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* Influenza virus gene sequencing

* NGS technologies and platforms

* Influenza virus NGS analysis and pipelines

e Challenges

e WHO Guidance for NGS



Characteristics of influenza virus

 |Influenza A and Influenza B

Segmented negative sense RNA genome

Highly variable surface glycoproteins
Haemagglutinin (HA)
Neuraminidase (NA)

Influenza A subclassified by HA and NA
18 HA and 11 NA types
Many subtypes exist in avian, cross-species infection

Influenza B — two lineages
Yamagata lineage and Victoria lineage

High mutation rate - Antigenic drift

Potential for reassortment between influenza
viruses - Antigenic shift, pandemic threat
H1N1pdmO09



Information from influenza genome

sequencing

e Diversity: Evolutionary trends

* New clades/predominant clades

Key Mutations: Antigenic sites, Receptor Binding sites

e Resistance markers for antivirals:

* Neuraminidase inhibitors (Oseltamivir), M2 channel blocker
(adamantanes), polymerase inhibitors (Baloxivir)

* Virus ID and Reassortment:
* Novel subtypes H5Nx, H3N2v etc



Some of the key influenza gene substitutions

Segments Example of significant Importance to virus
amino acid substitution characterisation

PB2 (polymerase basic
protein 2)

PA (polymerase acidic
protein)
HA (hemagglutinin)

NA (neuraminidase)

M1 &2 (matrix proteins 1 &
2)

E627K, D701N

138T/M/F

various antigenic sites
226

H275Y (N1)

L26F, V27A, A30V/T/S, S31N,
G34E for M2

Increased transmissibility to
mammalian
host/mammalian adaptation

Reduced susceptibility to
Baloxavir

Antibody escape mutations
Receptor specificity
Reduced susceptibility to
oseltamivir

Reduced susceptibility to
Admantene



* NGS technologies and platforms



NGS, revolution of sequencing technology

Massive parallel high-throughput sequencing, deep sequencing,

non-target specific sequencing technology

* Sequence by synthesis or direct single molecule sequencing

e Various platforms of NGS developed over the years

-Illumina, Pacific Biosciences, Roche 454, lon Torrent,
MinION



Influenza viruses amplification for NGS

* Full genome amplification of influenza viruses Multi-RTPCR
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e Partial genome amplification of influenza A and B viruses multi-RTPCR
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NGS workflow

1. Library preparation
— amplicon based: generate multi segments PCR products
— Fragmentation and adaptor ligation (bar-coded)
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NGS workflow

2. Clonal amplification Emulsion PCR
Bridge PCR
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lon Torrent



NGS workflow

3. Sequencing millions of the same short reads within each
clone

* Different NGS platforms using different sequencing methods

* Each has its own advantages and limitations



llumina Platform

Evolution of lllumina Sequencing Chemistry

HiSeq/NextSeq/MiSeq MiniSeq iSeq

4-Channel Chemistry 2-Channel Chemistry 1-Channel Chemistry
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lon Torrent platform

e Semi-conductor technology
* pH detector

A sample of DNA is cut
into millions of fragments,
and each fragment is
attached to its own bead

The fragment is copied
until it covers the bead

This automated process
produces millions of
beads covered with
millions of different
fragments

Load chip Incorporate

TS nucleotide

If the next base on the
DNA strand is
complementary to this
nucleotide, a nucleotide
will be incorporated and
a hydrogen ion will be
released

The beads are then
flowed across the chip,
each being deposited
into a well

Then the chip is flooded
with one of the four
nucleotides
The hydrogen ion
changes the pH of the
solution in
the well

To column
receiver

An ion-sensitive layer
beneath the well
measures that pH
change and converts it to
voltage

This voltage change is
recorded, indicating the
nucleotide has been
incorporated and the
base is called

This process happens

simultaneously in millions
of wells ’
technologies



MinlON platform

 Nanopore-based electronic systems for analysis of single molecules
* Capable of sequencing RNA directly
* Portable sequencer




NGS workflow

4. Data analysis

Reconstruct the genome from the fragmented reads using various of programs
* PGM Suite

 IGV

* CLC Genomics

* Geneious

e Custom made Pipeline: IRMA, FIUuLINE...

