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Breve resena historica de la Secuenciacion
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e 1965 - Primer molécula de ARNt secuenciada (140 kg de levadura <- 1 gramo de ARNt puro).

e Se necesitaron de 5 personas trabajando durante 3 anos para determinar
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los 76 nucledtidos.

e Cortan el ADN de manera secuencia especifica de 4-6 pb.

1972 - Walter Fiers secuencio el primer gen de ARN el operon lac de E.coli.

1977 - Maxam AM, Gilbert W. A new method for sequencing DNA. Proc Natl Acad Sci

1977 - Sanger F, Nicklen S, Coulson AR. DNA sequencing with chain-terminating inhibitors. Proc Natl Acad Sci



¢ Quiénes fueron los pioneros en esta materia?

* Frederick Sanger 1918 — 2013

 Walter Gilbert 1932

e Ganaron el premio Nobel en 1980




¢ Como secuenciamos el ADN?
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Secuenciacion del ADN

Base
HOCH, ©
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A dideoxynucleoside

 Método Enzimatico de secuenciacion (sintesis) - “Terminacion de Cadena”

* Fred Sanger (1977)

» Utiliza trazas de dideoxynucledtidos para realizar la secuenciacion, estos producen la

interrupcion enzimatica de la prolongacion de la cadena de ADN.



Meétodo de Secuenciacidon de Fred Sanger

Proc. Natl. Acad. Sci. USA
Vol. 74, No. 12, pp. 5463-5467, December 1977
Biochemistry

DNA sequencing with chain-terminating inhibitors

(DNA polymerase/nucleotide sequences/bacteriophage $X174)

F. SANGER, S. NICKLEN, AND A. R. COULSON

Medical Research Council Laboratory of Molecular Biology, Cambridge CB2 2QH, England

Contributed by F. Sanger, October 3, 1977

ABSTRACT A new method for delermlnmg nucleotide se-
quences in DNA is described. It is similar to the “plus and
minus” method [Sanger, F. & Coulson, A. R. (1975) J. Mol. Biol.

94, 441-448] but makes use of the 2,3"
glﬁﬁumof the normal deoxynucE!:ﬁe Eﬂ Eales,
which act as specific c%r%ﬁ%hm}%
lymerase. The technique has been applied to the o
gclenopﬁ ¢X174 and is more rapid and more accurate than
either the plus or the minusmmj.—
The “plus and minus” method (1) is a relatively rapid and
simple technique that has made possible the determination of
the sequence of the genome of bacteriophage $X174 (2). It
depends on the use of DNA polymerase to transcribe specific
regions of the DNA under controlled conditions. Although the
method is considerably more rapid and simple than other
available techniques, neither the “plus” nor the “minus”
method is completely accurate, and in order to establish a se-
quence both must be used together, and sometimes confirma-
tory data are necessary. W. M. Barnes (J. Mol. Biol., in press)
has recently developed a third method, involving ribo-substi-
tution, which has certain advantages over the plus and minus
method, but this has not yet been extensively exploited.
. Another rapid and simple method that depends on specific
chemical degradation of the DNA has recently been described
by Maxam and Gilbert (3), and this has also been used exten-
sively for DNA sequencing. It has the advantage over the plus
and minus method that it can be applied to double-stranded
DNA, but it requires a strand separation or equivalent frac-
tionation of eacl: restriction enzyme fragment studied, which

a stereoisomer of ribose in which the 3’-hydroxyl group is ori-
ented in trans position with respect to the 2’-hydroxyl group.
The arabinosyl (ara) nucleotides act as chain terminating in-
hibitors of Escherichia coli DNA polymerase I in a manner
comparable to ddT (4), although synthesized chains ending in
3’ araC can be further extended by some mammalian DNA
polymerases (5). In order to obtain a suitable pattern of bands
from which an extensive sequence can be read it is necessary
to have a ratio of terminating triphosphate to normal triphos-
phate such that only partial incorporation of the terminator
occurs. For the dideoxy derivatives this ratio is about 100, and
for the arabinosyl derivatives about 5000.

METHODS

Preparation of the Triphosphate Analogues. The prepa-
ration of ddTTP has been described (6, 7), and the material is
now commercially available. ddA has been prepared by
McCarthy et al. (8). We essentially followed their procedure
and used the methods of Tener (9) and of Hoard and Ott (10)
to convert it to the triphosphate, which was then purified on
DEAE-Sephadex, using a 0.1-1.0 M gradient of triethylamine
carbonate at pH 8.4. The preparation of ddGTP and ddCTP
has not been described previously; however we applied the
same method as that used for ddATP and obtained solutions
having the requisite terminating activities. The yields were very
low and this can hardly be regarded as adequate chemical
characterization. However, there can be little doubt that the
activity was due to the dideoxy derivatives.
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Método de Secuenciacion de Fred Sanger
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https://sciencemusicvideos.com/ap-biology/genetic-engineering-and-biotechnology/sequencing/



Meétodo de Secuenciacion de Fred Sanger
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Meétodo de Secuenciacion de Fred Sanger

ATGCAGCGTTACCATG
A A e Cada reaccidn tendra:
%T ATGCA
|| ATGCAGCGTTA
ATGCAGCGTTACCA e ADN Polimerasa
C ATGC
ATGCAGC . o ,
%ﬁ, ATGCAGCGTTAC * dNTPs marcados radiactivamente con fésforo 32
\V ATGCAGCGTTACC
&% o * Trazas de un ddNTP (ddATP, ddCTP, ddGTP y ddTTP)
ATGCAGCG
. ﬁGCAGCGTTACCATQ « Oligonucleétido (primer)
[ %ﬁ ATGCAGCGT
ATGCAGCGTT
ATGCAGCGTTACCAT
,X\ E: G * * Cada una de las condiciones (tubos) es sometida a separacion
M°'e§z'§_ % | A en gel de electrophoresis (poliacrilamida).
large | —_—

* Finalmente se revela el marcado en placa fotografica.

Inferred
Sequence
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4 carriles uno por cada
nucledtido (A, T, Cy G).

Revelado en placa fotografica.
Escalera de fragmentos que
difieren en un solo nucledtido.
Leemos desde abajo hacia
arriba la secuencia, desde el
fragmento mas corto al mas

largo.
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Ejercicio: secuenciacion Sanger

Frimer
D O
-, =
- -

Hebra molde

ddNTP: A C G T

Genetics: A Conceptual Approach, Third Edition
© 2009 W.H.Freeman and Company



dCTPRATTP
dATPRACTP!
+ DNA

polymerase

) |

+ ddATP \{ + ddcTP \{ + ddGTP \{ + ddTTP \1

O O W > =

O O W > N

. ¢Cual es la secuencia obtenida?
: 5 AGTCGAGCTTAG 3’

: 5" CTAAGCTCGACT 3’

: 5" GATTCGAGCTGA 3’

: 5" TCAGCTCGAATC 3’

¢ Cual es la secuencia molde secuenciada?

: 5" AGTCGAGCTTAG 3’
: 5" CTAAGCTCGACT 3’
: 5" GATTCGAGCTGA 3’
: 5" TCAGCTCGAATC 3’



ddNTP: A

Genetics: A Conceptual Approach, Third Edition
© 2009 W.H.Freeman and Company

Hebra molde

C G

T

O O ™ P> =

O O W > N

. ¢Cual es la secuencia obtenida?
: 5" AGTCGAGCTTAG 3’

: 5 CTAAGCTCGACT 3’

: 5" GATTCGAGCTGA 3’

: 5" TCAGCTCGAATC 3’

¢Cual es la secuencia molde secuenciada?

