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TODAY (day 1)

* INTRO to SEQUENCING
 LIBRARY PREP 101
Specialty DNA Library Preps

TOMORROW (day 2)

 RNA Library Preps

* RNAseq
 small RNA-seq
* Low-input RNAseq

THURSDAY: ONLINE LAB Experiments (day 3)

(Use the TapeStation for QC; Library Preparation; submit libraries for sequencing)
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NO QUESTIONS IN THE CHAT, PLEASE!!!!

USE THA CHAT ONLY TO REPORT TECH
PROBLEMS...like audio/video

MAKE SURE YOUR MIC IS MUTED,
PLEASE!!!!



1. POST QUESTIONS in GOOGLE DRIVE. | will
periodically answer to them

2. POLLS during the class

3. This class will be recorded. There are also
videos available online for the past session.
(W16 — Collaboratory webpage)
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% Histone modifications (e.g., acetylation, methylation)

) DNA modifications (e.g., methylation)

E.g., splicing variants
and copy number
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IP-seq
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Targeted genomic/Epigenomic sequencing

Long-range regulatory elements
(enhancers, repressors/
silencers, insulators)

Seee -

Cis-regulatory elements
(promoters, TFBSs)

WGS “Exome” sequenci
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Illumina lonTorrent

sequentially flow unlabeled dNTPs
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time (s)

Next-Generation Sequencing or Second-Generation

Sequencing:

Amplification is required before Sequencing

Sequencing by Synthesis

Short Reads

Millions of Reads

Low Error-rate

CANNOT read native modifications!!!

Oxford NanoPore

current (pA)

HP motor

template
read

motor enzyme

tether

2-direction
read

time (ms)

Third-Generation Sequencing:

Single-molecule sequencing
Real time

Longer Reads

Higher Error-rate (but..)

Lower number of Reads
Read native modifications!!!

First-Generation Sequencing:
Maxam-Gilbert & Sanger

10,000,000
lllumina
Illumina HiSeq X Ten
lllumina HiSeq 2500
1.000.000 Hi-Seq 2000
Complete . ABI SOLID
Genomics 5500xI W |llumina
ABI sOLiD Intelligent 75  HiSeq 3000
i Bio-Systems
100.000 |30x human genome ]IIumma. 5500x! MA){-Seq
—_ AN Ao lllumina GAlix 75 llumi
Q GAll 35 umina
) NextSeq 500
E ABI SOLID 3
S Helicos
5 10,000 Heliscope  pyonator : .
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o Roche/454
(0] GS FLX+
e 1,000 () ®
-(C) Solexa/lllumina Pacific Bioscience
sequence analyser RSl
g = s Oxford Nanopore
MinION
100 Roche/454 <
454 GS-20 GS Junior
pyrosequencer ’
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Adapter

DNA fragment

DNA ,.:..

Dense lawn

—_— of primers
o000 eo0e®
mm.oooo ..:... Adapter
siss S8 sees :
seug &332 e

Adapters :
Prepare genomic DNA sample ! : , Attach DNA to surface
Randomly fragment genomic DNA i H | Bind single-stranded fragments
and ligate adapters to both ends of ] & ; i randomly to the inside surface
the fragments. i i of the flow cell channels.

Annual Review of Genomics and Human Genetics, 2008
Molecular Cell. 58 : 586—597 (2015)

Next-Generation Sequencing or Second-Generation
Sequencing:

Amplification is required before Sequencing
Sequencing by Synthesis

Short Reads

Millions of Reads

Low Error-rate

CANNOT read native modifications!!!

HiSeq 4000

Nucleotides

—_—
Bridge amplification
Add unlabeled nucleotides 4 o i
and enzyme to initiate solid- t U
phase bridge amplification. 1
b 3
i ; ;s : i; First chemistry cycle:
‘ ; determine first base .

