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Abstract

This protocols is part of the ANU Biosecurity mini-research project #2 "An SARS-COV2 incursion scenario:
Genomics, phylogenetics, and incursions." This mini-research project is modeled on the yearly Quality Assurance
Program of The Royal College of Pathologists of Australia (RCPAQAP), we take part in together with ACT
Pathology.

This research project is split into two major parts, identical to how the official RCPAQAP is run every year.

Part #1is focusing on the 'wet- lab' by sequencing SARS-COV2 from real world RNA samples provided by ACT
Pathology especially for our ANU biosecurity course (Thank YOU!). Here you will amplify and sequence five (5)
RNA samples per research group. You will assess the SARS-COV2 genome sequences for their lineage
assignments using online programs, put sequences into a global context, estimate the collection date based on
genetic information, and describe mutations in the spike protein.

Part #2 is focusing on the 'dry-lab' by investigating a hypothetical incursion scenario in the so-called city
Fantastica. You will combine genomic surveillance of SARS-COV2 with case interview data to trace the spread
into of SARS-COV2 in the community and into high risk settings. We will provide you with real publicly available
SARS-COV2 genome and fantasized case interviews. You will put these two together to trace the spread and
suggest potential improvements in containment strategies with a focus on high risk settings.

This protocol describes the analysis component of Part #1. The metrics you are suppose to report for each of your
samples are mostly borrowed from the official SARS-CoV-2 QAP. Don't worry if not all of these mean something
to you at the moment as we will explain them again during the prac. In case all/most of your samples have < 50%
genome coverage please also include the analysis of MakeUp for points 1to 7 and TimeMakeUp for point 8. You
can access the MakeUp data here (ANU only). Make sure to read the README file so you understand what each
item relates to.

The metrics you have to report for each of our samples (or MakeUps) include the following.

. Consensus genome coverage.

. Average read depth; You might want to include detailed read depth plots here as well.

. Pangolin Lineage.

. NextClade Lineage.

. Base pair differences relative to the original SARS-CoV-2 genome.

. Amino acid replacements and deletions in the S (spike) protein sequence.

. Evaluation if your and/or the MakeUp samples would make the QC cut-off 90% genome coverage and other
metrics that you deem important for QC. Would you 'flag' any of your samples as standing out e.g. being
negative control?

N O oo b WODN P
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8. Approximate sampling date of your sequences for month and year.

You must report the versions of all tools used in your report and the day the analysis was performed. This is
extremely important for reporting as lineage naming and such change VERY frequently during the pandemic and
any outbreak.

This protocol is applicable for week 9.

The following links might be useful for your report:

The original publication that describes the sequencing protocol is here:
https://academic.oup.com/biomethods/article/5/1/bpaa014/5873518?login=true

Original sources describing the consensus reconstruction from raw reads are here: https://artic.network/ncov-
2019, https://artic.network/ncov-2019/ncov2019-bioinformatics-sop.html, https://labs.epi2me.io/,
https://www.nature.com/articles/s41467-020-20075-6

Other websites and resources used in the protocol: https://igv.org/, https://clades.nextstrain.org/,
https://pangolin.cog-uk.io/, https://genome.ucsc.edu/cgi-bin/hgPhyloPlace

Guidelines

You must have read, understood, and follow the health and safety instructions provided in the "Overview Mini-
Research Project #2 BIOL3106/6106" provided on Wattle (ANU learning portal).

You must have signed and returned one copy of the "Student Safety Declaration Form For Practical Class Work"
before starting any laboratory work.

You must have read and understood the Hazard Sheets (Risk assessment) of all chemicals listed bellow in the
"Safety Warnings" section. These Hazard Sheets are provided on Wattle as part of the "Overview Mini-Research
Project #2 BIOL3106/6106" document.

Troubleshooting
Safety warnings

O This protocol does not require any hazardous substances or infectious agents. However, maintain a
proper posture while working on your computer.
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Before start

You must study the protocol carefully before you start. If anything is unclear post questions directly here on
protocols.io.
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Section I: Consensus genome reconstruction using Epi2Me and the 'wf-artic'.