: 5 AGTCGAGCTTAG 3’
: 5 CTAAGCTCGACT 3’
: 5" GATTCGAGCTGA 3°
: 5" TCAGCTCGAATC 3’



e —- Ejercicio: Resolucion

dcreldTTe!
dATPRACTP!
N , . .
pof;,,?,e,‘;se 1. ¢Cudl es la secuencia obtenida?
; A: 5" AGTCGAGCTTAG 3’
+ ddATP \{ + ddCTP \{ + ddGTP \{ + ddTTP \1 B: 5 CTAAGCTCGACT 3’
) i ] i C: 5’ GATTCGAGCTGA 3’
‘ ‘ l ‘ D: 5" TCAGCTCGAATC 3’
Template | CTAAGCTCGACT ) | CTAAGCTCGACTEE CTAAGCTCGACT] | CTAAGCTCGACT)
L GATY
\ l :/c / 2. ¢Cual es la secuencia molde secuenciada?
T - B S g A: 5" AGTCGAGCTTAG 3’
= AT
e f § B: 5" CTAAGCTCGACT 3’
— — ¢ C  Autoradiogram of .’ .
; = g é alacirophopssizgel C: 5 GATTCGAGCTGA 3
N T A D: 5’ TCAGCTCGAATC 3’
= — G ¢
/S’ 3’
Sequence of Sequence of

complementary original template
strand strand



Primer Genoma Secuenciado
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Secuenciacion del ADN

* Secuenciacion de 1°™ generacion

 Método de Fred Sanger

* Método enzimatico de secuenciacion
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Genomas
Prefix | Symbol Meaning MultipLenzf uese
kilo- K thousand 1,000
mega- M million 1,000,000
giga- G billion 1,000,000,000

Genome size (number of base pairs per haploid genome)

100 Gb

10 Gb

1Gb

100 Mb

10 Mb

1 Mb

100 Kb

10 Kb

1 Kb

Plants .~ Amphibians

| ll'"l“ T rrim

J/ Cartilaginous
Protists Insects f'Sh Mammals

= .
2 ept'les
i I M!“usks Bony fish B"ds
; ~<~——Fungi
E Bacteria
£

«—Viruses




Genomas

Prefix | Symbol Meaning MultipLenzf uese
kilo- K thousand 1,000

mega- M million 1,000,000
giga- G billion 1,000,000,000
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Secuenciar el Genoma Humano

* Son 3.000.000.000 pares de bases.

* Fuente Calibri 12 .... Palabra de 9 km de largo ...

200 libros aprox.
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Genoma Humano es aprox. 526.315 veces mas grande que el genoma del bacteriéfago !!!



Automatizacion de la Secuenciacion de Sanger

a —O v

Fluorescence detection in automated | Upoer buter
DNA sequence analysis

Lloyd M. Smith, Jane Z. Sanders, Robert J. Kaiser, Peter Hughes, Chris Dodd,
Charles R. Connell’, Cheryl Heiner", Stephen B. H. Kent & Leroy E. Hood

Division of Biology, California Institute of Technology, Pasadena, California 91125, USA
* Applied Biosystems, Inc., Foster City, California 94404, USA

directly from this information. Both these techniques are highly FOpacrylamide ge!

effective but are also very labour-intensive, fairly expensive and
involve the use of radioisotopes. For these reasons, and because
many genes remain to be sequenced (there are 3 x 10” bases in
the human genome alone), we have undertaken the development

of an automated and non-isotopic method of DNA sequence COMPUTER
analysis.
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Fig. 1 a, Simplified diagram of the automated DNA sequenator.
b, Idealized output from the automated DNA sequenator.

NATURE VOL. 321 12 JUNE 1986



Automatizacion de la Secuenciacion de Sanger
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Automatizacion de la Secuenciacion de Sanger

* L. Hood and M. Hunkapiller se asociaron con Applied

Biosystems, Inc. (ABI) 1987.
* ABI 370 (16 geles electroforesis en paralelo)

e 200-400 pares de bases

* Realizaron dos grandes mejoras:

* Marcacion fluorescente de los ddNTPs.

* Analisis informatico de los datos.



Gel de secuenciacion de electroforesis Applied Biosystems 3500 Genetic Analyzer
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Chisnaloging b

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC30412/

Largo de lecturas de 500 — 1000 pb.

Paralelizacion de

capilares.

reacciones,

hasta 96

Procesa desde 0.5 a 2 Mbases por dia.

* Bajo de 18hrs a 3hrs de corrida

Costo por Mbases aprox. USD 800.



Volume 4 Number 11 November 1877 Nucleic Acids Research

Sequence data handling by computer

49924999 Nucleic Acids Research, 1995, Vol. 23, No. 24 © 1995 Oxford University Press

A new DNA sequence assembly program
James K. Bonfield, Kathryn F. Smith and Rodger Staden*

MRC Laboratory of Molecular Biology, Hills Road, Cambridge CB2 2QH, UK

Received September 29, 1995; Revised and Accepted November 15, 1995

=g o -

ties for storage, editing and analysis of both DNA and amino acid sequences.
A magnetic tape containing these programs is avallable on request.

* Ensamblado de secuencias al definir solapamientos entre fragmentos de ADN.
* Traducciéon de secuencias de ADN en los 6 marcos abiertos de lectura.
* Uso de codones, %GC, definicion de sitios para enzimas de restriccion.

* Elensamblador de Staden aumenté 10 veces la capacidad de secuenciacidon dando lugar a la era Gendmica.

http://staden.sourceforge.net/



__y Automatizacion de la Secuenciacion de Sanger

* La secuenciacion de Sanger se utilizé para la secuenciacion en diferentes proyectos.

* ler Genoma mitocondrial humano (1981)

* Anderson S, et al. Sequence and organization of the human mitochondrial genome. Nature.

* ler Genoma bacteriano (Haemophilus influenza, 1995)

* Fleischmann RD, et al. Whole-genome random sequencing and assembly of Haemophilus influenzae Rd.

Science.
* ler Genom Eucariota (Saccharomyces cerevisiae, 1996)
* Goffeau A, et al. Life with 6000 genes. Science.
* ler Genoma Multicelular (Caenorhabditis elegans, 1998)
* TCESC. Genome sequence of the nematode C. elegans: a platform for investigating biology. Science.
* ler Genoma de Planta (Arabidopsis thaliana, 2000)
* TAGI. Analysis of the genome sequence of the flowering plant Arabidopsis thaliana. Nature.

* Genoma Insecto (Drosophila melanogaster, 2000)

* Adams MD, et al. The genome sequence of Drosophila melanogaster. Science.



Proyecto Genoma Humano (PGH)

El Proyecto Genoma Humano fue un proyecto de investigacion cientifica con el objetivo de determinar la secuencia del
ADN, identificar y cartografiar los aproximadamente 25.000 genes del genoma humano desde un punto de vista fisico

y funcional.

El proyecto, dotado con 3000 millones de ddlares, fue fundado en 1990 bajo la direccion del doctor Francis Collins.

Involucrd centros de investigacion de los Estados Unidos, Canadd, Nueva Zelanda, Gran Bretaina y Espana.
Se utilizé un método de secuenciacion desarrollado por Frederick Sanger.
Borrador inicial del genoma fue terminado en el aifio 2000.

En febrero de 2001, las dos prestigiosas publicaciones cientificas estadounidenses, Nature y Science, publicaron la

secuenciacion definitiva del Genoma Humano, con un 99.9% de fiabilidad.

El genoma completo fue presentado en abril del 2003.