233 °
; §§ ‘ / “o:. ©  Toinitiate the first

< .;( sequencing cycle, add

‘. 3 all four labeled reversible G
terminators, primers, and
DNA polymerase enzyme
to the flow cell.

Image of first chemistry cycle

After laser excitation, capture the image
of emitted fluorescence from each
cluster on the flow cell. Record the
identity of the first base for each cluster.

Laser

@ A ® G ®
® o ® G ® o0 ® o0 G

G

i Denature the double
1y : stranded molecules

Before initiating the
next chemistry cycle
The blocked 3' terminus
and the fluorophore
from each incorporated
base are removed.

—> GCTGA...

Sequence read over multiple chemistry cycles

Repeat cycles of sequencing to determine the sequence
of bases in a given fragment a single base at a time.



Flow-cell

Patterned
Flow-cell

e.g. HiSeq3000/4000/X Flow cell = 8 lanes = each lane has =480M cells
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1. DNA

2. short (average 200-800 bp)

Whisky A Go Go

3. modified with adapters*V

HiSeq™ 4000

e 'I|' '
Adapter
Ligation |




1. DNA

2. short (average 200-800 bp)

3. modified with adapters®/

CONCENTRATION

(H]

BEVERLY GROVE

HiSeq™ 4000

Adapter
Ligation

0000000

Finaltibrary

CENTURY CITY

&5
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N NanoDrop
_ ™ -~ Spectrophotometer
@ " Pro:260/280 and 260/230 ratio n\ / : \—| .—‘
Cons: Inaccurate, especially if DNA Qubit Fluorometer
is not clean and low concentration. Prét mare accurate land
@ J specific + low concentration
IT’S OK' FOR RNA - Cons: does not detect
Substance Absorbance (nm) Purity indicator contaminants
Nucleic acids 260 nm A260:280 > 1.8 DNA
Proteins 280 nm A260:280 > 2.0 RNA
Organics 230 nm A260:230 > 2.0 DNA/RNA \ ‘ ‘ ‘ ‘ / | \ ‘ ‘ ‘ ‘ ! |J\ v /

<

\
1 2 3
c .
48,500 .l.. ...
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2,000 w—
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St
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400 -
250
100 I — - — — — I — — — . —— - — _— — — I — - — - — I — I — L4 J
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Agilent TapeStation Genomic DNA - DIN

Agarose Gel



Purified gDNA

Fragmentation

opening sealed with plastic cap

DNA solution

exits from siphon

and flows over the

N, as it enters and

impacts on plastic
n

DNA solution

pressure from Ny
entering chamber
forces DNA solution
up the siphon

N, from tank

(FU) * 0 minute
o 1 minute
26 * 2 minutes
' RNA: =
20- o * 4 minutes
5 minutes
- | Magnesium or Zinc
4 s 10-
5_
A ~
25 200 500 1000 2000 4000 (ot

1. DNA

2. short (average 200-800 bp)

3. modified with adapters r

1. Nebulization

2. Sonication
3. Enzymatic

4. Chemical



Percent base balance, physical shearing
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Position (bp}
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FU
3. Enzymatic : =~
e #
]
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50 100 300 500 700 1000 2000

Position (bp)
BP



1. DNA

2. short (average 200-800 bp)

< 3. modified with adapters r

Fragmented DNA

Q| End-Repair
+ A-tailing

Adapter
Ligation

How do we perform
Adapter Ligation?
...let’s understand how
Adapters are made...




lllumina Adapters

5’

P

1. Sample multiplexing

Sample 1 ATATGCGC
Sample 2 TGGTACAG
Sample 3 AACCGTTC

(it’s not the only way)

T EOEErETEErT
CTGATCGT \,'_'JJIIHI'.:

