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WHAT IS DNA SEQUENCING?

The process for the determining

the right and precise order of
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nucleotide in a DNA molecule




From DNA to Sequencing
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The biue bands reprasent L__

the two sugar-phasphate
chaing

DNA Stucture Discovery

3

Pairs of bases form
honzonta connections

(Watson and Crick, 1953)

‘First generation’ sequencing

A Tale of Two Cambridges

A Maxam.Gilbert method B Sanger method

Based on DNA synthesis from a single-strand
Based on chemical degradaton of end-
labeled DNA (one strand is labeled at &' end). tempiate with DNA polymerase and ddNTPs

G: reacton with 6dGTP
G+A DMS. ppendne A reacton with adATP

G HCL DMS. pipendne T reacton with oaTTP

C+T ne, pi ne ;
¢ ; me%m C: reaction with ddCTP

Labelec products are separated by siab gel
Degradaton products are separated by
slab gel polyacrylamide gelelectrophoress. ngu Mm; Inght]“ (left) or by

GATC Desector Recorder

nnnne

Siab gel

3 “CATTT A
£ .CATTTGACCCGAG S-CATTTGACCCGAG 5-C GACCCGAG

(Maxam-Gilbert and Sanger, 1977)




Historical timeline for metagenomics analysis
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scobar-Zepeda et al. (2015) The Road to Metagenomics: from microbiology to DNA sequencing Technologies and bicinformatics

Frontiers in Genetics 6 348



SANGER SEQUENCING - 1 generation sequencing

For the past 30 years until now, the Sanger method has been the gold standard for DNA sequencing

Sanger sequencing: the dideoxy method - Chain termination sequencing
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Sanger Sequencing Workflow:

v PCR ampilification (target enrichment)
v PCR purification (primer, dNTPs)

v Sequencing reaction (bi-directional)
v" Sequencing purification (primer, dNTPs,
ddNTPs)

v" Electrophoretic run on sequencer
v'Sequencing lecture

v" Alignment to reference




The Methods

2" Generation Sequencing

Next-generation DNA sequencing
€D Library preparation l. 11 ..

e Clonal amplification

DNA
fragmentation
and in vitro
adaptor ligation

S BN

e Cyclic array sequencing 1
emulsion PCR bridge PCR
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454 sequencing SOLID platform Solexa technology
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37d Generation Sequencing

Nanopore Sequencing

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.

© One protein
unzips the
DNA helix into
two strands.

6 A second
protein creates
a pore in the
membrane

and holds

an “adapter”
molecule.
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B A flow of ions through

the pore creates a current.
Each base blocks the

flow to a ditferent degree,
altering the current
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© The adapter molecule
keeps bases in place long
enough for them to be
identified electronically.

—

In developmentsince 1995
Company: Oxford Nanopore
First working ‘development

stage’ devices (MinlON)
released to testing groups

Image source: John MacNeill, http://www2.technologyreview.com/article/427677/nanopore-sequencing




COMPARISON OF NGS SYSTEMS
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RESEARCH ARTICLE Opan Access

; :
A tale of three next generation sequencing M
platforms: comparison of lon Torrent, Pacific Performance comparison of second- and
Biosciences and lllumina MiSeq sequencers third-generation sequencers using a bacterial

2012 genome with two chromosomes

Review Article

Comparison of Next-Generation Sequencing Systems : ' & J
Lin Lin, Yinhw Li, Sillang LL Ni Hu, Yioin He, Ray Pong, Daani Lin, | \ _ -
Lihua Lu, and Maggic Law . -

Each sequencing platform has advantages and disadvantages

i lon Torrent (Life Technologies) PacBio RS
» Lower error rate # Low error rate > No amplification required
» Lowest cost per base » Medium/low cost per base » Extremely long read
» Wide range of applications » Fast run (hours) lengths (max 15000bp)
# Low startup costs » de-novo assembly

no mutation detection (diagnostic)




Next Generation SEQUENCING: Applications

What would you do if you could sequence everything?