Secuenciacion Jerérquica

Hierarchical shotgun sequencing
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Genomic DNA

BAC library —~ ,[ /C'}) -/\7-\,’\:\[;/

Organized

mapped large
clone contigs

BAC to be
sequenced

Shotgun
clones

Shotgun ... ACCGTAAATGGGCTGATCATGCTTAAA
sequence TGATCATGCTTAARACCCTGTGCATCCTACTG. . .

Assembly ...ACCGTAAATGGGCTGATCATGCTTAAACCCTGTGCATCCTACTG. .

Figure 2 Idealized representation of the hierarchical shotgun sequencing strategy. A Figure 3 The automated production line for sample preparation at the Whitehead
’f';‘gar’:e':t‘;‘:;‘:::;c:zw ‘;Z?:‘;'Egﬂifofgf; 2:;‘3’:9;':‘;;‘22;‘3: i;m?a; > Institute, Center for Genome Research. The system consists of custom-designed factory-
represented in the library are then organized into a physical map and individual BAC style conveyor belt robots that perform all functions from purifying DNA from bacterial
clones are selected and sequenced by the random shotgun strategy. Finally, the clone cultures through setting up and purifying Sequencing reactions.

sequences are assembled to reconstruct the sequence of the genome.



Proyecto Genoma Humano
(PGH)

articles

Initial sequencing and analysis of the
human genome

International Human Genome Sequencing Gonsortium*
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Proyecto Genoma Humano (PGH
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Fig. 1. Increase in maximum throughput per run in sequencing platforms from 1980 to 2011.
Throughput per run based on Stratton et al (2009) and Glenn (2011).

Victor Llaca (April 20th 2012). Methods and Applications, IntechOpen, DOI: 10.5772/37918



Proyecto Genoma Humano (PGH)

3000 millones de délares
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Proyecto Genoma Humano (PGH)

How important is R&D for'economlc growth? \ y 7;:",:\
\

By Heather Hall | November 15, 2019 | N ?! N\ o’
B s sy R L e L,._*:,\m&:-._\’) )

El Proyecto del Genoma Humano, consorcio que trazé un mapa del

genoma humano en 1990-2001 (inversion: 3000 millones de .;»

57

de 141 dolares en nuevos medlcamentos productos, servicios y," O >

empleo. §§‘§;&

https //www rdworldonllne com/how-important-is-rd-for-economic-growth/
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Fig. 1. Increase in maximum throughput per run in sequencing platforms from 1980 to 2011.
Throughput per run based on Stratton et al (2009) and Glenn (2011).

Victor Llaca (April 20th 2012). Methods and Applications, IntechOpen, DOI: 10.5772/37918



GENE SEQUENCING

The Race for the $1 000 Genome National Human Genome
Research Institute (NHGRI)

Fast, cheap genetic analyses will soon become a reality, and the consequences—good
and bad—uwill affect everybody

17 MARCH 2006 VOL 311 SCIENCE www.sciencemag.org

How to get genomes at one ten-thousandth
the cost

Jeffery A Schloss

The NHGRI’s Advanced DNA Sequencing Technology program is spearheading the development of platforms that will
bring routine whole-genome sequencing closer to reality.

VOLUME 26 NUMBER 10 OCTOBER 2008

The research community has responded
enthusiastically to the initial and subsequent
calls for proposals; more than 160 grant appli-
cations have been submitted to date. In a total
of five rounds of research grant awards, the
NHGRI has committed more than $100 million
to 50 research teams. The funded projects have
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Secuenciacion del ADN

* Secuenciacion de 1°™ generacion

 Método de Fred Sanger

e Método enzimatico de secuenciacion

Proyecto Genoma Humano
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» Secuenciacion de 1™ generacion

e Secuenciacion de Nueva Generacion

* Secuenciacion de 292 y 3¢ Generacion ...



¢Qué trae de “nuevo” la nueva generacion?

* El término secuenciacion de nueva generacion (NGS) hace referencia a las tecnologias de
secuenciacion de ADN de alto rendimiento no basadas en Sanger. Millones o billones de

hebras de ADN pueden ser secuenciadas en paralelo.

PERSE o TTmOn T | o
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NGS vs Sanger Sec
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NGS vs Sanger Sec

whole
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ordered
sub-clones

individual
sequencing S
reads

Sin embargo, una desventaja de las tecnologias NGS fue sus lecturas relativamente cortas (35-100 pb), lo que

requirio el desarrollo de nuevos algoritmos de alineacion



¢ COmo secuenciamos un
fragmentO de ADN nO 1 Ifl)NAfl:agmented,
conocido?



DNA Library Construction RNA Library Constfruction

E——————————— - [P S| O ———
Genomic DNA = | |
RNA
Fragmentation PCR
RT-PCR e
Ligation
I —(  — ] I
I — e e — EE—— — BN —— -
Fragmented DNA Amplicons e B ==
cDNA
. . - . . . - .
Adapter Ligation, Adapter Ligation,
- . . - RT-PCR
PCR Adapters PCR Adapters
I . . N . . N ] . I N .
[ [ E—_— ] I I I . . I N

Sequencing Library Sequencing Library



Librerias de ADN GONA-sed oniees

e AAT S J’“‘\W

; fragmentation ,‘
v ¥ o
~ — X N
N R S S Y
N
‘ IP, de-crosslink
o
~. o
—~

Fragment size

end-repair, adapter ligation
Insert size

. . A
e
Adapter 1 Insert Adapter 2 J' size selection
> < —
Read 1 Read 2 —

Inner distance
¥ PCR amplification

van Dijk EL, et al. Exp Cell Res. 2014



ChlPseq for histone modifications

e

A [ -

GCGACGCCGCGCAATTAGC

Promoter region

CGCTGCGGCGCGTTAATCG

Transcription

Transcription
Factor

Transcriptional

re%s#r
e il i
GCGACGCCGCGCAATTAGC

Promoter region

CGCTGCGGCGCGTTAATCG

DNA purification

——

ChiPseq for DNA binding proteins

C. Bisulfite Sequencing

CH3
CH3
AGTRGACCATG— ~-AGTCGAUUATG-
—TCAGCTGGTAC- i _ )
: +HSO;~ -TUAGCTGGTAU-
|
CH3 . Lo
~AGTCGACCATG- ~AGTUGAUUATG-

—TCAGCTGGTAC-
-TUAGUTGGTAU-

Head SR, et al. Biotechniques. 2014.



Diversidad de ARNSs en la células

NANANN\_ s St

A B
miRNA
7SL
Unprocessive first-strand RNAIncRNA s;g:z Other IncRNA
synthesis tRNA rRNAs
5! % 3
X<-m--
OR
5 o« 3
e — rRNA tRNA

RNA by mass RNA by number of molecules

Palazzo AF., & Lee ES., et al. 2015



éComo
seleccionamos los
ARNSs de interés?

