads > 90% of annotated genes

— 10 million reads per sample (bacteria)




005)
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Number of DE
8

:

:

Number of DE genes (FDR 0.05)
g

#DE genes vs. Reps vs. # Reads (High Exp)

:
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E

For high expressers: Increasing sequencing

depth has little effect on increasing number
of DE genes detected, while biological
replicates are clearly more beneficial.

For low expressers: Both sequencing depth
and biological replicates increases power to




RNA-seq reproducibility

* Two big studies multi-center studies
(2014)

* High reproducibility of data given:

- same library prep kits, same protocols
- same RNA-samples

- RNA isolation protocols have to be
identical

- robotic library preps?




UMIs — Unique Molecular Identifiers },7 C
Molecular indexing for precision counts |

UMI application in quantitative studies (e.g. RNA-seq, scRNA-seq, miRNA-Seq, ChIP-seq).

PCR duplicate removal without UMIs PCR duplicate removal with UMIs
reference sequence

Grouping into
read families

}

in silico reduced to in silico reduced to
n =1 molecule correctn=4
molecules

All PCR duplicates?




Molecular indexing — for
precision counts

B

mRNAs

==Muolecular indexing

Reads

= |inigue reads




UMIs — Unique Molecular Identifiers
Molecular indexing for low abundance variants

UMI application in deep sequencing genomic variation studies (e.g. WGS, exome capture, cfDNA)

Variant calling without UMIs Variant calling with UMIs

reference sequence

True or False Variant? — FalseVariant
- present only in some
reads with same UMI
L
[
[
* True or False Variant? -*
- - — - -
]‘i — j‘i True Variant
present in all
- reads with same UMI
y y e

ap———

 — (modified from blog.avadis-ngs.com)

‘m



3’-Tag-Seq

In contrast to full length RNA-seq
Sequencing 1/10 for the average transcript
Less dependent on RNA integrity
Microarray-like data

Options:

BRAD-Seq : 3’ Digital Gene Expression

Lexogen Quant-Seq
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Library generation ~ Dzoomn @) 60 min
Reverse transcription Poly(A) RNA .
. o 5 AA..A..A3
(oligo-dT priming) 3’ e (77 [T
‘ Removal of RNA template 5
RNA removal 3 e o = \
4 5 >

Second-strand

Random priming

synthesis
5
Tagged double-stranded cDNA library
4 \
Purification
' N
Library amplification ~ &7omin @) smin
~
PCR
4 cDNA library with adapters for lllumina sequencing
Purification 2
External barcode L
{
NGS sequencing with CSP (or T-fill)
Optional multiplexing read 2 sequencing primer i
\ Read2
Sequencing NEAR. .Ax
Index read primer Read 1 T* Multiplexing read 1
sequencing primer

!
Data processing

De-multiplexing

- Mapping -

Digital counting J

f
f

Lexogen
Quant-Seq |

|

f
}

we include UMIs

1 .
{

H

.
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Other RNA-seq objectives

* Transcriptome assembly:

— 300 bp paired end plus
— 100 bp paired end

* Long non coding RNA studies:
— 100 bp paired end
— 60-100 million reads

* Splice variant studies:
— 100 bp paired end
— 60-100 million reads




RNA-seq targeted sequencing:

- Capture-seq (Mercer et al. 2014)
- Nimblegen and lllumina

- Low quality DNA (FFPE)
- Lower read numbers 10 million reads
- Targeting lowly expressed genes.




Typical RNA-seq drawbacks

* Very much averaged data:
Data from mixed cell types & mixed cell cycle stages

* Hundreds of differentially expressed genes
(which changes started the cascade?)

higher resolution desired

- beyond steady-state RNA-seq




mechanisms influencing the mRNA steady-state

* Transcription rates
* Transport rates

* miRNAs and siRNAs influence both translation
and degradation

 RNA modifications (e.g. methylated RNA bases,
m®A, m~C, pseudouridine, ...)

