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This is bioinformatics

Smithsonian

MAGAZINE

Spot the @ differences

https://www.smithsonianmag.com/g
ames/spot-difference-180968040/
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Expression profiling with sequencing vs microarrays
What are the advantages and disadvantages?
What applications are best for each platform?

prepare CODNAPRIrope prepareMicroarray https://www.biocompare.com/Editor

l

ial-Articles/518117-Microarrays-Still
-Have-Their-Uses-and-Fans/
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Global Next-Generation Sequencing (NGS) Market Size, 2015-2026 (USD Million)

31,411.30

1 I I I I I I I I

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026

www.fortunebusinessinsights.com
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B a r ri e rS Percentage of Physicians Reporting Each Barrier to Optimizing Clinical
Impact and Utility of NGS in Routine Clinical Practice by Physician
Specialty, %.

Oncology/Hematology Pathology Surgery

Over 99% of physicians, 20.5% of whom
worked in an academic setting, reported
using NGS in the past 12 months, and 73.0%
used NGS always or most of the time.

Despite this high utilization, 80.1% of (N=100) (N=51) (N=50)
physicians experienced at least one barrier _
to testing. Reimbursement 875 85 0 90.2 90.0
Challenges ’ ’ ) ’
Knowledge/Awareness  81.0 75.0 82.4 92.0
Survey study of barriers to evidence-based
decision-making in oncology care using next- Evidence of clinical
generation sequencing. utility 801 £2:0 18¢ R0
'.) eck for updates
e, Availability of
E:‘z:st:;hA Szamreta, Allysen Kaminski, Ruchit Shah, Ning Ning, Jyoti Aggarwal, Arif Supp Ortive 796 730 82 4 900
Resources
Logistical Barriers Y17 45 73.0 72.6 90.0
New Mexico © 2021 by American Society of Clinical Oncology
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What barriers to utilizing next generation
sequencing and analysis have you
experienced or seen others experience?

Photo by Art Wave on Unsplash
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https://unsplash.com/@artwave?utm_source=unsplash&utm_medium=referral&utm_content=creditCopyText
https://unsplash.com/s/photos/barrier?utm_source=unsplash&utm_medium=referral&utm_content=creditCopyText

NGS <
applications

.wk \

-,//

Genetic and genomic medicine
Microbiology and the environment
(microbiomes and microbiota)
Pharmacogenetics (genetic variation
and drug responses)

Forensics

Agriculture (improvement, protection)
Physical performance JeN
Evolution fé\
Extinction Q\ ﬁ
Ecology

Geneology and phylogeny

S 20 230 230 230 20 75K 2 N
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Sequencing
related to
expression

RNA is usually converted first
to cDNA then sequenced

New Mexico

% INBR

IDeA Networks of Biomedical Research Excellence

MRNA

Full-length mRNA
Isoforms

Nascent transcription
MiRNA or small RNAs
Single cell

Spatial transcriptomics

Methylation and other DNA modifications

Histones and histone modifications
Open chromatin

Transcription Factor Binding Sites
Stranded RNA
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Next Generation (NGS) Sequencing Technologies

Short Read
Sanger

lllumina
Long Read

PacBio

Oxford Nanopore Technologies

New Mexico
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Most sequencing technologies are based on DNA
replication

New Template
strand strand

Pyrophosphate

N

Nucleoside 2@
triphosphate
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DNA chemistry

9 Purines

E \P /,E”O,’/ E O

OZ5 I OmP—T" ~p Base

E O i 1. S\ /4~ L

| O { O "0 glycosidic bond

E : © Adenine Guanine
Pyrimidines

- nucleoside-—-

L.nucleoside monophosphate----:

b nucleoside diphosphate---------- =

E' """""""""""""""""" nucleoside triphosphate """"" 4 Cytosine Uracil Thymine

http://en.wikipedia.org/wiki/File:Nucleotides 1.svg
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http://en.wikipedia.org/wiki/File:Nucleotides_1.svg

Sanger sequencing uses dideoxy nucleotides

M‘l g0 WT. G.C)
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ddNTPs prevent polymerization

New Template

Pyrophosphate
Nucleoside 2®i
triphosphate
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The basis of Sanger sequencing

Different type of
ddNTP’s in each
reaction (small
amounts)

New Mexico
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TGTT

DNA

Pol.
dATP
dTTP
dCTP
dGTP

ddATP

TETT
DNA

Pol.
dATP
dTTP
dCTP
dGTP

ddTTP

TETT
DNA

Pol.
dATP
dTTP
dCTP
dGTP

ddCTP

S~ e —

——

DNA template
(many copies)