Isolated cell or
tissue population
‘ Extract total RNA
Long ncRNA

D . T rRNA

Kukurba KR, et al. Cold Spring Harb Protoc. 2015



Librerias de ARN e e

‘ rRNA depletion/mRNA
enrichment
ANV
SN
AN
AW

random priming N
and reverse Vo s WV

transcrlptlon‘/ 3’ adapter ligation
R A% Lol

............ — —

$

=

Directional : "
RNA-seq '
ACTB=

van Dijk EL, et al. Exp Cell Res. 2014



Librerias de ARN

C D
- a - ~ =RNA-seq
A m A 40 ..............................................................................................................................
R=0.975 UTP strand
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T ‘g sposome
End-repair T =
- § : Transposition
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AS (g . ofy 2.° Gap fill-in/ligation
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Ligation B ' :
R P . .. o1 ot
y aul Digest dUTP strand
PCR = -
Fiial Bbraryllel >
inal library==""3 PCR
305
i Final library

M of Standard Truseq protocol

Gertz J, et al. Genome Res. 2012; Sultan M, et al. Biochem Biophys Res Commun. 2012



Librerias de ARN
Sequential RNA ligation

® > RNA 3 OH
SlApp DNA x> | trRnI2
® —_—
5 B2 on 3 Rnl1
— . m— X
;

cDNA synthesis

Gertz J, et al. Genome Res. 2012; Sultan M, et al. Biochem Biophys Res Commun. 2012



Estrategias para seleccionar ARNs de interés

Total RNA Sequencing Poly(A) capture Sequencing

Poly-A . 1st strand synthesis from total RNA 1. Poly(A) capture  Full-length mRNA Tratamiento con
Full-length mRNA 14 ANA AAAAAA DNAsas
AAAAAA Oligo dT magnetic beads
Oligo dT adapter
9 P mRNA capture
Ribo-Zero Plus: Enzymatic depletion Legacy Ribo-Zero: Pulldown-based
Total RNA e — Total RNA — et
r ; \) =——_  DNA probes hybridize (T % — Biotinylated probes
B =—5 e—— to rRNA targets N e s hybridize to rRNA targets
— —
Pon-Aysin Pon-A HYBRIDIZE PROBES HYBRIDIZE PROBES
g p— seees == —e
(2) ™ ——— RNase H cleaves rRNA l 23 ™ " dsoh;::aRvNidAlsn :zi::z F\;::\
= . bound to DNA 4 el biotinylated probes
Enzymatic Pulldown-based
rRNA depletion rRNA depletion
(3) —_— (3)
N DNA probes digested \_/\)
REMOVE PROBES with enzyme Clean up RNA
& Clean up RNA
=== RNA of interest === Ribo-Zero Plus === Abundant transcripts === RNA of interest —\. Biotinylated ‘ Streptavidin beads === Abundant transcripts
Probes Ribo-Zero Probes

Ura, H., et al. Sci Rep (2022)



Estrategias para seleccionar ARNs de interés

[P — mpidzes N/
- T — | 100- 0.91 1.00 1.1 0.72 10 minutes denature
_— = 20 minutes hybridization
) %1
Bimding of ssDNA Probes
[ — f— F— g m .
—_— == - M Ribosomal

Magnet
&

W Intergenic
W Intronic

fRAMNA Degradation by Ribonuclease H (RNase | rRNA-depleted RNA

Percent of Reads (%)
2

[ e ] i .
- »g@ml_ sey W Exonic L
(22 == 28] —_— | 4“_
== — - 1 minute remove
= s 30 -
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non-depleted poly(A) mRNA-enriched rRNA-depleted  rRNAdepleted rRNA-depleted
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clean-up

Ura, H., et al. Sci Rep (2022)



Analisis de Integridad y

45 . Inter Region | 285 Fragment
404 FreRegion 185 Fragment
o o 4 ' Marker
cuantificacion de ARN y ADN -
3.0
. 8 |
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2 % agarose gel stained
with Ethidiumbromide



Analisis de ARN y ADN con Bioanalyzer 2100 - RIN

El ndmero de integridad del ARN (RIN)

Medida de la integridad del ARN, un indicador de Ia

integridad del ARNm

FU

18S
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Partially degraded RNA:
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STRUCTURE DETAILS

Rd1 Seq Primer Index Seq Primer

e 3 > —

e INDEX
Isullid bag zpy
\
!
Sequence of Interest
Library A Library B Library C
= = | =] B =
e | | =] = =
= = | = =] =l
[} ] = = B
Barcode: Durante la preparacion de la
biblioteca antes de la secuenciacidn, se asigna \ l /
un codigo de barras especifico
(6-8 nucledtidos [nt] de longitud) a cada | | _ m— m——
muestra. Pool libraries - - -_ -_
(3-plex pooling) o] -



DNA Library Construction RNA Library Constfruction

E——————————— - [P S| O ———
Genomic DNA = | |
RNA
Fragmentation PCR
RT-PCR e
Ligation
I —(  — ] I
I — e e — EE—— — BN —— -
Fragmented DNA Amplicons e B ==
cDNA
. . - . . . - .
Adapter Ligation, Adapter Ligation,
- . . - RT-PCR
PCR Adapters PCR Adapters
I . . N . . N ] . I N .
[ [ E—_— ] I I I . . I N

Sequencing Library Sequencing Library



Preparacion de Librerias

Tempialo prepatition gDNA or cDNA Fragment size
! 1
] Insert size
Vv | .
DNA shearing Adapter 1 Insert Adapter 2
> . I p
Library preparation Read 1 Read 2
—
Adapter ligation Inner distance
A. A B.
Library amplification : Solid phase
and cluster generation amplification Paired end 1 Seq primer 1 insert Seq primer 2 Paired end 2
1\ e e —

x

W

Mutagenesis vol, 29 no, 5 pp, 303-310 doiz 10,1093/ mutage/zeu03]

REVIEW

3 e e N
L & &

100-200 million beads
Chemically cross-linked
To a glass plate

Next-generation sequencing technologies: breaking the sound barrier of human
genetics

100-200 million molecular
clusters on a flow cell



Plataformas de Secuenciacion

1st Generation 2nd Generation
DNA sequencing Massive Parallel

3rd Generation
Single Molecule

sequencing sequencing
A
A [ ) A
( | f Helicos
sequencer
Solexa Genome Analyzer Virtual terminator
ABI SOLID sequencer nucleotides
Fluorescent Emuision PCR Single-molecule
Dye Capillary Human Genome real time (SMRT)
Sanger, F electrophoresis Completed PacBio
Chain termination RS
1987 2002 2004 2010 2015
1983 = l 1996 M 1 @ 0 2008 M i
J J
1977 I 1985 1990 T 1998 2003 | 5906 o T .4 '
Nyrén, P.1. :
Mullis, K Pyro):eqnt:enclng 454 Gs-20 1000 “ehowaes
etal PCR Pyrosequencer Project
MIiniON
First Automatic Capillary R Il
sequencer ABI 370 sequencers SYSISNG
terminator
chemistry fon PGM
Cost per Raw Megabase of 2001 2003 2005 2007 2009 2011 2013 2015
DNA Sequence in U$ Dollar $ $ $ $ $ $ $ $
5,292 2,230 766 397 0.78 0.09 0.06 0.014

http://dx.doi.org/10.5772/intechopen.69337




Nature, 2005 September 15; 437(7057): 376380,

Genome Sequencing in Open Microfabricated High Density

Picoliter Reactors

Marcel Margulies!:", Michael Egholm!:", William E. Altman1, Said Attiyal, Joel S. Bader!,
Lisa A. Bemhen1, Jan Berka1, Michael S. Braverman", Yi-Ju Ghen1, Zhoutao Ghen1, Scoftt
B. Dewell1, Lei Du1, Joseph M. Fierm1, Xavier V. Gnmes1, Brian C. Gnndwin1, Wen He1,
Scott Helgesen!, Chun He Hol, Gerard P. Irzyk1, Szilveszter C. Jando1, Maria L.1.
Alenquer', Thomas P. Janrie1, Kshama B. Jirage)', Jong-Bum Him1, James R. I'liinight1 ,Janna
R. Lanza1, John H. Leamnn1, Steven M. Lefknwitﬂ, Ming Lei1, Jing Li1, Kenton L.
Lohman1 Hong Lu1, Vinod B. Hahhijani1, Keith E. Hr.Dade", Michael P. H:Kenna1, Eugene
W. Myers3, Elizabeth Nickerson !, John R. Nobile!, Ramona Plant!, Bernard P. Puc’, Michael
T. Rnnan1, George T. Rnlh1, Gary J. Sarlr.i51, Jan Fredrik Sirnnnﬁi, John W. Simpsnn1,
Maithreyan 5rinivasan1, Karrie R. Tarl:arn1, Alexander Tomasz?, Kari A. "d"ngt", Greg A.
Volkmer!, Shally H. Wang1, Yong Wang1, Michael P. WeinerZ, Pengguang Yul, Richard F.
Begleﬂ, and Jonathan M. Fl:r.ithl.'n‘erg'1

1 454 Life Sciences Corp., 20 Commercial St., Branford, CT 06405, USA.