* RNA degradation pathways

* (differential translation into proteins)




beyond steady-state RNA-seq

* GRO-Seq; PRO-Seq; nuclear RNA-Seq:
what is currently transcribed

* Ribosomal Profiling:
what is currently translated

 Degradome Sequencing:
whatis ... ?




NUCRNA-seq

* Fractioning of nuclei and cytosol
e Studying active transcription

I NucRNA I CytoRNA

100 -
T
= |
£ 80
-
§ |
= 601
T |
@
& 404
g E
& 201
& |

0 . . )
Sleqat Slcqat Malat1 Dhaliwal et al. 2016

exon intron



GRO-Seq

Nuclei

uneniagad
engaged

Run-on + analog ] *

?/ Sarkosyl

%" f. Polymerase P

._._t./‘ Nascent RNA ——
Isolate and 3 RNA Cap = 2

hyrdrolyze RNA
Br-UTP %

ﬂ\’ ,—\L{
Nuclear RNAs —

Bead Binding *

E-{ \y—’

Wash / Elute

s

Core etal, Science, 2008
2008: GRO - without the seq

Global Run-On — sequencing
pulse-chase experiments (Br-UTP)
uses isolated nuclei

sarcosyl prevents binding of polymer‘aF@PTGA
(only transcription in progress will Qe’ S@EI\X%@AG
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Detection of novel transcripts includingA T " §
non-coding and enhancer RNAs |



Baranov 2014

Ribosomal profiling (ribo-seq)

Ingolia et al (2009) Science 324: 218-23

Lysis, RNA digestion
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Day 2-3

: 3-Endofc MRNA
Wp}“ Lb’A(AJ,‘
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Poly{A) RNA purification
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Fragment amplification by Indexed
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ICCCGC

Zhai et al . 2013




Poly(A) selected mRNA B
AAAAA

Degradomey
Sequencing

| TAPtreatment

P AAAAA
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| Fragmentation
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| Reverse transcription
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Deep sequencing
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Park et al . 2014 | ET



RNA velocity (2018) /
LETTER

https://doi.org/10.1038/s41586-018-0414-6

RNA velocity of single cells

Gioele La Manno'?, Ruslan Soldatov?, Amit Zeisel"?, Emelie Braun'?, Hannah Hochgerner'?, Viktor Petukhov>4,

Katja Lidschreiber®, Maria E. Kastriti®, Peter Lonnerberg!?, Alessandro Furlan', Jean Fan?, Lars E. Borm"?, Zehua Liu?,

David van Bruggen', Jimin Guo®, Xiaoling He’, Roger Barker’, Erik Sundstrém?®, Gongalo Castelo-Branco', Patrick Cramer>?,
Igor Adameyko®, Sten Linnarsson'?* & Peter V. Kharchenko®!%*
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Circular RNA  (circRNA)

Evolutionary conserved
Eukaryotes
Spliced (back-spliced)

Some tissues contain

more circRNA than mRNA JGCCAG

. . . - ICCCG(
Sequencing after exonuclease digestion

(RNAse R)

Interpretation of ribo-depletion RNA-seq
data ??7??




Back-splicing and other mechanisms

* miRNA sponge

Gene Model * protein expression
L———————— regUIatorSI
i) = MRNA traps
e o T (blocking translation)
i)
L————————————  Interactions with RNA

DNA template with repeated exons

i) binding proteins
Linear RNA with repeated exons

Trans Back Splicing

iv)

-@——- —_—
Cls Back Splicing

ecrcRNA

Jeck and Sharpless, 2014



PACIFIC
BIOSCIENCES

@

http://pacificbiosciences.com

THIRD GENERATION
DNA SEQUENCING

Single Molecule Real Time (SMRT™) sequencing
Sequencing of single DNA molecule by single
polymerase

Very long reads: average reads over 8 kb, up to 30 kb
High error rate (~13%).