Drug resistance Clinical genomics

- e
Pharmacogenomics Prenatal diagnosis (NIPT) = -
Pharmacogenetics . fr’ [ . Cancer genomics ﬁ Whﬂle Gennme Sequenl:"'lg (WGS)'
Higneimis i 3:“"_-;1_ FOTSnlc ganomics characterize entire genomes of any
¥ e size and complexi
amm = ety
- 9 /¥ Exome Sequencing :
J’; \ g sequence protein coding regions, as
¥ J Smaam— cost-effectivealternative to WGS
g
s RIS %
e :ﬁg}*ﬁ /¥ Targeted Resequencing:
hireaien i .—:1?'. ".-;..,,.. e .
| e = sequence specific genes or other
S pmige iy regions of interest

/¥ De novo Sequencing:
sequence and assemble novel
genomes

Metagenomics Agrigenomics
(microbiome - infectious agents)

Kahvejian et al. Nature Biotechnology 2008




COMPARISON SANGER SEQUENCING
& NEXT GENERATION SEQUENCING

| sangerSequencing | NGS______

Number of reactions Separate reactions for One single reaction for
different genes different genes
Starting material Greater amount of genomic <10 ng genomic DNA
DNA
Output Low throughput, one sample High throughput, allows
needs two separate reactions massively parallel and millions
for forward and reverse of fragments can be sequenced
primers simultaneously
Sequencing cost for full Less cost-effective and more More cost-effective and less
genomes and manpower labor-intensive labor-intensive
Read length Longer reads Shorter reads
Raw data storage Easy data storage Requires powerful data storage

(e.g. a full influenza genome of

1.4kb will result in approx.
2Gb/sample) Q
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B. Genomic RNAsg (vVRNAs)
Unii2  pg_pgpy  YUnH13
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C. Multisegment RT-PCR scheme
BNA segments —» cONA —=% dsDNA ~Size
pea™ ———xp2 2.3 kb
PE1? oy 2.3 kb
e == 22 kh
PA — =
HA 3__ ﬁ\ Er————— t_a kb
NP %—- . _ 1.6 kb
MNA N ———— 1.4 kb
NS 2 — —_— —_— 0.9 kb
- bl | b |

D. Human influenza A viruses

Year 150l
1933 N 2002
4 -

E. Animal origin influenza A viruses

ZOONoHc
Swane Awan _ Eg H1hi1 H5N1
12345687 L 8 910NL 1112N
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WHOLE GENOME SEQUENCING AI VIRUS

DISEASE INVESTIGATION CENTER WATES

Genomic DNA

Multiplex PCR products

Mix with defined quantity

Sequencing on
|llumina Miseq

Schematic Workflow for FastTarget

Multisegments RT-PCR (Zhou et al., 2009)




NGS Applications

for Pathogen Characterization in
Disease Investigation Center Wates

* Avian Influenza

* African Swine Fever

* Bovine Viral Diarrhea

* SARS-CoV-2 B. anthracis
e E. coli (AMR)
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Co-circulation and characterization of HPAI-H5N1 and
LPAI-H9N2 recovered from a duck farm, Yogyakarta, Indonesia
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| Alongkorn Amonsin

Re-emerging Infectious Dissases in In July 2014, an avian influenza outbreak in duck farms in Yogyakarta province was

Animals, Faculty of Veterinary Science,

Chulslonghom University, Bangkok, Thailnd reported to Disease Investigation Center (DIC), Wates, Indonesia, with approximately

Background and Aim: A previous study divided Indonesian bovine viral diarrhea virus (BVDV)-1 into subgenotypes
BVDV-1a to BVDV-1d based on the partial NS5B gene using strain Bega as reference for BVDV-1a. In fact, it is clustered
into BVDV-1c with strain Bega-like Australia. BVDV genotyping has been done on isolates from Jakarta, West and Central
Java, but East Java isolates have not been genotyped. This study aimed to analyze genetic vaniability and amino acid
residues in the nucleotide-binding pocket of the NS5B gene from infected cattle.