2 The Rothberg Institute For Childhood Diseases, 530 Whitfield 5t., Guilford, CT 06437, USA.
3 University of California, Berkeley, CA 94720, USA.
4 | aboratory of Microbiology, The Rockefeller University, New York, NY 10021, USA.
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& é’// TECHNOLOGY Escalado de la reaccidon de PCR y Secuenciacion
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454: secuenciacion (Pirosecuenciacion)

\/E;\/]:}\,E; P~P~P’ ~— \,E;\/E;\/E;\/Q
\d Diphosphate released,

energy used for synthe5|s A

—r Triphosphate
Existing DNA strand  + nu?leotﬂie / < Longer DNA strand

Copyright © 2006 Pearson Education, Inc., publishing as Benjamin Cummings.



454 secuenciacion (Pirosecuenciacion)

* Medicion de sintesis de pirofosfato:

* proceso de dos enzimas en el que se usa ATP sulfurilasa para convertir el pirofosfato en ATP, que luego se

usa como sustrato para luciferasa, produciendo luz proporcional a la cantidad de pirofosfato.

Anal Biochem. 1985 Dec;151(2):504-9.

Enzymatic method for continuous monitoring of inorganic pyrophosphate synthesis.

Nyrén P. Lundin A.

Abstract

A sensitive method for the analysis of inorganic pyrophosphate (PPi) which utilizes the enzymes ATP sulfurylase and firefly
is described. The assay is based on continuous monitoring of the ATP formed in the ATP sulfurylase reaction using purified
luciferase. The assay can be completed in less than 2 s and is not affected by inorganic phosphate. The method has been
continuous monitoring of formation of PP in Rhodospirillum rubrum chromatophores. The assay is extremely sensitive, the
range of the assay being 1 X 10(-9) - 5 X 10(-7) M PPI. It is suitable for routine applications. It is also possible to use the
determination of low amounts of adenosine 5'-phosphosulfate. PPi

1 ATP-sulfurylase

ATP
| Qe
®» Nucledtidos no modificados.
= Medicion en tiempo real. e @
Polymerase e

® Principales beneficios:

Intensity




454 secuenciacion (Pirosecuenciacion)

Polymerase Polymerase

Luciferin Luciferin

LH{- i Lyc;
Oxyluciferin er ase Oxyluciferin UCifer. ag
e
Emission of light No Emission of light

Ambardar S,et al. High Throughput Sequencing: An Overview of Sequencing Chemistry. Indian J Microbiol. 2016



454 secuenciacion (Pirosecuenciacion)
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Ka-Chun Wong, et al. 2019. DNA Sequencing Technologies: Sequencing Data Protocols and Bioinformatics Tools.



Secuenciadores vs Ley de Moore

Expresa que aproximadamente cada dos anos

se duplica el numero de transistores en un

microprocesador.

Moore's Law

National Human Genome
Research Institute

genome.gov/sequencingcosts
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Plataformas de Secuenciacion
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doi: 10.1016/j.molcel.2015.05.004



Plataformas de Secuenciacion
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Sample pre- Libra :
P p ry Sequencing Bioinformatics
processing preparation
AATATCCCCCG
S 7 I - CCCCCGGTAT
S 0 T . CGGTATCTTA
AATATCCCCCG
[
S— CCCCCGGTAT AATATCCCCCGGTATCTTA
S . I W CGGTATCTTA
lllumina P5 Adapter lllumina P7 Adapter
l | | |
05 i7
Index 2 (i5) indeX Read 1 Index 1 (i7) index
Seqqenmgg lSe%ugncing Sequencing l
Primer rimer Read 1 rimer
__-_
Index 2 (i5) Read2 Read2
Sequencing Sequencing
Primer * Primer




¢ Como se clasifican las NGS?

* Por generaciones:

e 1°: Secuenciacion de Sanger.
« 2da; Amplificacion por PCR (emulsion o puente).

e 3era: Sacuenciacion de moléculas Gnicas.




¢ Como se clasifican las NGS?

* Por el tamafio de la lectura (read):

e Cortos (35-600 pb)
* Secuenciamiento por sintesis (SBS).

* Secuenciamiento por ligacion (SBL).

e Largos (1-100 kb)

* Single-molecule.




Caracteristicas de los Secuenciadores de 292 Generacidn

* Necesitan de un paso de amplificacidn clonal.

* Emulsion PCR. (Emulsidn)

e Bridge PCR. (Puente) " I I u m I n a ion to rreﬂt
0 x A
* Producen lecturas cortas. oy Lifetechnotogies

* Single-end. (un Extremo)

* Paired-end. (ambos Extremos)
00000 A
« Se clasifican en: QIAGEN el

e Secuenciacion por sintesis.

* Secuenciacion por ligacion. ) d lled
S Ports A‘B bFi)gsystemS" Complete;

genomics




Caracteristicas de los Secuenciadores de 292 Generacidn

* Necesitan de un paso de amplificacion clonal.

* Emulsion PCR. (Emulsidn)

e Bridge PCR. (Puente) | I u m I n a ion to rreﬂt
O %k £

L O XD +=

by /&:{e technologies’

 Producen lecturas cortas.

* Single-end. (un Extremo)

* Paired-end. (ambos Extremos)

e Se clasifican en:

e Secuenciacion por sintesis.

* Secuenciacion por ligacion.
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bound clusters

https://doi.org/10.1016/j.ygeno.2015.11.003



Secuenciacion por sintesis (SBS).

* En la secuenciacidon por SBS se utiliza una polimerasa y se sensa una senal
(fluoréforo o un cambio en la concentracion idnica) que identifica la

incorporacion de un nucleotido en una cadena que se esta sintetizando

ion torrent
00000 454 O *xAOXO+=<
)

XD = lumina
QIAGEN G o




Plataformas de Secuenciacion

1st Generation 2nd Generation
DNA sequencing Massive Parallel

3rd Generation
Single Molecule

sequencing sequencing
A
i [ ) A
( | ( Helicos
sequencer
Solexa Genome Analyzer Virtual terminator
ABI SOLID sequencer nucleotides
Fluorescent Emuision PCR Single-molecule
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Chain termination RS
1987 2002 2004 2010 2015
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J |
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DNA Sequence in U$ Dollar $ $ $ $ $—3$ $ §
5,292 2,230 766 397 0.78 0.09 0.06 0.014

http://dx.doi.org/10.5772/intechopen.69337




Illumina

Illumina/Solexa lanzaron el Genome Analyzer Il en 2006, y los avances en la tecnologia de Illumina han marcado

el ritmo de las reducciones en el costo.

La plataforma lllumina actualmente domina el mercado HTS.