Complementary to short accurate reads of lllumina




Third Generation Sequencing : Single Molecule Sequencing
Pacific Biosciences

4 nucleotides with different
fluorescent dye simultaneous
present |

\
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2-3 Kb (up to 50) read length ,
6 TB data in 30 minutes |
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Start with high-quality . Circularized DNA
double stranded DNA is sequenced in

repeated passes

Ligate SMRTbe” I T T T T T T T T T T T T T YT T Y
adapters and size select Tmmmmmmmmm—————— The polymerase reads

are trimmed of adapters

to yield subreads
Anneal prirﬁerS and L T T T P T T T T T T TP T Ty Consensus is called
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bind DNA polymerase from subreads
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HiFi READ
(>99% accuracy)




A Single Gene Locus =» Many Transcripts

chr15:63,334,785-63,364,028
MCF-7 Cells

Tropomyosin Alpha-1 Chain slide from G. Shenykman, ASMS talk 2014
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en

E
.4-
Ll
[]

iﬂﬂ

= &Y BIOSCIENCES®



Iso-Seq Pacbio

Sequence full length transcripts
- no assembly

High accuracy (except very long
transcripts)

More than 95% of genes show alternate
splicing

On average more than 5 isoforms/gene

Precise delineation of transcript isoforms
( PCR artifacts? chimeras?)




DNA can be sequenced by threading it through a microscopic pore in a membrane.
Bases are identified by the way they affect ions flowing through the pore from one
side of the membrane to the other.

DNA DOUBLE
HELIX

© Aflow of ions through
the pore creates a current.
Each base blocks the

© One protein flow to a different degree,

Bn'\ZILpS h:l;e i altering the current.

i in

two S‘faﬂds- TGATATIGCT "TGAiw

0 Asecond

protein creates

apore in the

membrane

and holds

an *adapter’

L O The adapter molecule
keeps bases in place long
enough for them to be

identified electronically.




scRNA-seq (single cells)

UCD Bioinformatics Core
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e Gene expression profiling of individual cells.
e Resulting data can distinguish cell types and cell cycle stages - no longer a mix

e Allows the analysis of low abundance cell types



cDNA preparation

T Collect T RT T Reni':l’s\?é Uilﬁ
> eceeoeeo@oel - - U
10x Barcoded Cells Qil -
Gel Beads Enzyme ’ K \\\\\
oCells captured by gel ANV
beads ] Sirgéidgell 10x Egrcm?ded 10x Egac:ded
10X barcode added to J
tranS C r | pt . Transcriptional profiling of individual cells
« cDNA amplification. et 3 : .
Gene 1 Gene 2... Gene 2,000
e Transcriptional profiling of . :
IndIVIduaI CeIIS due tO Cell 5000 [;ene1 [;ene 2. (;ene 2,000

tiniatie barcodec / 1 IMIc



Cell partitioning into GEMs

eGEMs Gel Bead-In EMulsions

Credit: 10X Genomics

Single Cell

Gel Bead (w/ oligos)

RT Reagents
in Solution

Partitioning Qil



Library preparation

1 Molecular Barcoding in GEMs Credit: 10X Genomics

J C—

2 Pool, Library Prep 3 Sequence and Analyze

C > cDNAPCR, Shear, End-repair,
A-tail, Ligate, SI-PCR

= s

Ao

Final Library Construct

P5 Read 1 10x UMl Poly(dT)IVN Read2 Sample
Barcode Index



Spatial Transcriptomics (10XGenomics Visium; Slide-Seq)

4 Map gene expression into space

. g e 73 4 '.-'
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https://www.youtube.com/watch?v=gb0vgwIQPo8&t=2783s

A Bead deposition In situ indexing B

Total time ~ 3 hours

Transfer to tube

Section tissue

© Fibroblast
@ Ependymal
@ Choroid
OHabenula

@ Oligo

Hippocampus



Microscopic examination of spatial transcriptome using Seq-Scope
Cho et al. 2011

e Seq-Scope: two rounds of sequencing

e 15t generation of UMI haboring clusters (HDMI array) on Miseq flowcell
- UMI localization

