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Questions to ask

Hypothesis

Resources
* What is the project budget
* |s there access to cohort/samples
* Who will collect samples and how will they be transported/stored

Sample requirements
* How many samples should the study include
* How much specimen is available for each sample

* Does my experiment require replicates
e Statistics- How many reads per sample are needed for analysis

* Equipment and sequencing access
* |sthere access to equipment needed to perform experiments
* What sequencing platforms are available
* What sequencing reagents are available



Next Gen Sequencing applications

Nature Reviews Genetics | Review Article

Towards precision medicine

Precision medicine is a strategy for tailoring
clinical decision making to the underlying
genetic causes of disease. This Review describes
how, despite the straightforward overall
principles of precision medicine, adopting it
responsibly into clinical practice will require
many technical and conceptual hurdles to be
overcome. Such challenges include optimized
sequencing strategies, clinically focused
bioinformatics pipelines and reliable metrics for
the disease causality of genetic variants.

show less
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e genome sequencing

Jital epidemiology On

Nature Revie

Towards a genomics-informed, real-
time, global pathogen surveillance
system

Next-generation sequencing has the potential
to support public health surveillance systems to
improve the early detection of emerging
infectious diseases. This Review delineates the
role of genomics in rapid outbreak response and
the challenges that need to be tackled for
genomics-informed pathogen surveillance to
become a global reality. show less
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Nature Reviews | Ger

Genetic variation and the de novo
assembly of human genomes

The wealth of existing and emerging DNA-
sequencing data provides an opportunity for a
comprehensive understanding of human
genetic variation, including the discovery of
disease-causing variants. This Review describes
how the limitations of current reference-
genome assemblies confound the
characterization of genetic variation and how
this can be mitigated by important advances in
algorithms and sequencing technology that
facilitate the de novo assembly of genomes.
show less
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Nature Reviews Genetics | Review Article
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Cancer transcriptome profiling at
the juncture of clinical translation

Although cancer genome sequencing is
becoming routine in cancer research, cancer
transcriptome profiling through methods such
as RNA sequencing (RNA-seq) provides
information not only on mutations but also on
their functional cellular consequences. This
Review discusses how technical and analytical
advances in cancer transcriptomics have
provided various clinically valuable insights into
gene expression signatures, driver gene
prioritization, cancer microenvironments,
immuno-oncology and prognostic biomarkers.
show less
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Virome sequencing applications
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* Current sequencing technologies

* Preparing samples for Next Generation Sequencing
* Techniques for virus like particle enrichment
* Library preparation



Sequencing history

* First Generation  Second Generation (NGS) * Third Generation
* Sanger Sequencing * 454 Sequencing (2005) mmm) « Oxford Nanopore
(1977) * First Next Gen Sequencing * Single molecule
* Foundation for DNA * Massively parallel e Minlon
sequencing pyrosequencing technique
* Short reads mm) « |[lumina (Solexa)Sequencing (2007)
* High labor and cost  Sequencing by synthesis
« Genome Analyzer 2007-2009
* HiSeq 2010
* MiSeq 2011

* NextSeq 2014
* MiniSeq 2016
* NovaSeq 2017



Sequencing costs

Cost per Human Genome

$100,000,000

$10,000,000

Moore’s Law
$1,000,000

$100,000

$10,000

\ National Human Genol
N“H /’ R h Insi?tnute

genome.gov/seq ulencingc-osts ’ ‘

$100
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
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* Sequencing history
* Current sequencing technologies ¢

* Preparing samples for Next Generation Sequencing
* Techniques for virus like particle enrichment
* Library preparation



From Sample to Sequencing

1. Nucleic acid extraction (VLP enrichment)

2. Library preparation
3. Sequencing ¢

* [llumina
* Oxford Nanopore

4. Data analysis



lllumina sequencing technology- cluster generation
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1.A flow cellis coated with oligonucleotides

2.DNA fragments are added to the flow cell and attach to the
oligonucleotides

3.DNA polymerase replicates the DNA fragments

4.The double-stranded DNA fragments are denatured and the
original strands are washed away
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5.The remaining strands fold over and attach to the other
oligonucleotides on the flow cell

6.DNA polymerase replicates the folded strands, forming a
bridge

7.The bridge is denatured, creating two single-stranded
copies of the DNA

8.Repeat the process until enough DNA has been amplified



ILlumina sequencing technology- sequencing by synthesis

» GCTGA...