ACTCTCGA ,‘:mmri
TGAGCTAG \;mm

The combination
of Index 1 and
Index 2 is different
for each sample



lllumina Adapters

1. Sample multiplexing
(it’s not the only way)

2. Amplification Regions:
Flowcell binding+ PCR Primer

E Forward Reverse
Forward & Reverse strand strand
strand % strand /(«\: ;a%\ gﬁ&%\ Z‘Q“
f jlaki. g ‘ % g g § ié
Hiasat Al
(I | e | n
it t'E f Eit fEF ¥ t 1
Adapter hybrid- Reverse Remove Fold over and Synthesize \_’/ Thousands of molecules are
izes to flowcell strand forward hybridize to second strand

amplified in parallel

syntesis strand second primer Bridge amplification



lllumina Adapters 1. Sample multiplexing

(it’s not the only way)

2. Amplification Regions:
Flowcell binding+ PCR Primer

P5
.
'”deL"" 3. Y-shaped

5’

Index 1 P
P7

Why?



lllumina Adapters ¢S5 YT

|ﬂder®
P7

e N 3. Y-shaped — X >/<$

Adapter hybrid- Reverse

syntesis strand second primer Bridge amplification

50% 100%



lllumina Adapters

(T4 DNA Ligase)
4. Ligation

1. Sample

multiplexing
(it’s not the only way)

2. Amplification

Regions:
Flowcell binding+ PCR Primer

3. Y-shaped



lllumina Adapters

(T4 DNA Ligase)
4. Ligation

overhang 3’-T 5’-P

5’-P 3’-A overhang




1. DNA

2. short (average 200-800 bp)

Fragmented DNA

3. modified with adapters r

End-Repair
+ A-tailing

Adapter
Ligation

What is needed for
Adapter Ligation?

—OTEEthERT... End Repair and A-tailing!!!




1. DNA

Fragmented 7 Adapter : 2. short (average 200-800 bp)
DNA Ligation 3. modified with adaptersr
EndRepair & A-Tailing
(ATCGCCGATATCG =~ ATCGCCGATATCG ~ .

GCGGCTATAGC TAGCGGCTATAGC TAGCGGCTATAGC TAGCGGCTATAGCQ
3 5’ 3’ 5’ 3’ Q

T4 DNA Polymerase T4 PNK A-tailing

(fill-in and chew back) > 5’-P + 3’-OH (Klenow exo- or Taq polymerase)
> qunting any polymerase lacking 3’->5’ exonuclease activity

ccamce ccamce
5 3 5

_ GCGGCTATAGC _ _ GGCTATAGC GGCTATAGCQ QGGCTATAGCQ

Klenow exo-
or Taq pol

3 ’ 3’




T4 DNA

LIGASE
PN Yo S
Index 2 Qum -A® Index 1
Indey_®A deexz
P7 P5




FINAL LIBRARY

P5 P7
IndeL—/ Index 1

Index1

p7 o 1. DNA P5

2. short (average 200-800 bp)

3. modified with adapters r
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End-Repaired & P A
dA-tailed DNA A ®

. . Index 2 \—/ Index 1
p7 & e

|

PCR - why? s

PCR introduces biases and USELESS duplicated reads
The fewer, the better. Monitor with gPCR



Indexing strategies using ligation

Full Y-adapters Stubby Y-adapters
Sample indices

P5 /\ P7

Ligation \—/ h Raz
; o

’_\ | gy,

P7 P5 Rd2 SP Rd1 SP

Ps b7 Sample indices

e

Library amplification

-2 -
p7 p5 / \

P7 P5

PCR - why?