Materials and Methods: Samples were obtained from the Sera Bank originating from active and passive surveillance of

“Di igation Canter Wates 1.000 ducks died or culled. In this study, two avian influenza (Al) virus subtypes, A/
E?;k;":ﬁﬁmﬁj:“;ﬁesl duck/Bantul/04161291-OR/2016 (H5N1) and A/duck/Bantul/04161291-0P/2016
Ministry of Agriculture Indonesia, (HFMN2) isolated from ducks in the same farm during an Al cutbreak in Bantul district,
Yogyakartz, Indonesia Yogyakarta province, were sequenced and characterized. Our results showed that
Correspondence H5N1 virus was closely related to the highly pathogenic Al (HPAI) H5N1 of clade

Amensin Dep o 2.3.21c, while the HPN2 virus was clustered with LPAI viruses from China, Vietnam

cattle that had been tested for BVDV antigen from 2013 to 2017. Detection of the p80 antibody and BVDV gt ping was
carried out using ELISA and nested-multiplex-polymerase chain reaction (PCR), respectively. We defined 15 nested PCR.
products for partial sequencing of NS3B. Those field samples were selected from each location and year using proportional
calculation as a rep sample. Homological and phylog; lyses of the partial NS3B gene were performed

using BLAST and MEGA version 6.

Results: Based on the phylogenetic tree analysis using 360 nucleotides as the partial NS5B gene. Indonesian BVDV-1
isolates from Central and East Java were subdivided to BVDV-1a (p=9), BVDV-1b (n=1), and BVDV-Ic (2=5). In the
present study. the homology of BVDV subgenotype -1a, -1b, and -1c was compared to the BVDV GenBank data and found
90-93%, 93%, and 92-05% respectively with the average pairwise distance of 0.207. A point mutation was shown at R283K
of all BVDV isolates based on the sequence of three amino acid residues R283, R285, and 1287 in the nucleotide-binding
pocket as a part of the encoded RNA-dependent RNA polymerase.

Conclusion: This study revealed the genetic variability of BVDV infecting cattle in Central Java and East Java, Indonesia,
the subtypes BVDV-1a, BVDV-1b, BVDV-1c, and a point mutation at the R283K residue.

Keywords: bovine viral diarrhea virus, NS5B gene, phylogenetic analysis, point nmtation. subgenotype.

Introduction positive-sense ribonucleic acid (RNA) belonging to
Bovine viral diarrhea virus (BVDV) is an the genus Pestivirus and the family Flaviviridae [7].
i B / i 2.3 kb long. which
important viral pathogen of cattle that has spread glob- ~ 12¢ BVDV genome is about 1 g. v
ally and that causes significant economic loss to both O{gamzed asanopen reading frame flanked by 5”- and
dairy and beef cattle [1]. BVDV causes thousands - -untranslated regions (UTR) [8-10]. It encodes a
and up to tens of millions of dollars of loss per calv- _smgle polyp_rote_m of about 4000 amino acids consist-
ing interval [2] due to productivity and reproductive 1 Of proteins in the order of NH2-Npro-C-Erns-E1-
disorders in the herd [3]. Around 70-90% of infected  E2-P7-NS2-NS3-NS4A-NS4B-NS5A-NSSB-COOH.
The BVDV can be categorized into two genotypes
or species: BVDV-1 and BVDV-2 [11]. Based on
the nucleotide sequence variation in the 5" UTR [12]
and four other regions including Npro. E2, NS3,
and NS5B-3"UTR [13]. the genotypes BVDV-1 and
Copyright: Irizningsih, et al Open Access. This artie is  BVDV-2 can be divided into numerous subgenotypes.
50 Il Losnge (nep costesomonsargicamssy  Nonstructural NSSB was classified as a highly con-
by/4.0/), which permits unrestricted use, distribution, and  served gene [14] with a nucleotide length of 2.156

renrnduction in anv madinm. nravided vair aive annranriate radit

cattle show no clinical signs [4-6]. The immuno-
suppressive condition may increase both the risk of
secondary infection and inefficient reproduction and
productivity. The BVDV genome is a single-stranded

