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Sequencing Technologies

Second Generation Third Generation

First Generation

(Next Generation Sequencing)
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Sanger Sequencing 454, Solexa, PacBio
Maxam and Gilbert lon Torrent Oxford Nanopore
Sanger Chain-termination llumina
= Infer nucleotide identity using dNTPs = High throughput from the parallelization of - Sequence native DNA in real time with
then visualize with electrophoresis sequencing reactions single-molecule resolution
= 500-1000 bp fragments = ~50-500 bp fragments = Tens of kb fragments, on average
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Short-read sequencing Long-read sequencing

https://www.pacb.com/blog/the-evolution-of-dna-sequencing-tools/



Cost per Human Genome

$100,000,000

$10,000,000

Moore’s Law
$1,000,000

$100,000
$10,000
N I H National Human Genome
Research Institute
$1,000 “
genome.gov/sequencingcosts
$100
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Evolution of Sequencing Laboratories
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https://www.nature.com/news/human-genome-project-twenty-five-years-of-big-biology-1.18436
And field photographs, Martin Adams, GSSHealth



https://www.nature.com/news/human-genome-project-twenty-five-years-of-big-biology-1.18436

Oxford Nanopore MinION
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3GGCAATAACGTTTATGTTGGTTTCATGGTTTGGTCTAACTTTACC

Pictures from Oxford Nanopore



Process of Obtaining Sequencing Data
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Sample DNA/RNADZVDAE  Library [~  Nanopore -

iﬁ collection . extraction preparation sequencing ~ H
[Taxonomic profiling ] \

[ Transcriptome analysis J

[Functional analysis]

[Epigenome and epitranscriptome analysis]

)

\[Metagenomic assembly]

https://www.sciencedirect.com/science/article/pii/$S2001037021000714



Project “diarrhea”
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Taxon =
Homo
Shigella
Escherichia
Streptococcus
Malassezia
Bacteroides
Salmonella
Plesiomonas
Phycomyces
Lobosporangium
Kiebsiella
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Fogarty International Center

Building International Capacity for Genomic Surveillance of
SARS-CoV-2 and Other Emerging Pathogens

David J. Spiro, PhD
Director, Division of International Epidemiology and Population Studies
Fogarty International Center




Rapid Advances in Sequencing Technology have made
Real-Time Global Genomic Surveillance a Reality

* Increasing portability of sequencing

* Decreasing cost of sequencing

* Increased genomic capacity of sequencing platforms
* Improved bioinformatics capability

* Global platforms for data analysis and data-sharing illumina




FIC/JHU APL Genomic Epidemiology Training
Program

® Real-time Genomic Epidemiology Training Workshop
®Bangkok, Thailand

* MinlON Workshop — Colombia
®Santa Marta, Colombia
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Days 2-3

Days 3-8




SARS-COV2 Virtual Trainings-Pre-recorded Material

B oo §F JOHNS HOPKINS Phrylogenstic: Assigament of Mamed Giobal Outbrask LiNeeges * Ten hours of
pre-recorded
St Oxfore Nancpas LIBRY ™ ) lectures with
Construction tUt ori al S
Software
Peter Thielen JHU APL package
consolidates
Rooting a phylogenetic Tree M | n I ON’ ARTI C
iy 03 e s e network

S

*  mudpoint rooting - the midpoint of the path joming the two
mast desimdar s

Ouigroup should:

*  Be the most distanty retsted of the taxa

+  Not belong % ingroup, Bes branchad off before ingrouwp
(e.g. pxdged using a pnon trologcalipaieomalogical
rformation)

+  Ba homologous to ingroup

James Otieno FIC

software into
unified user-
friendly interface




SARS-CoV2 Genomic Epidemiology Virtual Trainings
October and December 2020 and January 2021
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MIAIG Centers of ExcelVence for influenso Research and Surveillance

128 students from 23 institutes in 16 countries




SARS-COV2 Virtual Trainings-Live Sessions

Aodd Ahed

rajaghanchi Kran gbe Yiagesuddin Khan

Agl Kalam

Pakistan October 2020

Zeba Rasmussen
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Africa CDC/Pasteur Institute January 2021



SARS-COV2 Virtual Trainings-Follow Up

. Emmanuel Lokilo (INRB/DRC) 1 55
Hi team

C generate consensus with the outputs WE have?
Peter Thiclen (Johns Hopldns, USA| )
1 The software presented in arksh

¥ Lboratory-and-sequencing

re presented in the warkshop is spechie to the ARTIC pratacal an Oxtord Nancpare plattoms

\WE prepared the library using truseg stranded total RNA pratocol with iluming Miseq. using indexes instead of barcodes .5 t possible to use

Slack Channels

Zoom “Office
Hours”

Individual Zoom
calls and emails.

Access to pre-
recorded lectures

Access to Zoom
recordings of live
sessions



Future Directions

Software development and courses targeted g«‘{ a =

toward public health labs-Pakistan

Advanced Training in Genomic Epidemiology -

Pakistan. — (Mtﬁmm
Responsible Conduct in Genomic Sciences

Training-Pakistan

Targeted Bioinformatic Trainings in Genomic é S
Epidemiolpgy for Healthcgre Professionals | s |
Future training programs in Bangladesh, India, i

Tunisia, Cameroon, Philippines

(Gkrbal commuity mmu]

Adzpted from: Gardy JL, Loman NJ. Nat Rev Genet. 2018 Jan;19{1):9-20.