FINAL LIBRARIES

1. QC > size distribution, presence of  Agilent TapeStation/Bioanalyzer
adapter dimers and primer dimers * Agarose gel
] * Qubit BR
2. Concentration « ddPCR
* gPCR
3. Dilution e (Calculate molarity

4. Submission for Sequencing



FINAL LIBRARIES

Final
' ‘ Libraries

PCR
Primer

Dimers ' ~ W Adapter —
Dimers

B -




FINAL LIBRARIES

Final
Libraries

{ 1 4
4
{
4
1
q {
{
{

- -
-

-

PCR . . . - - t

Primer

Dimers ' ‘ ' ~ W Adapter
Dimers

T

Final Libraries: 200-700 bp

Adapter Dimers: 120-140 bp

GOAL: Less than 1%

Primer Dimers < 100 bp



- WASTE OF READS (= WASTE OF $$555)

- INDEX MISASSIGNMENT/INDEX HOPPING

Normal Multiplexing and Alignment Index Hopping and Misalignment
Demultiplex Align i5 index hopping
> >
— i7 index hopping —

Final Libraries: 200-700 bp

Adapter Dimers: 120-140 bp

GOAL: Less than 1% {

Primer Dimers < 100 bp



Purifications:

Spin column

Bind

—

. (o) =

A‘HIO\H "H, \H S .:—:-:'_

o o0 o

1 [ !

< g S Sl
R \‘q A L
N2t Nat Na' Na
§§9¢§
S S 9 98 U

Wash Elute Purified DNA

Carboxylate-Modified
Polymer Coating

(, Agencourt

AMPure XP

.9

%4
v A,
=

4
ﬁ?

vn

Polystrene Core

Magnetite
(, Binding Separation Ethanol Wash Elution Buffer ~ Transfer
go? e E 4 w § 9
0
et A pAlaL ? poocd :
Magnet £ Magnet Magnet 4 4
e - - - -
2 3 4 5 6

AMPure beads

Mag beads + PEG 8000 + NaCl



AMPure beads > Mag beads + PEG 8000 + NaCl

[FU] Shear 1ug in 100ul
M 1.2x or 1:1.2 = 1 volume of DNA
o solution and 1.2 volumes of AMPure
: beads (50 pl:60 pl)
200+
0.8x
150
1004
504
0.5x
0_
3l5 l 160 1%0 2(')0 360 460 560 660 I 10100 ZOIOO l l 10580 [bp] 0'4x
(, Agencourt
AMPure XP () Binding Separation Ethanol Wash Elution Buffer ~ Transfer
> Beads preferentially bind long DNA
AN ot A focoecd
385 £2s Sy e . i
i 2 3 4 5 « = The higher the buffer:DNA ratio, the shorter the fragments bound



Total: 4.5 hours

STANDARD (OLD) 22z
WO R KF LOW === Fragmentation: 10-30 min

End Repair: 30 min

N

N ' | Purification: 30-45 min
O — AR dA-tailing: 30 min
] e
l— ~,_,, = "—’w Adapter Ligation: 15 min
S— — ‘ J ’Il Size Selection Purification: 30-45 min
] |
oc z
: Library Amplification PCR: 30 min

~ — Purification: 30-45 min



STREAMLINED WORKFLOW ‘

PURIFICATIONS

Workflow Overview l l
DNA Frag Adapter Library
> and Polishing > Ligation >> Cleanup >> Amplification Cleanup
Tunable — 60 mins 15 min 25 min 25 min 25 min

\

Enzymatic
Frag

Total Time 2.5 hr
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GOOGLE
FORMs for
ATTENDANCE
and mini-QUIZ
(DAY 1, 1Y)



SEQUENCING 101



SEQUENCING

Index 2 Read 1 Index 1
P5  P7

i5 Read 2 i7

Single End - SE 50, 100... Insert
Sequencing
Paired End - PE 50, 100... +
Single-indexed m) Sample-

multiplexing

Dual-indexed

=



SEQUENCING #2 Read Length #1

Index 2 Read 1 Index 1
P5 P7

i5 Read 2 i7

Some Examples:
SE50: ChIPseq, RNAseq, smallRNAseq
SE100: BS-seq
PE50 (or longer): ATACseq, Hi-C

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



SEQUENCING #3 Read Length #2
Index 2 Readl Index 1
P5 ‘ P7

i5 | Read 2 i7

WGS = any length (the longer the better: cheaper/base, but be aware of the fragment size) — start at 100PE
ChIPseq = SE50 — 20M uniquely mapped: 25-30M reads [or PE50]