‘Veterinary Public Health, Center of

Excellence for Emerging and Re-emerging and Indonesia HYN2 (CVI lineage). Genetic analysis revealed virulence characteristics

Infectious Diseases in Animals, Faculty
of Veterinary Science, Chulalongkorn

for both in avian and in mammalian species. In summary, co-circulation of HPAI-HSN1

University, Bangkok, 10330, Thailand. of dlade 2.3.2.1c and LPAI-H9N2 was identified in a duck farm during an Al outbreak

Email: alongkorn.a@chula ac.th

in Yogyakarta province, Indonesia. Our findings raise a concern of the potential risk

Funding information of the viruses, which could increase viral transmission and/or threat to human health.

Thailand Research Fund, Grant/Award
Number: RTAG0B0012: Chulzlongkom

Routine surveillance of avian influenza viruses should be continuously conducted to

Unitversity understand the dynamic and diversity of the viruses for influenza prevention and

KEYWORDS

1 | INTRODUCTION

Highly pathogenic avian influenza subtype HSM1 (HPAI-H3N1) is
a highly contagious virus causing high morbidity and mortality in

control in Indonesia and SEA region.

co-circulation, H3M1, H?N2, Indonesia, Influenza

Africa. In addition, outbreaks of reassortant HSNX were reported

in poultry and wild birds in Europe and Morth America (OIE, 2018).
Low pathogenic avian influenza subtype HPN2 (LPAI-HFNZ]

was first isolated from turkeys in the United States in 1966 (Homme

avian and mammal species. HPAI-H5M1 became i i y of
concern due to its serious impact on animal and human health. The
HPAI-H3N1 has been reported worldwide including Asia, Africa
and Europe since the first reported in China in 1998 (Webster &
Govorkova, 2006). As of April 2019, WHO has reported a total of
860 human cases of HPAI-H5M1 in 16 countries with 454 death
(WHO, 2019b). Currently. the HPAI-H5N1 virus continues to cause

influenza outbreaks in poultry and sporadic human cases in Asia and

& , 1970). The virus did spread by waterfow] and shore-
birds in Morth America (Jackwood & Stallknecht, 2007) and has
become endemic in poultry across East Asia and Middle East with
some sporadic infections in Europe (Aamir, Wernery, liyushins, &
Webster, 2007; Guan et al., 2000; Werner, 199B). As of July 2019,
26 confirmed human cases of HYM2 have been reported in China
[Butt et al, 2005; Pan et al., 2018; Peiris et al, 1999; WHO, 2019a).
Recurrence of H¥M2 human cases has raised a potential risk of

Trarsbound Emerg Dis 2019:00:1-14, ‘wileyonlinsiibrary.com/journal/thed © 2019 Blackwell Veriag GmbH | 1
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Full-length genome characterization and
phylogenetic analysis of SARS-CoV-2 virus
strains from Yogyakarta and Central Java,
Indonesia
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ABSTRACT

Background: Recently, SARS-CoV-2 virus with the D614G mutation has become a
public concern due to rapid dissemination of this variant across many countries.
Our study aims were (1) to report full-length genome sequences of SARS-CoV-2
collected from four COVID-19 patients in the Special Region of Yogyakarta and
Central Java provinces, Indonesia; (2) to compare the dade distribution of full-length
genome sequences from Indonesia (n = 60) from March to September 2020 and
(3) to perform phylogenetic analysis of SARS-CoV-2 complete genomes from
different countries, including Indonesia.

Methods: Whole genome sequencing (WGS) was performed using next-generation
sequencing (NGS) applied in the lllumina MiSeq instrument. Full-length virus
genomes were annofated using the reference genome of hCoV-19/Wuhan/Hu-1/
2019 (NC_045512.2) and then visualized in UGENE v. 1.30. For phylogenetic



DATA ANALYSIS



DATA (SANGER SEQUENCING OUTPUT)

Results of DNA sequencing are provided in three data files — .ab1 file, .seq
file and .phd.1 file.

« *.ab1 file contains the DNA sequence electropherogram as well as
raw data and some other information.