SBS- method for sequencing DNA that detects bases as they are added to a growing DNA strand

1.A DNA polymerase incorporates nucleotides into a complementary DNA strand.
2.A fluorescently-labeled nucleotide is added to the nucleic acid chain.
3.The fluorescent dye is imaged to identify the base.

4.The dye is enzymatically cleaved to allow the next nucleotide to be incorporated.



ILlumina sequencing technology- base calling

lllumina Sequencing : How it looks

2 channel SBS sequencing
chemistry:

T- labeled with green fluorophores
* C-labeled with red fluorophores

* A-red and green fluorophores

* G- permanently dark

2 BILLION CLUSTERS
PER FLOW CELL

# '. 3 * ‘}:' , ' e B a? E



Illumina sequencing video

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


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

Oxford Nanopore sequencing technology

* Nanopore sequencing

* Detects changes in electrical current as a single strand of DNA passes
through a tiny protein pore “nanopore”

* Each different nucleotide causes a unique current fluctuation

* Advantage- longer reads / Disadvantage- lower accuracy, no
redundancy, large amount of high-quality DNA are needed for input
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Oxford Nanopore sequencing video

https://www.youtube.com/watch?v=RcP85JHLmnl



https://www.youtube.com/watch?v=RcP85JHLmnI

Outline

* Sequencing history
* Current sequencing technologies

* Preparing samples for Next Generation Sequencing ¢
* Techniques for virus like particle enrichment
* Library preparation



From Sample to Sequencing

1.
2.
3.
4.

Nucleic acid extraction (VLP enrichment) ¢
Library preparation

Sequencing

Data analysis



100%

Abundance

Why VLP enrichment

Isolate
Shotgun + VLP 16S
Virus
Bacteria Virus
Fungi
Diet Bacteria
Protist
Eukaryotic
Host
Bacteria
Fungi
Diet
Protist
Eukaryotic
Host

Abundance- what is your question and how will you maximize the number of sequences you are specifically interested in




VLP enrichment

Stool Sample

S
ey

Amplicon Sequencing

-DNA
-targeted amplicons

Enriched Metagenome- Virome
Virus Like Particle (VLP) 1
-DNA, RNA y
-remove bacteria

Shotgun Sequencing



Preparing samples for virome sequencing

1. Virus Like Particle (VLP) Enrichment and Total Nucleic Acid
Extraction



Set up biosafety cabinet

Chip/Dilute

Vortex

Centrifuge
Filter « Samples are handled at BSL2+ - gown and double
glove
DNase/Lysozyme « Decon with 10% bleach solution, 70% ethanol, and
TNA Extraction UV for 30 minutes

* Waste collected in biohazard bags and autoclaved



Chip/Dilute to obtain desired input

Set Up BSC

Vortex

Centrifuge

Filter

DNase/Lysozyme
* Chip ~200mg of stool
* Add SM Buffer (NaCl, Tris, MgS0O4)

TNA Extraction




Homogenize to break up stool material

Set Up BSC

Chip/Dilute

Centrifuge

Filter

DNase/Lysozyme

TNA Extraction 5 minutes



Centrifuge to pellet stool particles

Set Up BSC

Chip/Dilute

Filter

DNase/Lysozyme

TNA Extraction

\ 4

v

V

7,000G for 10 minutes



Filter to remove bacteria

Set Up BSC

Chip/Dilute

Centrifuge

DNase/Lysozyme

TNA Extraction 45U filter



Non encapsulated DNA removal

Set Up BSC

Chip/Dilute

Vortex

Centrifuge

Filter

TNA Extraction

Per 800ul | 12 +1 =13
sample samples
Turbo DNase
buffer 108 ul 1,404
JurboDNasel
2U/l) 20 ul 260
Baseline zero
(1U/l) 4 ul 52
Lysozyme
(10mg/ml) 80 ul 1,040
H20 68 ul 884
280ul