RNAseq = SE50 — regular DiffExp polyA: 20-25M mapped reads
RNAseq = PE100/or longer — splicing/de novo transcriptome: 50/100M reads or more

ATACseq = PE50 or PE100 — 50M+ mapped reads (high content in chrM — improved protocols)
Hi-C = PE50 or PE100 — 300M/1B reads

BSseq/WGBS > SE100/PE100* — 400/800M reads (10-30x coverage)
RRBS - SE100 — 15-20M mapped reads



SEQUENCING #4 How to choose the sequencer?!?

4-Channel Chemistry 2-Channel Chemistry 1-Channel Chemistry

b 4
I \(':’ 2-channels
SBS

image1 | @ mage1 | @ ® image1 | @ ® T
Image 2 O e eeedess BEEE. o « Joraray
Image 3 O Image 2 O O Image 2 @) O
Image 4
Result A G T c Result A G T C Result A G T C 4x fa Ste r

------ Intermediate chemistry step

Figure 2: Four-, Two-, and One-Channel Chemistry —Four-channel chemistry uses a mixture of nucleotides labeled with four different fluorescent dyes. Two-channel
chemistry uses two different fluorescent dyes, and one-channel chemistry uses only one dye. The images are processed by image analysis software to determine
nucleotide identity.

MAX OUTPUT

2400-3000 Gb

MAX OUTPUT

16-20 billion

MAX READ LENGTH

2x150 bp

MiSeq NextSeq HiSeq 4000

iSeq100 HiSeq X Ten

= )

2-channels 2-channels
SBS SBS

MAX OUTPUT

NovaSeq

1.2 Gb MAX OUTPUT MAX QUTPUT MAX OUTPUT

8 Gb 15 Gb 120 Gb

MAX OUTPUT MAX READ NUMBER MAX READ NUMBE R MAX READ NUMBER
aM 25 million 25 million 400 million
MAX READ LENGTH MAX READ LENGTH MAX READ LENGTH

MAX READ LENGTH 2x150 bp 2x300 bp 2x150 bp
2x150 bp




SEQUENCING #5
Sample Multiplexing - simplified

S e ' Strategy to combine multiple libraries
in a single run 2 WHY?1?1?21?1?1

=
B Single End - SE 50, 100..

1
v : Read 1 Read 2
—> Paired End - PE 50, 100... ea + @@=

..> sample. lllumina machines: the higher the
+ e TP throughput, the lower cost/base

sequenced

ual-indexed [

NovaSeq 6000 System

Flow Cell Type S2

Human Genomes per Run ~20

Exomes per Run

Transcriptomes per Run




“+==—=— SEQUENCING #5

E single End - SE 50, 100...
v Read 1 Read 2
2 Paired End - PE 50, 100... ea + ea

Sample Multiplexing - simplified

multiplexing

Small 8” 6.95S 50.2 in2 13.8 ¢

Medium 14” 15.505 153.9 in? 10.0 ¢
Cheaper/in2

Large 18” 18.95$ 254.5 in? 7.5¢

X-Large 23” 23.95$ 415.5 in2 5.8 ¢

Cost Area S/in?

7o

I‘I’ZERI,q 3.4 xtotal 8.3 x bigger

‘)‘m
cost




Single End - SE 50, 100...
Paired End - PE 50, 100... + BEEHE

Single-indexed = Sample-
multiplexing

INSERT

Dual-indexed =» 4

Cost/Human Genome 1’150$ 890 S 845 S 520 S

Flow-cell cost @UCLA 4’600 $ 7’100 S 16’900 S 25’000 $
(not a lane)

Small 8” 6.95% 50.2 in? 13.8 ¢ NovaSeq 6000 System
Medium 14” 15.50$ 153.9 in2 10.0¢ Flow Cell Type
Cheaper/in?
Large 18” 18.95$ 254.5 in? 7.5¢
Human Genomes per Run
X-Large 23” 23.95$ 415.5 in2 58¢
Exomes per Run
Cost Area $/in?