* Amplificacion clonal de fragmentos de ADN ligados al adaptador

en la superficie de un portaobjetos de vidrio.

lon Torrent
7%

L * Terminacion ciclica reversible.

* Rondas progresivas de incorporacion de las bases.

lllumina
80%

* Imagenes fluorescentes para determinar el nucleotido agregado.

* La plataforma MiSeq y HiSeqs son las mas establecidas




Illumina: amplificacion en cluster 6 en puente (Bridge)

DNA fragments Primers

DNA strands are attached

to cell surface at one end Ends are attached to surface

by complimentary primers

Denaturation forms two Repetition forms clusters

Enzymes create double strands separate DNA fragments of identical strands



lllumina: amplificacion en cluster 6 en puente (Bridge)

DNA
fragments

equencing, imaging by

l {\daf_’tor four labelled terminators
ligation

—
Bind to flow

Dissociation, clonally
amplified to clusters

bridgePCR

cell channel amplification



lllumina: amplificacion en cluster 6 en puente (Bridge)

Fragment size

Insert size

Adapter 1 Insert Adapter 2

4

» <
Read 1 Read 2
—

Inner distance

Repetition forms clusters Paired-End Reads Alignment to the Reference Sequence
of identical strands

T —
[ —
U ——
L ————

————————3 Referanca mu——— = e

Read 2
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lllumina: secuenciacion y analisis

a lllumina/Solexa — Reversible terminators
® -
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 a a .

Incorporate
all four
nucleotides,
each label
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different dye
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colour imaging _~

Cleave dye : : 2 : 2 ¢
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lllumina: secuenciacion y analisis
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lllumina Iseq 100

Maximum Maximum Read length Sequencing | Main applications
reads output range run time
per run (gigabases) (hours)

.. y R \‘- : : l

| P :

'NOVASEQ PLUS

NextSeq 550*°

HiSeq 3000

A
=k \ . S0 o ) en 48hrs

NovaSeq 6000 25.000 USD

5 5 ( DLO 1€
sequencing,
methylation

sequencing https://doi.org/10.1055/s-0039-1688446




Plataformas de Secuenciacion

1st Generation 2nd Generation
DNA sequencing Massive Parallel

3rd Generation
Single Molecule

sequencing sequencing
A
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sequencer
Solexa Genome Analyzer Virtual terminator
ABI SOLID sequencer nucleotides
Fluorescent Emuision PCR Single-molecule
Dye Capillary Human Genome real time (SMRT)
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lon Torrent

Life Technologies/ThermoFisher/lon Torrent comercializd la tecnologia de secuenciacién de semiconductores de

lon Torrent en 2010, secuenciador lon PGM de mesada.

La emulsion-PCR se usa para amplificar clonalmente fragmentos de ADN ligados al adaptador en la superficie de

las perlas.

®E| lon Torrent fue la primera plataforma NGS sin deteccidon Optica, acelerando drasticamente las ejecuciones de

secuenciacion y reduciendo los costos.

= |on Torrent detecta los iones H + que se liberan a medida que se incorpora cada dNTP.

H* dATP H*
. / o N 4
CTH®
© GAATCGAAATCG

T, S~ e~ :
gl w S

/ e |4PH S

/ "\
sensor * AV AGTC AGTC AGTC

cycle 1 cycle 2 cycle 3



lon Torrent

= | as perlas (Beads) se distribuyen posteriormente en micropocillos

donde se produce una reaccion de secuenciacion por sintesis.

= |on Torrent detecta los iones H + que se liberan a medida que se

incorpora cada dNTP.

= Estos cambios de pH son detectados por un sensor ubicado en la parte

inferior del micropocillo y convertido en una seial de voltaje.
= | 3 sefal de voltaje es proporcional al nimero de bases incorporadas.

= | 3 velocidad de secuenciacion, 2-8 horas dependiendo de la maquina y
el chip utilizado, hace que estos secuenciadores sean particularmente

utiles para aplicaciones clinicas.

Micro-machinsed wells




lon Torrent

lon torrent EEHUEI'I'Eil"IE
Sequencing library preparation Template preparation-Emulsion PCR
4 N — — )
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Instrument Maximum Maximum Read length Sequencing | Main applications

reads output range run time

per run (gigabases) (hours)
lon 314 I lon PI Chip V2 I
ontorrent sxaoxo+=
. 12__5"
| lon 318 I
lon PQ i
210um
550 t‘ﬁg&* DABDO00OS
USAF1951 group 7 e 6
lon 314 (~3um wells), Ion 318 (~3um wells), Ion PI (~1.5um wells), Ion PQ (<0.7um

=l
wells

https://doi.org/10.1055/s-0039-1688446




lon Torrent

4 nucleotides flow sequentially

Nucleotide———"

incorporates Hydrogen ion
into DNA is released

No camera, just a pH sensor



lon Torrent

No hydrogen
ion released




lon Torrent

Two bases Two hydrogen ions
are incorporated are released




ION S5

10-20 x PGM

SEQUENCING N SMALL SETS OF GENE EXPRESSION  WHOLE HUMAN HUMAN
APPLICATIONS GENOMES GENES CHIP SEQ TRANSCRIPTOME EXOMES GENOMES

ION PGM™ SEQUENCER ION PROTON™ SEQUENCER
for genes for genomes

SEQUENCING S

lon 510™ Chip
2-3 M reads

lon 520™ Chip
3—6 M reads

lon 530™ Chip lon 540™ Chip lon 550™ Chip
15-20 M reads 60-80 M reads 100-130 M reads




Automizacion en la construccion de Librerias

ION CHEF
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Figure 1 - Process of DNA digital data storage

Digital file

Converted into Converted into

Binary language DNA sequence

100000101 ATGCGCTA
000111111 GCCCCGG
010101110 GGCTTTTT

011010111 TCGCGAG
010101111 AGAGAGAT
010111101 AGAGAGA
Converted into DNA sequencing

Binary language

Adapted from Source: Genetic Education, DNA digital data storage by Dr Tushar Chauhan

Artificial DNA synthesis

\?

&\

DI

amplyfi.com/insights



Original Imége

doi:10.1038/nature23017

CRISPR-Cas encoding of a digital movie into the
genomes of a population of living bacteria

Seth L. Shipman’?3, Jeff Nivala-?, Jeffrey D. Macklis® & George M. Church!?

https://www.technologyreview.com/2017/07/12/150497/scientists-used-crispr-to-put-a-gif-inside-living-dna/ Shipman, S., et al. Nature, (2017)



https://www.technologyreview.com/2017/07/12/150497/scientists-used-crispr-to-put-a-gif-inside-living-dna/
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Secuencias repetidas

Short sequencing

reads overlap

Inferred sequence —

d Esta todo resuelto?

-
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Short sequencing I I —— —
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Long read captures entire
array and flanking regions

= Edge of repeat and flanking region

mm—= Spans boundary of repeats
mmme [alls within repeats

Repeat sequence




Exon 1 Exon 2 Exon 3 Exon 4 Exon 5
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l Transcription
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Alternative splicing
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Isoformas de transcritos
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Secuenciacion del ADN

* Secuenciacion de 1 generacion

 Método de Fred Sanger

* Método enzimatico de secuenciacion

Proyecto Genoma Humano

e Secuenciacion de 1™ generacion

(1 §(2 ]
| &3 &
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8o
r Bl o |
8n
@ =
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oM

e Secuenciacion de Nueva Generacion

« Secuenciacion de 2%y 3% Generacion ...