1

This section aims to reconstruct each samples consensus genome based on the
publication here https://academic.oup.com/biomethods/article/5/1/bpaa014/5873518?
login=true and an adaptation of the artic Sars-CoV-2 analytics workflow
https://artic.network/ncov-2019

The principle steps are:

. Read filtering on quality and length.

. Aligning reads to the reference.

. Normalizing to 200x per base read depth on average.

. Trimming of primer sequences.

. Variant calling for both pools independently.

. Combining variant calls of both pools.

. Generation of sample's consensus genome reconstruction.

. Generation of QC statistics like genome coverage, average read coverage etc.

. Additional analysis like lineage calling, variant quantification, variant impact, etc.

© 00N O O b WDN P

We will run all of this within Epi2Me till step 8. The input for the Epi2Me analysis will be
the "fastq_pass" folder of the MinKNOW basecalling output. This folder contains one
"barcodeXX" folder for each barcode identified by the basecalling software.

Overall, the Epi2Me "wf-artic" workflow takes two inputs.

1. The basecalled fastq output of MinKNOW (or equivalent e.g. guppy).

2. A sample sheet in csv (comma separated values) format with the columns "barcode",
"alias", "type".

You might also want to execute this section on the MakeUp dataset if your data was of
poor quality.

Your basecalled and demutiplexed, by barcode, fastq data should be in the 'fastq_pass'
folder be in a similar to this C:\data\20230426-SARS-COV2-
MakeUpData\no_sample\20230426_1208_MN20227_A0I905_2cab113b\fastq_pass.
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fastg_pass folder with all the demultiplexed barcodeXX folders containing fastq files for
each barcode

3 We need to update the sample sheet to reflect your specific run and samples. This sheet
should be located in the same folder your 'fastq_pass' barcode folders. It should look
similar to the one below. (Done for you.)

Inget Fi-!]r Layoul Frerulss Data [P e Wi Aggd-ing
ks W t = ol
= Calibn 1 AN TEEE P BWmpTm
i 225007 - : =
 Foarmat Paindes B IS - £ 3= (=i MergnliCe
Cliptoard fa Fant a ALgnment

o POSSIELE DATA LOSS  Some featones might be lott oy pave this workbook in the comma-gdelimited

£7 - j 2

d| & | B | [ | EI E
1 | barcode allas type

2 ibarcoded] Makelp sample_1 tesi sample

3 | barcodedd MakeUp sample_2 test_sample

4 | barcoded3 MakeUp sample_3 test_sample

5 barcodedd Makelp sample 4 test_sample

& barcodeds MakeUp_sample_5 test_sample

T Ibarcndwﬁ MakeUp sample & test_sample ..I
B barcoded? Makelip_sample_7 test_sample

§  barcodeds MakeUp_sample_B test_sample

10 - barcodedd MakeUp sample_§ test_sample

11 barcodell Makelp:sample_10 test_sample

12 barcodell Makelp_sample_NegControl test_sample

13
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4 Before we start with the workflow we need to make a backup (e.g. copy of the
'fastq_pass' folder on the desktop for now) and then delete all the barcode folders we
have not specified in the sample sheet. We also need to delete all folders of barcodes we

have used but have not received any data.

A 7 | faste past
Lo &, » Thie PC » Windows (C) » dote » J0230406-5ARS-COVE-MakeUpDats > nosample » 20230426 1208 MNM2OZXT_ACHOS 201130 » fastg pois
bin A biene :
dieme barcodelt
imstances barcodel?
wi-artic_Tdéc arcedeld
B arcodeld
— harcodels
otk barcodelE
) harcodel?
wi-atic 0060 barcodens
wi-atic_540c Barcodeds
wiartic_3513 barcodell
wihantic_cSed barcodeil
RGSRGID wnclassdied
warklows B sample_shecthdakoelip.cov r~
VI ——— || sequencing_simmary.te ]
B

P Links 2 sequancing telemetry s

Fastq_pass folder after clean-up and with sample sheet.