Transcriptomes per Run

‘)1zZER I 3.4 xtotal 8.3 x bigger
e T

cost

Output/flow-cell 250 Gb 500 Gb 1250 Gb 3000 Gb
2x150 (=150PE)




Index 2 Read 1 Index 1
P5

SEQUENCING #5 = = =

-
El Single End - SE 50, 100...
‘2 Paired End - PE 50, 100... +
. ingle-indexed Sample-
Illumina Adapters ’ gl. tored : + multiprexing
1. Sample
o 2 jnultiplexing © Cost/Human Genome 1'150$  890'$ 845 $ 520 $
Index 1 @5,)
2. Amplification
(T4 DNA Ligase) F,owce"':;:g;‘g’j‘; o Flow-cell cost @UCLA 4’600 $ 7’100 $ 16'900$ 25’000 S
4. Ligation (not a lane)
3. Y-shaped

NovaSeq 6000 System

Flow Cell Type

Sample
multiplexing

Exomes per Run

Transcriptomes per Run

Output/flow-cell 250 Gb 500 Gb 1250 Gb 3000 Gb

2x150 (=150PE) -



QUESTIONS
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TruSeqg Nano

Double-stranded DNA

WGS #2

P5

P7

\

®
®
\
® A
A ®

=4

P5 P7
Index 2 I @ Index 1

Index 1 ® Ndex 2
P7 “' P5

"" P7
Index 2 Index 1

Index 1

/ wdex 2
P5

Index 2 Index 1

P5

P7

Fractionate
Size select

End repair
Phosphorylate

A-overhang

VS.

Add Adaptors

Adaptor ligation

Denature and amplify

Product ready for
cluster generation

Nextera Library Preparation

RN R

Transposase

DNA

® Tagmentation :
.l  EERRERREL

i x
Index 2

Index 2

\Index 1
P7

Amplification

Index 1

Product ready for

cluster generation



TruSeqg Nano WGS #2  Nextera Library Preparation

g Q Transposase

Tagmentation =

ite

Fragmentation and i s
Adapter Ligation™ . VS. o “arnnraes :
Simultaneously

ition

Amplification
'd amplify
Index 2 Index 1

P7 Product ready for P5 s 7 Product ready for
cluster generation cluster generation




- Go to Kahoot.it QUIZ DNA

then follow on-
screen instruction

Get your phone, tablet or [.....p out now!




Common Variations on the DNA Sequencing (DNA-seq) Theme

Target Capture Sequencing (e.g. Exome-Seq): mutations

NNA Methylation

*Seq): sequencing your favorite

Whole Genome Bisulfite-Seq (WGBS

Chromatin Immuno

pragi C“
protein-associa“

v\
Assay?& ‘p}sase-Accessible Chromatin (ATACseq): open chromatin




DDDDDD _stranded DNA GENOMIC SAMPLE
ractionate [Se h NImossma )
3000000000000 SureSelect
R Target Enrichment System
—, 000000000000C Capture Process
A-overhang
) . NES Kit
A : Add Adaptors l
INT el W
7 /_ T_\ " adaptor igation M + DTU + W
N A HH W
Denature and amplify m W L J’
““““““““““““ GENOMIC SAMPLE (PREPPED) SureSelect HYB BUFFER BIOTINYLATED RNA LIBRARY
eeeeeeeeeeeeeeeee “BAITS”

_ J

1. DNA lerary Prep = ;@ 2. Hybridization

3000C go00g 90000 /b R— Capture
Target Capture W% + OMOA

Sequencing MM@W&Q

e.g. Exome-Seq °°°?fm

WV WV

Sequencing




NimbleGen’s
SeqCap EZ
Exome Library

Probe size, 55-105

bpa

Probe type DNA

Coverage High-density,

strategy overlapping
probes

Fragmentation  Ultrasonication

method

Target region 64
size (human),
Mb’