Primer
DNA Polymerase

Free .
deoxynucleotides

Dideoxynucleotides
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Primer for

Sa n ge r replication
sequencing

Strand to be sequenced

AN

Pn'med DNA

include in each a different <.
replication-stopping nucleotide " :

G A T 2&!
ﬁ -7 -3

as

Prepare four reaction mixtures, 1

44 T Separate
_ . Replication products by
Primer productsof « »  gel electrophoresis

- g !' : “C" reaction -

Read seqence as
New Mexico complement of bands
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Sanger output
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Cathode plate

New Mexico
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"TGAGT ATC GGA
CAGIA TOGGA

- AGTA TCGGA
GIA ICGGA

Caplilary

- Dunng Process :

Laser
activates

_ dyes
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Human Genome Sequence

- 5
— -
L0 =L

* 13 years (1990-2003)
eS2.78B
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lllumina Sequencing Machines

iISeq 100 MiniSeq MiSeq Series © NextSeq 550 Series©@  NextSeq 1000 & 2000
"
| s
o L

NextSeq 550 Series © NextSeq 1000 & 2000 NovaSeq 6000
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Reversible terminator

A Sanger cleavable fluorescent dideoxynucleotide

O 0 © base —linker dye

Irreversible terminating group

B 3-0O-blocked reversible terminator

© o o base cleavable linker dye
-0-P~0~-P-0-P~0—
o
O O O Y ?
OR H
!

Reversible terminating group
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Sample QC
)
I N
RNA DNA
| ) %
| |
h h Bioanalyzer )
Qubit Bioanalyzer Qubit Nanodrop or
Field Inversion
Gel
J %
Determines Integrity of Determines Presence of Size
amount of sample (RIN) amount of contaminants estimation
sample sample (260/280
ratio)

New Mexico
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Nanodrop Bioanalyzer

Fluorometer: Uses ] g - o
intercalating dye and is e o y
more accurate than UV B S
absorbance based EJK e R —
measurements such as J E J/MM St
with nanodrop T e S AR
s e i TSN : p
- A
260/230 and 260/280 ratios. | i

60

40

500 700 1000 1500 3000 5000

New Mexico PN

INBRE g N € 6 R

IDeA Networks of Biomedical Research Excellence National Center for Genome Resources




Agilent Bioanalyzer examples

/'
904
80,
& 70, RIN 10
© 804
8 50.
S 40
& 30.
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Time {seconds} Time (seconds)
o 08 354
e 07 RIN 3 8 3.0 RIN 2
306 S 2.5
& 05 2 201
s04 8
=03 S 1.5
g.2< T 1.0-
1 051
0.0~ 0.0-
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e Time {saconds) Time (seconds) Ny

http://www.agilent.com/cs/library/applications/5989-1165EN.pdf
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http://www.agilent.com/cs/library/applications/5989-1165EN.pdf

Illumina librarv architecture

Shear Genomic DNA or begin with cDNA

1 End Repair (Blunt ends)

1 Add 3’ A Tail
—A

" 1 Ligate Adapters
/_—“
|

Enrich/Linearize with PCR

New Mexico
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national Center for Genome Resources




Adapter features

New Mexico

IDeA Networks of Biomedical Research Excellence

isolate DNA (or RNA)

fragment (<1000 bp)

| L J L J

flank DNA with adapter sequence

| w— R s R s R ss— R ss— B sss— R Ss— |

Index 1 sequencing primer annealing site

Index 1 = 6-base barcode unique to this sample

Read 2 sequencing primer annealing site

PCR primer annealing site

P7 (complementary to oligo on flow cell surface)

Index 2 sequencing primer annealing site

Index 2 = 6-base barcode unique to this sample

Read 1 sequencing primer

PCR

annealing site

primer annealing site

PS (complementary to oligo on flow cell surface)

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

Ay vV C G R
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http://www.youtube.com/watch?v=fCd6B5HRaZ8

Commonly used terms

B Adapter

l I Insert
Read 1 Adapter Read 1 Read 2 Adapter

‘5 B e
I |
3 < '5

+“—>

2 Read 2
Inner distance
< >

Insert size

< >

Fragment length
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Pacific Biosciences
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Single Molecule Real Time (SMRT)

Polymerase DNA Tormplate Nucleotde Analogs )
- -
» L
- ¢ . =
-~ - <
b 3 55 -
- -
-
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> — SEE—
\ | ' s i —
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.
- = J
\- — =] \' d \
SMRT Cell
(Multiplexed ZMWs)
SMRT Cell
—— il i - P