Total Nucleic Acid extraction

Set Up BSC

Chip/Dilute

Vortex

Centrifuge

MagNA Pure
Filter 24 System

DNase/Lysozyme

 Extract both DNA and RNA
* Automated systems
* Manual kits- Qiagen DNeasy




Preparing samples for virome sequencing

2. Reverse Transcription, Second Strand Synthesis and PCR
Amplification



Convert RNA and ssDNA to dsDNA

Total Nucleic Acid

l N

w‘ yNA ssDNA dsDNA

Reverse Transcription

Second Strand Synthesis

PCR Ampilification

dsDNA- Library Construction Input



Post PCR amplification DNA visualization

Invitrogen Low
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* 1% Agarose gel- 10ul of amplified DNA

* Expected smear 200bp-1kb
* Lanes 81-88 samples, lane 90 + control, lanes 89, 91 and 92 - controls

* Failure rate averages 8-10%



From Sample to Sequencing

* Nucleic acid extraction (VLP enrichment)
* Library preparation <=

* Sequencing

* Data analysis



Preparing samples for virome sequencing

3. Library Construction
* Mechanical shearing (TruSeq)
* Transposomes to cleave (Nextera)



Basic steps of library preparation

1. Fragmentation
2. End Repair

3. Addition of adapters
* Index sequence (barcodes for pooling multiple samples)
* Sequencing primer binding site
* Amplification primers
* Flow cell binding sequence- allows the sequence to bind to the flow cell

4. PCR amplification



Many options for library preparation kits
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Preparing samples for virome sequencing

3. Library Construction
* Mechanicalshearing (TruSeq/NEB Next DNA Library prep) <4
* Transposomes to cleave (Nextera)



New England Biolabs NEBNext DNA Library Kit

Clean Up/Size Sel
End Repair
Adapter Ligation
Clean Up/Size Sel
PCR Amplification
PCR Clean Up

Quality Control
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PCR workstation

PCR workstation qualities:
 Sterile work area

* Vertical Laminar air flow
* Hepa filtration system

e Builtin UV




Post PCR amplification visualization

e ——

Invitrogen Low
81 82 83 84 85 8 87 88 89 %0 Gg1 92. Mass Ladder

End Repair bp
Adapter Ligation _
Clean Up/Size Sel | l
ueatap
PCR Amplification | ' ‘
' ¢
PCR Clean Up

Quality Control

1% Agarose gel- 10ul of amplified DNA

Expected smear 200bp-1kb

Lanes 81-88 samples, lane 90 + control, lanes 89, 91 and 92 - controls
Sequence Failure rate averages 8-10%

Pool




Size selection- Beckman Coulter AmPure bead

End Repair
Adapter Ligation
Clean Up/Size Sel

PCR Amplification

PCR Clean Up

Quality Control

Sequence

il (W No SPRI

- - - - - — e .

« SPRI Bead (Solid Phase Reversible Immobilization)

« Uses Paramagentic beads to selectively bind nucleic
acid by size

* PEG (polyethylene glycol) causes the negatively charged
DNA to bind to the carboxyl molecules on bead surface

« Lower the ratio of SPRI:DNA= larger final fragments at
elution



Beckman Coulter SPRI bead video

https://youtu.be/zGV0SjCe0CU


https://youtu.be/zGV0SjCe0CU

Sample quantification

End Repair

Adapter Ligation

|
PCR Amplification l

Clean Up/Size Sel
-
. * Libraryinput DNA 20-100ng
e Cangoaslowas 1ng

" Pool | * Knowing input is critical for downstream steps-

adapter concentration and PCR amplification
equence
. cycle number




End Repair

Clean Up/Size Sel

End Repair, 5 Phosphorylation and dA-Tailing

Adapter Ligation D e, 3
Clean Up/Size Sel g’ A3 _5'_;,\_3'
3' ﬂ 5' 3 _ 5
PCR Amplification
PCR Clean Up
Quality Control e Strands are blunted and phosphorylated

 Adding an Ato 3’ ends

Sequence




Adapter Ligation

Clean Up/Size Sel
End Repair

Clean Up/Size Sel

PCR Amplification
PCR Clean Up

Quality Control
\ 4

) 2

Adaptor Ligation with optional NEBNext Adaptor
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* Adapters with single T overhang ligated on the end
repair dA fragment

* Amount of adapter is critical

* User enzyme used to cleave hairpin loop



Clean up- post adapter ligation

Clean Up/Size Sel

* Size Selection 400-600bp
* Remove unused ligation reaction components,
adapter dimers, and concatemers