« *.seq file is a simple sequence text file in FASTA format.

« *.phd.1 file (Phred file) is a simple text file containing bases with
quality values for each base.




DATA (SANGER SEQUENCING OUTPUT)

Raw data (data before analysis by the base caller Electropherogram (data after analysis) shows a sequence
algorithm) are data as they are recorded by the of peaks in four colors, each color represents the base
sequencer: called for that peak and there is a textual version of

recorded sequence visible:
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DATA (SANGER SEQUENCING OUTPUT)

Data analysis
When evaluating .abl files, you should first see the electropherogram and come to a
conclusion whether your data can be considered of good quality or not.

= Good quality sequencing data are characterized by:

= well-defined peak resolution (bad resolution of the first 10-25 bases is acceptable)
= uniform peak spacing

= high signal-to-noise ratios

An example of a Very gOOd quality data, e} 788 1570 238§ 3140 3925 4710 5495 6280 70658 7850 BE35 29420
A quick and very comfortable way to check L 84 167 250 333 416 499 562 665 748 83
the data quality is Quality Values (QVs). By | 2528
e ey . . 2862
definition the QV is a per-base estimate of } 2196
the basecaller accuracy. In a plain language, |2
QVs are colored bars above peaks/bases: [Eee ‘ N y
| "34 f ' : . | . ‘ A ‘ v |
| 2e MMWMM MMM |
lllllllllllllllll Lo ' ’
GCT A CTAGAG A CCCACT

€



POORSANGER DATA bl b b P L
60 70 a0 S0 100

NNNNN

Failed DNA Sequencing Reactions Excess Free Dye (“dye blobs” peaks)
________________________________________ "W e e "1 "= e i
NN NNNNUNNNBNNNN NNNCNANTNNACTN P aa B0 mnnns 00 snnenn nnnlnnalilne e
20 90 100 AAAMTAGTACT TMGGWGT T GAT AATGG G AGACGCSTGC

60
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GAACCGAGATGATGTATCCAGCAGCATGTC GAAGATCS
400 410 420 430

Short Read Lengths or Poor Quality Basecalls Primer Dimer Formation in the Sequencing Reaction



https://www.nucleics.com/DNA_sequencing_support/DNA-sequencing-mixed-template.html
https://www.nucleics.com/DNA_sequencing_support/DNA-sequencing-failed-reaction.html
https://www.nucleics.com/DNA_sequencing_support/DNA-sequencing-short-reads.html
https://www.nucleics.com/DNA_sequencing_support/DNA-sequencing-dye-blobs.html
https://www.nucleics.com/DNA_sequencing_support/DNA-sequencing-noisy.html
https://www.nucleics.com/DNA_sequencing_support/DNA-sequencing-primer-dimer.html

Data (NGS OUTPUT)




NGS : Good (lllumina) Sequence Data

@FastQC Report

Summary

@ Basic Statistics

@ Per base sequence quality

€D e tile sequence quality
@MM@YM
@ Per base sequence content
@Eer_s_e_qugngﬁ GC content

@Per base M content

@ Sequence Length Distribution

@Sequence Duplication Levels

@Ouerrepresented sequences

@ Adapter Content

Per base sequence quality

Quality scores across all bases {lllumina 1.5 encoding)
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NGS : Poor (lllumina) Sequence Data

@FastQC Report

Summary

Per base sequence quality

D sasic statistics

@ Per base sequence quality

Quality scores across all bases (lllumina 1.5 encoding)

@Eedile_aegueﬂw_quaﬂty 54 -
Qi cenionce sy sos ﬁﬁﬁﬁﬁﬁﬁﬁ_ TITTTTITTITIT T
@ Per base sequence content 30 L[
exzz== T ]|
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@Sequence Length Distribution 24 \'\
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NGS machnies

Massive amount
of sequence data

For genome analysis is cost effective, but
reagents are still expensive.

How to tackle computational challenges:
* Output files are too large
» Storage problem
* Data management and quality control

* Specialized person to analysis data