Reads 66%
remaining
after f\llering(

Major (i) High
strengths sensitivity and
specificity
(i) Most
uniform
coverage in
difficult regions
Major (i) More
weaknesses duplicate reads
than Agilent
(ii) Lower
alignment rate
than Agilent
Nonhuman Yes
supported

Agilent’s Sure
Select Human
All Exon Kit

114-126

RNA

Adjacent probes

Ultrasonication

50

71.7%

(i) Better
coverage of
indels

(ii) High
alignment rate

(iii) Fewer
duplicate reads
than other
platforms

(i) Fewer high-
quality reads
than NimbleGen

Exome-Seq Kits

lllumina’s
TruSeq
Exome
Enrichment
Kit

95

DNA

Gaps between
probes

Ultrasonication

lllumina’s Nextera
Rapid Capture Exome
Kit

95

DNA

Gaps between probes

Transposomes

62 62
54.8% 40.1%
(i) Good (i) Good coverage of
coverage of UTRs and miRNAs
UTRs and
miRNAs
(i) High off- (i) High off-target
target enrichment
enrichment
(ii) Coverage bias for
high GC content areas
reducing uniformity
No No
Targeted
.
Region

Agilent SureSelect XT2 V6
Exome
Agilent SureSelect XT2 V5
Exome

IDT XxGEN Exome Panel

lllumina Nextera Rapid
Capture Expanded Exome
Roche Nimblegen SeqCap EZ
Exome v3.0

60 Mb

51 Mb

39 Mb

62 Mb

64 Mb

Number of
Probes

~758,086

~655,872

429,826

>340,000

>2,100,000

1-2% OF THE

ENTIRE GENOME

Probe Type

biotinylated
cRNA baits
biotinylated
cRNA baits
biotinylated DNA
baits
biotinylated DNA
bait
biotinylated DNA
bait

Genomic
DNA input Ada_p.t er Probe Length Probe Design
. addition (mer)
required
L Non-overlapping, paired-end
100 ng Ligation 120 reads used to fill gaps
L Non-overlapping, paired-end
100 ng Ligation 120 reads used to fill gaps
500 ng Ligation not described Non-overlapping

Transposas Non-overlapping (adjacent to
95
e each other)

60 - 90

50 ng

lug Ligation Overlapping baits

GENOMIC SAMI PLE
(Sat o chromosomes)

200000000000C

SureSelect
Target Enrichment System

WES:
whole. exome

AVA

Price per capture Designed

(negotiable)
$270
$200
$250
$250

$600

on build

GRCh37
(hgl9)
GRCh37
(hgl9)
GRCh37
(hgl9)
GRCh37
(hg19)
GRCh37
(hg19)

seguencing

Ampify
AA AV A i
vV

Hybridizati
on time
(hours)

16

16

4
24-48

72



NimbleGen’s Agilent’s Sure lllumina’s Illumina’s Nextera
SeqCap EZ Select Human TruSeq Rapid Capture Exome

| Exon Ki X0l
reSele
)0 Y,
Probe type
Coverage High-density, Adjacent probes  Gaps between  Gaps between probes

;;p@RmnGR PCR PCR PCR PCR PCR ﬁ’EﬁPCR

Target region

size (human),
Mb’
Reg 6
rem B
aftefilite
Mayj| ter i) Goo d c age of
strengths sensitvity an coverage of coverage ot U s and MIRNAs
specificity indels UTRs and
miRNAs

(i) Most (i) High

uniform alignment rate
cult regio puer ”’""“y
cate read
other
Major i) More ) Fewer high- (i) High off- i) High off-target
weaknesses dupl\cate reads quallly reads target ennchmem
than Agilent than NimbleGen  enrichment
ii) bias for
mentrat] nt areas
n Agilent ormity
Nol an
supported