Barcode 001 Barcode 002 Barcode 003




FIULINE — a pipeline for Influenza NGS data
analysis

Step 1: Raw Data — Quality
filtering

Step 2: Run Blast

[FindSpeciesInSample.py]

Step 3: Map the reads
[GenerateConsensusGenome.py]

Step 7: Detect SNPs using
Lofreq2.
[GenerateConsensusGenome.py]

Step 5: Map the reads with bwa,
genarate a consensus genome.
[GenerateConsensusGenome.py]

Step 4: Blast — find the closest
match
[GenerateConsensusGenome.py]

Step 8:

Recover 5’ and 3’ end N’s in the
consensus

[N_consensus.py ]

Step 9: Plot the coverage graph.
[createGraphfiles.py,
generate_covplot.py]

Step 11: Move files to summary
folder.




e Challenges



Challenges

e Which chemistry/platform to choose

e Original specimens
— Host gene/other pathogens background
— Enrichment of specific target

e Defective interfering (DI) virus particles
— Partial sequences for certain genes

e Bottleneck: data analysis (time-consuming, often requires
bioinformatics expertise)

e Common problems for data analysis:
— gaps, uneven coverage, deletion/insertion detection, reference selection
— De novo analysis for unknown influenza

* A pipelineis useful, butis not the answer for everything



Read length vs Data output

Developments in
High Throughput Sequencing
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Output Range
Run Time

Reads per Run

Maximum Read Length

Samples per Run’

Relative Price per Sample®
Relative Instrument Price$
Downloads

System Overview

iSeq 100
1.2 Gb

9-17.5 hr

4 million

2 x 150 bp

1-48

Higher Cost
Lower Cost
Spec Sheet

iSeq Overview »

MiniSeq MiSeq't NextSeq't
1.8-7.5Gb 0.3-15 Gb 20-120 Gb

4-24 hr 5-55 hr 11-29 hr
8-25 million 1-25 million 130-400 million
2 x 150 bp 2 x 300 bp 2 x 150 bp

1-96 1-96 12-36

Mid Cost Mid Cost Lower Cost

Mid Cost Mid Cost Higher Cost
Spec Sheet Spec Sheet Spec Sheet

MiniSeq Overview »

MiSeq Overview

NextSeq Overview »



e WHO Guidance for NGS



WHO Guidance on NGS

* Objective:
To provide practical information and guidance to
» Evaluate and choose sequencing technologies — Sanger/NGS

* Target Audience:
NICs who are considering to implement NGS technology

* Goal:
For genetic characterisation and surveillance of influenza viruses



Main considerations

 Sample size and collection pattern
 Budget
— Initial instrument cost
— Ongoing annual maintenance cost
— Reagent/kit cost
— Other equipment cost (robotic, extra data storage capacity)

* Local technical support, stable reagent supply

* Bioinformatics expertise/support

* Reagent storage

* Resources (computational, stable power supply)



Sample size vs sequencing platform

Selecting the right sequencing approach:a guide for NICs

How many viruses does your laboratory currently sequence or would like to sequence, per year?

(Assume HA and NA genes only/virus)

0-200 viruses 200-500 viruses 500-5000 viruses >5000 viruses

N \ 4 1 W

coperperiomin | | pertornseauencoin | e aninousecorencs
.q g g $ facility or consider Use an in-housecore
profacaliniouseand {Bangerorathenyise) purchasingalowto NGS facility or consider
usinga core (Sanger or facility, or consider medium capacity NGS purchasing a high-
otherwise) facility, or purchasing a simple (e.g. Thermolon capacity NGS (e.g
sendingodtiosn Sangersequencer(_e.g. Torrents, llluminaiSeq Illumina MiSeq)
external company or Thermo Seq Studio 100 or Miniseq)
using WHO CC's GeneticAnalyser) 9
USS 20-50 000 Illumina
Sequencer cost 1 uss 0 USS 60 000 Thermo USS 100 000 plus
S 1565 000 Therm p

Bioinformatics skill level
required

Complexity + ++ +HH +H+
Additionalequipment required

(e.g. TapeStation, robotics) XA EEE

High-end computing (memory) - - ++ et

Pipelinerequired - - ++ +++

Maintenance costs - + ++ +++

+ +++



* Powerful tool for new influenza virus discovery and ongoing
surveillance in a timely manner

* High throughput for routine sequencing, cheaper than
Sanger sequencing if a large amount of viruses sequenced
simultaneously

* Bioinformatics analysis is challenging, even using a pipeline

* Evaluate and plan well if consider to get an NGS platform