Library Amplification by PCR

Clean Up/Size Sel | PCR Enrichment 0P s
5 \ 3"
End Repair . —
5 #6C

* Select for libraries with
adapters on each end
* Increase the amount of library .=

Adapter Ligation

Clean Up/Size Sel

* |[ndexes can be added for ¢ — .
PCR Clean Up multiplexing- 24 unique -
Indexes —

Quality Control

Sequence

oW oW oW oW

w o (AR w




PCR clean up

* Remove free barcodes, nucleotides
* Remove adapter dimers



Quality control

Clean Up/SIZe Sel RE-52

[FU] )
250

End Repair 20- N _
150 | R
|

Adapter Ligation 100+ Q

Clean Up/Size Sel 1o .

T T T T T T T T 1 T UL LI
35 100 150 300 400 500 700 2000 10380 [bp]

PCR Amplification

Overall Results for sample 9 : _RE-52

Number of peaks found: 1 Corr. Area 1: 2,893.5
Noise: 0.3

PC R C lea n U p Peak table for sample 9 : RE-52
Peak Size [bp] Conc. [pg/ul] Molarity [pmol/I] Observations
1 4 35 125.00 5411.3 Lower Marker
2 585 2,754.89 7,140.6
3 p 10,380 75.00 10.9 Upper Marker

* Agilent Bioanalzyer 2100
* Microfluidics platform for sizing and quantification
* Tapestation

Sequence



Pool final libraries
Clean Up/Size Sel . “ - - = =
End Repair Q @ Q D Q Q
Adapter Ligation - - = g = -
Clean Up/Size Sel Q U Q Q Q @

PCR Amplification

PCR Clean Up
Quality Control ‘@
* Individual Barcode for multiplexing

* Pool equal molar concentration
e Sequencing Core requires 20ul at 2-10nM

Sequence




Sequence

Clean Up/Size Sel
End Repair
Adapter Ligation
Clean Up/Size Sel
PCR Amplification

PCR Clean Up

Quality Control

* MiSeq
* Paired end 2X250
 Target 1 million reads/sample



lllumina Sequencing Platforms

Key specifications

Max output per flow cell
Run time (range)e
Max reads per run (single reads)

Max read length

Cost per gigabase

iSeq 100 System

1260 P
~9.5-19 hr
am 2P

2 x 150 bp

$262

MiniSeq System

75Gb ¢

~5-24 hr

25M ©

2 x 150 bp

MiSeq System
15Gb
~5.5-56 hr
25M @

2 x 300 bp

$54

MiSeq i100 Series®

306b?

~4-15.5 hr

100M 2

2 x 300 bp

NextSeq 550
System

120 Gb ©
~11-29 hr
400M ©

2 x 150 bp

$40-$63

NextSeq 1000 and
2000 Systems

540Gb ©

~8-44 hr

188°©

2 x 300 bp

Key specifications

Max output per flow cell

Run time (range)d

Max reads per run (single reads)

Max read length

NextSeq 1000 and 2000 Systems

540 Gb?

~8-44 hr

1.882

2 x 300 bp

NovaSeq 6000 System
3Tb
~13-44 hr

10B (single flow ceH)b

208 (dual flow cells)®

2 x 250 bp

$10-$35

NovaSeq X Series

8Tb
~17-48 hr

268 (single flow ce

52B (dual flow cells

2 x 150 bp

$2

11)C

)c,f



Preparing samples for virome sequencing

3. Library Construction
* mechanicalfragmentation (TruSeq/NEB Next DNA Library prep)
* transposon fragmentation (Nextera/lllumina DNA Library prep) <



[lluMmina DNA Library Prep

Clean Up
Tagmentation
Post-Tag Clean Up
PCR Amplification
PCR Clean Up

Quality Control

BT
S regmenton
e
it
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Sequence



PCR workstation

PCR workstation qualities:
 Sterile work area

* Vertical Laminar air flow
* Hepa filtration system

e Builtin UV




Post PCR amplification visualization

Invitrogen Low
81 B2 B3 84 8 g5 87 gg B89 90 W@1 92 Mass Ladder

Tagmentation e

Post-Tag Clean Up

PCR Amplification M . . . " ' ' .
. :

PCR Clean Up

Quality Control

1% Agarose gel- 10ul of amplified DNA

Expected smear 200bp-1kb

Lanes 81-88 samples, lane 90 + control, lanes 89, 91 and 92 - controls
Sequence Failure rate averages 8-10%




Tagmentation: fragmentation and adapter ligation

K Wy, \
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Bead-Linked Transposome (BLT) gDNA
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POSt Tag C l.ea n U p # Tagmentation

PCR Amplification
PC R C lea n U p \ DNA-B.I;T(c.o;pIex

Quality Control B.