-t
-
-
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Zero Mode Waveguide

Aluminum

\k\ -

' Emission

Excitation |
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Fluorescence

9 Purines

E \P /%/O,’/ E

0~=5 §@o.”.’P/§'O\P/ Base

5 o i | S\ /AN -

: O { O 'o glycosidic bond

: © Adenine Guanine
| Pyrimidines

! N S nucleoside------! NH; s

. : , : hn M e

i ‘-nucleoside monophosphate---- 3 /J% 3 /l\

! — nucleoside diphosphate---------- ‘ NS0 N0
e, nucleoside triphosphate--------- J Cytosine Uracil Thymine
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PacBio Terminology

Read Terminology

""' - v".
AWt >

.' -.
Lot asirrntesntirrtitsinntisistniisststestiesrierrenivenee 105,
.

.
‘a. . 4
%

o

Subreads: |

‘\‘f

Polymerase Read: ===

)

—
-

‘G_|

Circular Consensus Sequence (CCS) Read:
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PacBio Terminology

Standard Sequencing for Continuous Long Reads (CLR)

‘ S i T , — ................................................

. Generates one pass on each
Large Insert Sizes olackile saianEad

Circular Consensus Sequencing (CCS)

L22RTTTRRENSRRBENEY

‘ e s ) .................... Continued generation
N of reads per insert size
122 RERRERRRRRRRYSEY

Small Insert Sizes hem—CCEOAM

Generates multiple passes on each
molecule sequenced

New Mexico A
%JINBRE Ay N € G R

IDeA Networks of Biomedical Research Excellence National Center for Genome Resources




PacBio Terminology

How are HiFi Reads Generated?

Start with high-quality Circularized DNA
double stranded DNA is sequenced in
repeated passes

R ro—
Ligate SMRTbell ' \ o o it ’ o
adapters and size select oY T —— N The polymerase reads e
are trimmed of adapters . ias
to yield subreads Patumes — —— .
. . -

Anneal primers and ' \ ’ Consensus is called
bind DNA polymerase 4 : from subreads

>99.9% accuracy

INBRE Ay v C G R
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PacBio development

RS I Sequel
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Magnetic bead loading

I — Polymerase

!l,/ )
SR &
> e

= p L)
o | IIIIIl.IIIIIIIIIIIIIII f

&

W T R TR

C/‘&}:/l

Pri -
+«—— poly-A tail e

http://www.youtube.com/watch?v=1b7UeGu9xa8

New Mexico
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Paramagnetic
Bead

oligodT — — =

-
—

~—

Ma gBE ad

Ay VC G R

National Center for Genome Resources


http://www.youtube.com/watch?v=1b7UeGu9xa8

Base modification detection

New Mexico

“/INBRE

IIIIIIII rks of Biomedical Research Excellence

\|\ )\\\ 5mC

Chemical Modifications:

S5mC

*5hmC
AmC
«5fC
*6mA

DNA Damage:
*80x0G
«06bmMG

*5hC

*80X0A
O4dmT

N C G R
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Inter pulse distance

' —"-*—'-'-d‘*“l(*wfr'Lﬁ‘J—-‘f?*-"'-——rrJ‘r——

ccoh s CAACETTEACGET TATTTT ACCGATCAACCCGLAGGGAAATEAGACTGTAT GACTGETATTAATEGCATCETTATT GTGGAT GAT GAA GAT
fempte) T GTTGGARGT GEGAATARAAT GGETAGTT GGGE GTERET TTAGTET GAGATAGT GACGATAAT TAGEGTAG GAAT ANCACET AGTAST TETA

— | [ W . I_..._- S N S—" - __.m
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Library construction

Fragment DNA and
Determine Concentration

.............
............

DNA Damage Repair

.........
...........

$ 4

-------

.......

Repair Ends |NEESEG_—_— PN cammm T R
_________ Pl Ul
ot . \‘s
L3 &
sw g v S
Q" "I. " ‘\ '!'.