PCR'P CR PE‘Rm PCRPERPCRPCR PERPCR

60Mb  ~758,086 100ng  Ligation Non-overlapping, paired-end $270 GRCh37

PER'PCR PCR:PCR PER PCRPER PCRPCR

IDT xGEN Exome Panel baits (hg19)

PERBCR PCRPCRPCR.PCRPER PCRBCR

Exome v3.0 bait hg19)

Ligation not described Non-overlapping




NimbleGen’s Agilent’s Sure lllumina’s Illumina’s Nextera
SeqCap EZ Select Human TruSeq Rapid Capture Exome

MPCR“"“PCR PCR PCR PCR PCR PCR %R:E;LBCR

Probe type

Coverage Hi gh density, Adjacent probes Gaps between = Gaps between probes
rasonicati sonicatiol asofiltion  Tr.
mef]

Target region
sze (human),
afte]
Mayj| i) Goo d c age of
strengths sensitvity an oeageof coverage ot U s and MIRNAs
specificity indels UTRs and
miRNAs
) Most i) High . R . I . _ B . -

niform

P Ccu"regloR C\mmy% R
Major i) More
weaknesses d uplicate reads qual
than Agilent than
men rat
n Agilent
supported

Pﬁ PCR PERPCRPERPCRPCR PERPCR

Agilent SureSeIect XT2 V6 Non-overlapping, paired-end GRCh37

Exome 60 Mb ~758,086 cRNA baits 100 ng Ligation reads used to fill gaps 2270 (hg19)
PCR'PCR PCR:PCRPER PCR-PCR PCR PC R
fill
IDT xGEN Exome Panel bfStinyfted Ligation not described Non-overlapping
baits (hg19)

PCRPCR PCR.PCR:PCR.PCRPCR PCRPCK

Exome v3.0 bait hg19)



HOW DO YOU DETECT PCR DUPLICATES?

ALIGNMENT POSITION
in silico
(Paired-End is better than Single-
End, especially for high coverage)

End 1 l End 2

I:I e——— "'—E

: e ves _.Z&

E cmm—— e ®* **°*° E~
. e

S

chr1:100°000-103’000

Total Number of
Molecules =4

UMl
in silico + experimental

(Random or Pre-Designed)



UMI: Unique Molecular Identifier

Short sequence (8-16 nt barcode) used to uniquely label a molecule of
nucleic acid in order to reduce the bias introduced by PCR.

=>» low-input NGS applications and good practice

In line UMI

P5
UMI-extended
indexes exX 2
In /_

P7




HOW DO YOU DETECT PCR DUPLICATES?

ALIGNMENT POSITION UMl

in silico o in silico + experimental
(Paired-End is better than Single- 60

End, especially for high coverage) (Random or Pre-Designed)

s © © © 00 CEmEIND UMl 1

o8 ° , o cEEEEEEED UMI 2

TS

Total Number of
Molecules = 6

chr1:100°000-103’000



HOW DO YOU DETECT PCR DUPLICATES?

ALIGNMENT POSITION UMl
in silico ed in silico + experimental
: . : o\
(Paired-End is better than Single- es\%

End, especially for high coverage) (Random or Pre-Designed)

s © © © 00 CEmEIND UMl 1

o8 ° , o cEEEEEEED UMI 2

TS

— ¢ ® ® © ¢ & — umi4

Total Number of
Molecules =5

ceeo® o o EEEEmmTD UMI 5
m— ©
e % UMI 6

- 0 ¢ © © ¢

rowme L IR UMI 2 = ATCGATCG € Not a pre-

designed

sequence
chr1:100°000-103°000



GOOGLE FORMs
for ATTENDANCE
and mini-QUIZ
(DAY 1, 2"d)



TIME FOR ONLINE QUESTIONS

Mantua, ltaly

QUESTIONS