J, PCR amplification

Index 2 Read 1 sequencing primer (Rd1 SP)

Read 2 sequencing primer (Rd2 SP) \Index 1
P7

i

Sequence




Post tagmentation clean up

Clean Up

Tagmentation

PCR Amplification
* Washes the adapter-tagged DNA on
the BLT before PCR amplification

PCR Clean Up

Quality Control

i

Sequence



PCR amplification

Tagmentation

Post Tag Clean Up

PCR Clean Up

Quality Control

Sequence

f f-
L
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R
2%
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Bead-Linked Transposome (BLT) gDNA

* Tagmentation

s/

Tagmentation

BLT

DNA-BLT complex

(.

C.

\_

Index 2

¢ PCR amplification

Read 1 sequencing primer (Rd1 SP)
o ~ ]
— —
Read 2 sequencing primer (Rd2 SP) Index 1
\ P7
Index2 Rd1 SP Rd2 SP Index1 p7

Sequencing-ready fragment

\
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PCR amplification clean up

* Remove free barcodes, nucleotides
* Remove adapter dimers



Quality control

Clean Up

Tagmentation

Post Tag Clean Up

PCR Amplification

PCR Clean Up

——
]

v

RE-52
N
[FU] é\‘?\"
250 .
|
200 v
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S
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. l
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35 100 150 300 400 500 700 2000 10380 [bp]
Overall Results for sample 9 : _RE-52
Number of peaks found: 1 Corr. Area 1: 2,893.5
Noise: 0.3
Peak table for sample 9 : RE-52
Peak Size [bp] Conc. [pg/ul] Molarity [pmol/I] Observations
1 4 35 125.00 5411.3 Lower Marker
2 585 2,754.89 7,140.6
3 p 10,380 75.00 10.9 Upper Marker

* Agilent Bioanalzyer 2100

* Microfluidics platform for sizing and quantification

* Tapestation




Pool final libraries

T

Tagmentation

e
|

PCR Amplification

PCR Clean Up

Quality Control @

* Individual Barcode for multiplexing
* Pool equal molar concentration
e Sequencing Core requires 20ul at 2-10nM

Sequence



Sequence

Clean Up

Tagmentation

Post Tag Clean Up

PCR Amplification

PCR Clean Up

Quality Control

. NovaSeq X
* Pairedend 2X150
 Target 2 million reads/sample

i




What can go wrong

* Sequencing
 Small fragments preferentially bind to flow cells
* Uneven base composition
* Flowcellis overloaded
* Readthrough to adapters
* Readthrough beyond adapters
* Regions with high GC content are underrepresented
due to limitations of sequencing chemistry
 Base calling errors at the end of reads
* Homopolymers
* Regions containing long stretches of the same
base

* Library preparation

Poor DNA quality for
input

Libraries are not the
correct length

Library artifacts




Uneven base composition

Run Name : 240607_NB501801_0701_AHCV5KAFX7
Data by cycle

base Al lanes Both su

Run Name : 240607 _NB501801_0701_AHCVSKAFX7

A 3578 ©2036 G 20.46 T23.40 Both surfaces




Library fragments are too short

Run Name : 240329_MNO01173_0365_A000H722JK
aaaaaaaaaaa

% base Both surfaces All bases

it
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Cluster Issues




Reagent issues

Why do quality scores drop towards
the end of a read?




Run failure

E MNO00200 Sequencing J _i{D ’ x

Error!

A

An error occurred at 12/17/2024 4:36:56 PM that stopped the current sequencing
run. Do you want to save the flow cell? If saved, the post-run wash is not
performed. Instead, perform a manual wash before the next sequencing run.
Restart the saved flow cell before 12/24/2024 2:50:00 PM.

g —
\[6} Yes

)




Laboratory layout

Clean Room _

Original Sample Prep- BSC -80 Freezer

RT and SSS- BSC '

Main Lab
Post PCR amplification
Library Construction and QC
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