Secuenciadores de 3¢ Generacion

Largos vs cortos

Amplificacion por PCR vs molecula unica

I DN |
NGS short reads
assembly wl Contig 3

Oxfor ' g 4

Oxford Contig 1 Contig 2

NANOPORE — |
Technologies® N\ Contig4

@ PAC BIO® Long rer
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Pacific Biosciences (PacBio): SMRT

Zero-Mode Waveguides for
Single-Molecule Analysis at High
Concentrations

M. J. Levene,’ J. Korlach,’2 S. W. Turner,’ M. Foquet,’
H. G. Craighead,” W. W. Webb'+

Optical approaches for observing the dynamics of single molecules have re-
quired pico- to nanomolar concentrations of fluorophore in order to isolate
individual molecules. However, many biologically relevant processes occur at
micromolar ligand concentrations, necessitating a reduction in the conventional
observation volume by three orders of magnitude. We show that arrays of
zero-mode waveguides consisting of subwavelength holes in a metal film
provide a simple and highly parallel means for studying single-molecule dy-
namics at micromolar concentrations with microsecond temporal resolution.
We present observations of DNA polymerase activity as an example of the
effectiveness of zero-mode waveguides for performing single-molecule exper-
iments at high concentrations.

31 JANUARY 2003 VOL 299 SCIENCE

Fig. 1. An apparatus
for single-molecule en-
zymology using zero-
mode waveguides.

lllumination

Dichroic filter
Collected fluorescence



Pacific Biosciences (PacBio) : SMRT

 La secuenciacion de una sola molécula en tiempo real (SMRT) fue iniciada por

Nanofluidics, Inc. y comercializada por Pacific Biosciences en 2010.

La preparacion del molde implica la union de adaptadores de horquilla a los extremos de las moléculas de

ADN o ADNc, generando un molde capeado (SMRT-bell).
Se evita la amplificacion clonal, permitiendo la secuencia directa del ADN.

La sintesis de ADN ocurre en camaras del tamano de un zeptolitro (ZMW, zeptolitro = 10-2), en las que

una sola polimerasa se inmoviliza en el fondo de la camara.

La polimerizacion ocurre continuamente con nucleoétidos fluorescentes y la secuencia de ADN se puede

leer en tiempo real a partir del registro de las senales fluorescentes.

Las lecturas (reads) promedio son> 14 kb, pero las lecturas individuales pueden ser de hasta 60-100 kb



Pacific Biosciences: SMIRT

A phospholinked *
, g TTP « ]
nucleotides TTP CcTP  ATP
g C T AT TAC
5 h N
zero mode 8
waveguide 5 |t Uil L

A

time (s)

Lecturas de 10-15kb hasta 80kb

Error base calling aprox. 10%



Pacific Biosciences: SMRT

* Los nucleodtidos incorporados se detectan mediante la deteccion de imagenes

en tiempo real durante la sintesis de la cadena.
 E| ADN molde formandose en el sitio activo de la polimerasa, se puede registrar un

pulso de intensidad de fluorescencia para el fluoroéforo correspondiente.

Intensity

Time
10.1146/annurev-anchem-062012-092628



Pacific Biosciences: SMRT

* Los nucleodtidos incorporados se detectan mediante la deteccion de imagenes

en tiempo real durante |a sintesis de la cadena.

 E| ADN molde formandose en el sitio activo de la polimerasa, se puede registrar un
pulso de intensidad de fluorescencia para el fluoroéforo correspondiente.

e Tal emision de luz dura algunos milisegundos y sera detectada por el sensor ZMW.

‘SMRTbells’

25 pasadas = 99.999%

50 pasadas = 99.9999%

J

Adaptador
en
horquilla

1-2 kb

https://doi.org/10.1016/j.tig.2018.05.008
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Oxford Nanopore Technologies

e La tecnologia de Oxford Nanopore (2014), es una célula de flujo de secuenciacion con
cientos de microporos independientes, cada uno con una bicapa sintética perforada por

nanoporos bioldgicos.

* La secuenciacion se logra midiendo cambios caracteristicos en la corriente inducidos por

como las bases pasan a través del poro mediante una proteina motora molecular.
* La preparacion de la biblioteca es minima, la ligacion de adaptadores al igual que la secuenciaciéon SMRT, esta metodologia de
preparacion de la biblioteca se puede hacer con o sin amplificacion por PCR.
* El primer adaptador esta unido a una enzima motora.

* El primer dispositivo comercialmente disponible para la secuenciacién de nanoporos es el MinlON, un secuenciador portatil

alimentado por USB.

* Corre en 48 horas y puede producir > 90 Mb de datos con lecturas medias y maximas de 6 kb y >60 kb, respectivamente.



Oxford Nanopore Technologies

10.1161/CIRCRESAHA.113.300939



Oxford Nanopore Technologies

template
% —
HP motor template 2-direction complement
read

read
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Error base calling aprox. 5-15% 1D y aprox. 3% 2D
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The potential impact of nanopore sequencing on
human genetics
Matthew W. Loose*

School of Life Sciences, University of Nottingham, Nottingham NG7 2UH, UK

*To whom correspondence should be addressed. Tel: +44 1158230358; Fax: +44 1158230313; Email: matt loosef@inottingham.ac.uk

MinION GridION PromethION

¢

13
S

Flow cell number 1 5 48

Integrated compute No Yes Yes

Channels per flow cell 512 512 3000
Nanopores per flow cell® 2048 2048 6000

Yield per flow cell (theoretical/reported) 20 Gbp/2.3 Gbp 20 Gbp/2.3 Gbp 50 Gbp/6.7 Gbp®
Approx time to 30x human genome* 9 days/78 days 2 days/16 days <2h/<7h




Ebola virus 2015
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| Scientists in the UK have just produced a DNA read

that is over 2.3 million bases in length! %
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World's longest DNA sequence decoded
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Int t A team of UK scientists have claimed the record for decoding the world's longest
nterna DNA sequence.
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About VolTRAX

Oxford Nanopore offers a range of options for converting your original biological sample to a
form ready for application into a nanopore sensing device.

Oxford Nanopore has developed VoITRAX — a small device designed to perform library

preparation automatically, so that a user can get a biological sample ready for analysis, hands-
free. VoITRAX is designed as an alternative to a range of lab equipment, to allow consistent
and varied, automated library prep options.

Buy VoITRAX > . e
VoITRAX: Pt V.
automated sample apg

without human i @

\“‘



Application

Advantages/disadvantages

Ideal platform at human scale References

Whole Genome

Sequencing and

assembly

Structural variants

Sequence variation

Phasing

Targeted Sequencing

Direct Sequencing of
RNA

Highly contiguous genome assemblies

Ultra-long reads should further increase contiguity and could close
existing gaps in assemblies

Challenges remain for delivery of high molecular weight DNA to
the sequencing nanopores

Direct detection of DNA modifications possible

DNA amounts required are high (single flow cell requires 1-1.5 ug
DNA)

Assembly tools computationally expensive

Long reads will, by definition, improve the detection of structural
variants in genomes

Ultra-long read preparations will aid structural variant detection
but require high molecular weight DNA

Variant calling with Nanopore data is possible, but enhanced by
the use of post base calling polishing (nanopolish), or short read
correction

Homopolymers were not called by early Nanopore base callers.
Homopolymer base callers are now available (Albacore—Oxford
Nanopore Technologies)

Phasing across ever larger regions of the human genome will be fa-
cilitated by longer reads

Targeted methods for DNA capture prior to sequencing utilising
Cas9 suggest that individual regions of the genome can be cap-
tured for sequencing.In principle, selective sequencing (‘read
until’) could enable dynamic selection of target during a se-
quencing run.