* Mounting of tissue section, fixation, digestion, release of RNA, cDNA-
synthesis, denaturation

e 2nd: Sequencing round: = transcript and UMI counts

. Frozen Tissue Section
lllumina ’

Flow Cell

XA Capture
= - ‘\’\\\ \
bWy vy o)
1-,.\\;; \\\\\\\\\\
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Sea-Scope HDMI-Array



Microscopic examination of spatial transcriptome using Seqg-Scope
Cho et al. 2021

e Seg-Scope: two rounds of sequencing
e 1%t generation of UMI haboring clusters (HDMI array) on Miseq flowcell

* Mounting of tissue section, fixation, digestion, release of RNA, cDNA-
synthesis, denaturation

« 2nd: Sequencing round: transcript and UMI counts

Subcellular Transcriptome Single Cell Transcriptome (Liver)

-... s i Overlay
21 3

Nucleus/Cytoplasm/Mitochondria

50 25 00 25
UMAP_1

Seq -Scope Periportal




Microscopic examination of spatial transcriptome using Seqg-Scope
Cho et al. 2021

* HDMI array generation

Initial HDMI-TruEcoRI “seed” library

GAGAT TCTTTCCCTACACGACGCTCTTCCGATCT HNNBNBNBNBNBNBNBNNNN CCCGTTCGCAACATGTCTGGCGTCATA GAATTC CGCAGTCCAG GTGTAGATCTCGGTGGTCGCCGTATCATT-3”
TruSeq Read 1 HDMI HDMI Read 1B EcoRI P5 sequence

. Sequencmg by Synthesis in MiSeq instrument (SBS, single-end) .v

TruSeq Read 1 HDMI HDMI Read 1B EcoRI P5 sequence
T TCTTTCCCTACACGACGCTCTTCCGATCT NNVNNVNNVNNVNNVNNNNN CCCGTTCGCAACATGTCTGGCGTCATA GAATTC CGCAGTCCAG GTGTAGATCTCGGTGGTCGCCGTATCATT-3’
€ € &€ &€ & € & € GGGCAAGCGTTGTACAGACCGCAGTAT CTTAAG GCGTCAGGTC-5'

Readl-EcoRI
-

TruSeq Read 1 HDMI HDMI Read 1B 2ECoRI P5 sequence
;AT TCTTTCCCTACACGACGCTCTTCCGATCT NNVNNVNNVNNVNNVNNNNN CCCGTTCGCAACATGTCTGGCGTCATA C\é?TC CGCAGTCCAG GTGTAGATCTCGGTGGTCGCCGTATCATT-3'
CTAGA NNBNNBNNBNNBNNBNNNNN GGGCAAGCGTTGTACAGACCGCAGTAT C aG GCGTCAGGTC-5'

Readl-EcoRI

4=

TruSeq Read 1 HDMI HDMI Read 1B
ATACGAGAT TCTTTCCCTACACGACGCTCTTCCGATCT NNVNNVNNVNNVNNVNNNNN CCCGTTCGCAACATGTCTGGCGTCATAG-3

e UMI- ollgo annealing and Phusion extension .’

P7 se TruSeq Read 1 HDMI HDMI Read 1B

A TACGAGAT TCTTTCCCTACACGACGCTCTTCCGATCT NNVNNVNNVNNVNNVNNNNN CCCGTTCGCAACATGTCTGGCGTCATAG > 2 > D D D D D D D D D D D> >
€ € € € € € € € € € € € € &€ € € € € € € GGGCAAGCGTTGTACAGACCGCAGTATC NNNNNNNN AAAAAAAAAAAAAAAAAAAAAAAAAAAARA-5'
UMI-oligo
. NaOH wash & completion of HDMl-array ‘
I TruSeq Read 1 HDMI HDMI Read 1B Oligo-dT

SCATACGAGAT TCTTTCCCTACACGACGCTCTTCCGATCT NNVNNVNNVNNVNNVNNNNN CCCGTTCGCAACATGTCTGGCGTCATAG NMNNNNNN TTTTTTTTTTTTTTTTTTTTTTTTTTTTTT-3'