Ligate Adapters 1 N, -

Purify Templates

Primer Annealing 1 ¥

Bind Polymerase e = R *
and Sequence ;&, .-

New Mexico AN
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QC DNA by Pulsed Field Gel Electrophoresis
More recent example et vl i S S
Exo VIl Treatment
DNA Damage Repair
End-Repair
Adapter Ligation
Exo Il and Exo VIl Treatment
Size Selection
Post Size Selection DNA Damage Repair
Primer Annealing

Polymerase Binding

New Mexico

I N B RE SMRT Sequencing ~ N C G R

IDeA Networks of Biomedical Research Excellence National Center for Genome Resources
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Verify quality of DNA

Good Guality DNA

* Qubit

e Accurate quantification

* Field Inversion Gel
 Verify DNA integrity

New Mexico

IDeA Networks of Biomedical Research Excellence

National Center for Genome Resources



D N A S h ea ri n g %h(laared Samples .

o |
v
oA
| o |
i
i
| ¥ |
i

e Covaris g-tube

g

* Centrifugation
* Synthetic ruby pore
*4-20 kb

vr -
. ¥ )
.

/ v,
£
/ g
1
> \

LOAD COLLECT

DNA sample into the g-TUBE g-TUBE to shear —Invert & spin again to Sheared DNA in the g-TUBE Cap —
collect ready for pipetting

New Mexico A
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DNA Shearing

* Diagenode megaruptor
* Hydropore

e Controlled flow rate
e 20-75 kb

New Mexico
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Size Selection

|

i
— | —

|

w »
LRI AR TN TR TR TR LT
0.75% Agarose Dye Free 050412-122

i

N

* Sage Sciences Blue Pippin

e Automated sample collection
* Replaced gel purification

New Mexico PN
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Before and after size selection

LA
Led
| v |
e |
-
I i
=
L X
L4 '
T

l»
»

W Size selected at 6kb
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Oxford Nanopore Technologies
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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 .

© A flow of ions through
the pore creates a current.

: Each base blocks the

(1] 9"9 protein flow to a different degree,
Bn'\llfite?e altering the current.

ix into
two strands. . — .

[GATATTGCTTTTGAIGCCG

O Asecond
protein creates
a pore in the
membrane https://voutu.be/GUb1TZ
and holds
an 'adapter' m
molecule. O The adapter molecule

keeps bases in place long
enough for them to be https://www.youtube.co

Kentfied siectonicaly m/watch?v=CGWZvHIi3i0

New Mexico
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https://youtu.be/GUb1TZvMWsw
https://youtu.be/GUb1TZvMWsw
https://www.youtube.com/watch?v=CGWZvHIi3i0
https://www.youtube.com/watch?v=CGWZvHIi3i0

MinlON SEQUENCER - USB DEVICE AND FLOWCELL

Minlon

Sample added 1o fipwgell here

Consumable flawsell
contains sensing
chemistry, panqapare, and
electronics

Sensor chip witr
multiple panQRQIes

Sensor chip works with
custom ASIC for control
and dala processing

USB powers device
P MintON docks with figweell data

streamed to USB

O NANOPORE

“The MinlON FlowCell contains the proprietary sensor array which includes the Nanopores that are needed to
perform a complete single-molecule sensing experiment. It also has the Application-Specific Integrated Circuit
(ASIC) used to capture the Nanopore signal used for base calling in the sequencing application.”

INBRE Ay v C G R
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MinlON MK1C
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ONT features

* Introduced 2012

* Sequencing is real time. Can analyze as the sequence is read
* No amplification

* Scalability

*Use in the field

* Essentially eliminates capital cost

New Mexico -
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Scalability

Flongle GndION:: PromethION

New Mexico A\
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Solid State Nanopores

N. Yang, X. Jiang / Carbon 115 (2017) 293311

https://mappingignorance.org/2017/01/23/graphene-nanopore-dna-sequencing/
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Short read vs long read sequencing

What are the advantages and disadvantages?
What applications are best for each technology?

g
[ se——— ] -
NovaSeq 6000

New Mexico . C G =
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Gigabses per run (log scale)
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0.0000]1
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r@l] http://dx.doi.org/10.6084/m39.figshare.100940
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Matching the library and sequencing technology

to the project RN
Full-length mRNA
_ Isoforms
1. EXpFeSSIOn-I’e|ated Nascent transcription
) mMiRNA or small RNAs
2. What are the samples” Single cell
3. How many samples? Spatial transcriptomics
. Methylation and other DNA
4. How many replicates? modifications
. . Histones and histone modifications
5. What library prep strategies? Open chromatin
6. What sequencing technology’? Transcription Factor Binding Sites
' _ ' Stranded RNA
/. How much sequencing?
8. What analysis tools?
9. Conclusions?

New Mexico A\
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The bioinformatics workshop is
supported by New Mexico INBRE
through an Institutional Development
Award (IDeA) from National Institute of

General Medical Sciences of the NI
grant number P20GM103451
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