A unique property of nanopore sequencers is the ability to directly
sequence RNA, including the detection of modifications.

Currently, direct RNA requires 500 ng polyA-tailed mRNA as input.

GridION
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GrdIOMN
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GridION
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GridION
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All

MinIOMN
GridION
PromethION

(35,40,41,52,53)

(34,37,47)
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(34,35,51,54)

(48,55)
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Secuencias repetidas
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STATISTICS GRCH38 T2T-CHM13 DIFFERENCE (+%)
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¢ Por qué quiero secuenciar?

4

¢Qué quiero secuenciar?

4

Metodologia y Plataforma




Global Sequencing Market, Segmentation By Type Of
Sequencing, 2018, Percentage (%)

B Next Generation Sequencing

B Third Generation Sequencing
15.5% crecimiento anual 2014 - 2018

97.00%

Sanger Sequencing

Source: The Business Research Company

https://www.thebusinessresearchcompany.com/press-release/sequencing-market-segments



Metodologias de Secuenciacion

* La estrategia especifica empleada por cada plataforma determina la calidad, cantidad y
sesgos del resultado datos de secuencia y la utilidad de la plataforma para particulares

aplicaciones
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DNA MICROARRAY RNA-Seq
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Aplicaciones: estudio de los genes.
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Cuanto quiero secuenciar? 359
Costos

* Genoma:

* Ventajas: CNVs, Fusiones, No codificante, regiones reguladoras, sin hipotesis

previa.

* Desventajas: Muy caro, mas laborioso (Bioinformatica) analisis.

* Exoma:
* Ventajas: deteccidon de mutaciones en cualquier codén, CNVs

* Desventajas: Caro, mas laborioso, mucha informacion.
* Paneles de Genes:

Entre 50 — 300 genes (Amplicones)

* Ventajas: barato y rapido analisis.

Clinical Cancer Panel
* Desventajas: Acotado y limitado en variantes estructurales. 5x10° bp



estrategia de secuenciacion: CHIP-SEQ

ChlP-seq overview
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estrategia de secuenciacion: ATAC-SEQ,

closed chromatin

open chromatin

(R AR 22 = / ) Closed chromatin Open chromatin

https://doi.org/10.1186/s41065-019-0105-9



Proyecto ENCODE 2003-2016.
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Gloss and Dinger Expenimental & Molecular Medicine (2018) 5097

0¥ 10.1038/3512276-016:0087-0 Experimental & Molecular Medicine

REVIEW ARTICLE

Realizing the significance of noncoding
functionality in clinical genomics

Brian S. Gloss'* and Marcel E Dinger'*

Open Access

Non-Coding Loss-of-Function Variation
in Human Genomes

Zachary Zappala® Stephen B. Montgomery®®

Departments of *Genetics and "Pathology, Stanford University, Stanford, Calif, USA

Trends in Genetics Ce") ress
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The Dimensions, Dynamics,
and Relevance of the
Mammalian Noncoding
Transcriptome

Ira W. Deveson,'* Simon A. Hardwick,'* Tim R. Mercer,'*
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Aplicaciones: estudio de variantes.
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Aplicaciones: estudio de variantes.
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Aplicaciones: metagenomica ambiental
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Aplicaciones: éCon quiénes convivimos?

Propionibacterium acnes
lives on the
skin and
nose of most
people

A map

of diversity
in the human
microbiome

Lactobacillus species
(L. gasseri, L. jensenii,
§ L. crispatus, L. iners)
y are predominant
but mutually
exclusive in
the vagina

Streptococcus dominates
the oral cavity with
5. mitis = 75% in the

WS
Staphylococcus <
epidermidis A
colonizes ‘
external S
body sites \?’ g

’ &

Many Corynebacterium
species characterize
different body sites: #8

C. matruchoti
the plaque
C. accolens
the nose
C. croppenstedtii
the skin

Several Prevotella species are
present in the gastrointestinal
tract. P copriis present in
19% of the subjects and
dominates the intestinal
flora when present



Aplicaciones: abarcando la complejidad de |a vida

Earth BioGenome Project: Sequencing life %
for the future of life

Harris A. Lewin, Gene E. Robinson, W. John Kress, William J. Baker, Jonathan Coddington,
Keith A. Crandall, Richard Durbin, Scoit V. Edwards, Félix Forest, M. Thomas P. Gilkert,
Melissa M. Goldstein, Igor V. Grigoriev, Kevin J. Hackett, David Haussler, Erich D. Jarvis,
Warren E. Johnson, Aristides Patrinos, Stephen Richards, Juan Carlos Castilla-Rubio,
Marie-Anne van Sluys, Pamela S. Soltis, Xun Xu, Huanming Yang and Guojie Zhang

PMAS April 23, 2018. 201720115; published ahead of print April 23, 2018, hitps:/doi.org/10.1073/pnas. 1720115115

Add to Cart ($10)

Edited by John C. Avise, University of California, Irvine, CA, and approved March 15, 2018 (received for review January
6,2018)

Figures & Sl Authors & Info ™ PDF
Abstract

Increasing our understanding of Earth's biodiversity and responsibly stewarding its resources
are among the most crucial scientific and social challenges of the new millennium. These
challenges require fundamental new knowledge of the organization, evolution, functions, and
interactions among millions of the planet’s organisms. Herein, we present a perspective on
the Earth BioGenome Project (EBF), a moonshot for biology that aims to sequence, catalog,
and characterize the genomes of all of Earth’s eukaryotic biodiversity over a period of 10
years. The outcomes of the EBF will inform a broad range of major issues facing humanity,
such as the impact of climate change on biodiversity, the conservation of endangered
species and ecosystems, and the preservation and enhancement of ecosystem services.
We describe hurdles that the project faces, including data-sharing policies that ensure a
permanent, freely available resource for future scientific discovery while respecting access
and benefit sharing guidelines of the Nagoya Protocol. We also describe scientific and
organizational challenges in executing such an ambitious project, and the structure proposed

to achieve the project’s goals. The far-reaching potential benefits of creating an open digital
repository of genomic information for life on Earth can be realized only by a coordinated
international effort.
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El proyecto tiene como objetivo secuenciar y anotar las aproximadamente
1,5 millones de especies eucariotas conocidas.
Abstract

Increasing our und
~miere §@ proyecta que el proyecto costara 4.700 millones de ddlares
challenges require

interactions among millions of the planet’s organisms. Herein, we present a perspective on
the Earth BioGenome Project (EBF), a moonshot for biology that aims to sequence, catalog,
and characterize the genomes of all of Earth’s eukaryotic biodiversity over a period of 10
years. The outcomes of the EBF will inform a broad range of major issues facing humanity,
such as the impact of climate change on biodiversity, the conservation of endangered
species and ecosystems, and the preservation and enhancement of ecosystem services.
We describe hurdles that the project faces, including data-sharing policies that ensure a
permanent, freely available resource for future scientific discovery while respecting access
and benefit sharing guidelines of the Nagoya Protocol. We also describe scientific and
organizational challenges in executing such an ambitious project, and the structure proposed

to achieve the project’s goals. The far-reaching potential benefits of creating an open digital
repository of genomic information for life on Earth can be realized only by a coordinated
international effort.
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Cuantos genes sin funcion definida existen en el genoma humano?
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“Esta es la alegria de la ciencia y la investigacion: el trabajo nunca esta completo. Cada avance abre nuevas

perspectivas de oportunidades con la frecuente sensacion de que lo mejor aun esta por venir.”

Eric D. Green is director of the National Human Genome Research Institute (NHGRI) at the National Institutes of Health
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