5 Now we are ready to set-up and run the Epi2Me workflow for artic analysis.

6 Start the "Docker App" and make sure it is running.
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7

8

9

Start Epi2Me.

= epameLane

o EPI2ME Labs

EPI2ME Labs

EPI2ME Labs develops bioinformatics resources covering a variety everyday analysis needs
These workflows are free and open for the analysis of anything, by anyone, anywhere.

Latest updates

SARS-CoV-2 Midnight Chemistry Vi4 EPI2ME Labs 23.04-01 Release: Short Tandem Repeat expansion

Update Highlights of this release include updating the - ‘genolypiriq i WEhufaiseadation
Comparison of it 10 to Kit Y14 data generated by metagenamics report to our fatest fresh styling, and A post to de: ihe STR expansion genotyping
the ONT Midright SARS-CoV/-2 sequencing assay further speed improvements to wl-pore-c module of wi-human-variation.

Click the "Installed workflows" bottom.

= EPuMELabs

= EPIZME Labs

EPI2ME Labs

EPI2ME Labs develops bioinformatics resources covering a variety everyday analysis needs
These workflows are free and open for the analysis of anything, by anyone, anywhere.

Latest updates

SARS-CoV-2 Midnight Chemistry Vi4 EPI2ME Labs 23.04-01 Release Short Tandem Repeat expansion
e Highlights of this release include updating the w- ‘genotypirig i Wihufaivarlation
Comparison of Kit 10 to Kit Y14 data generated by metagencmics report to aur latest fresh styling, and A post to describe the STR expansian genotyping

the ONT Midright SARS-CoV-2 sequencing assay further speed improvements to wi-pore-c. module of wi-human-variation,

This should show "wf-artic" to be available.
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— o %
o EPIZME Labs ® - D o «
Workflows o
Import workilow &
o )
Filter by author
‘epi2me-labs eni2relab
Filter by tag wi-artic
sars=cov- 2 .
covid W
artic.
mplicor
vvvvvv
public health
n H n
10  Now select the "wf-artic".
I EPRME Labs. - -} x
o EPIZME Labs _ 5 ol -3 &

wf-artic ...

Overview  Launch  Readme

Run the ARTIC SARS-CoV-2 methodlogy on multiplexsd MinlON, GridiON, and PromethiON data.

Workflow history

Run this workflow

) e

Use demo data

Manifest

[ =

10.1 Site note. Also consider reading the "README" section to get more background for your
report.
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< ot - 8 x
o EPI2ME Labs ~ b ko) ] «
wf-artic ... ———

ARTIC SARS-CoV-2 Workflow /7
This repasitory contains.a peatlan vorkflow for g the ARTIC SARS.CaV-2 workflow an muftplexcd MnlON, GridiON, and PromethION run

Introduction

SARS:CoV-2 MidniohL Analysis
Midnioht Scheme Update

Quickstart

1" Now we are ready to set up our "wf-artic" specific to our samples and wet-lab protocols.

= umeL - B x

o EPI2ME Labs ~ b ko) ] «

wf-artic ... e ) i

Setting up your run

To begin your workflow run. enter your dataset and customise your parameters using the form
below. When the launch workfiow button activates, you are ready to go!

© Input Options .

12 Tell the program where to find your 'fastg_pass' folder.

Similar to "C:\data\20230426-SARS-COV2-
MakeUpData\no_sample\20230426_1208_MN20227_A0I905_2cab113b\fastq_pass".
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= oL - 8 x

o EPIZME Labs i3 -~ ko) £ -

wf-artic ... S

B
Setting up your run

To begin your werkfiow run. enter your dataset and customise your parameters using the form
below. When the launch workfiow button activates, you are ready to ot

@ Input Options

v
Farameters for finding and handiing mpot data for snayis.
Fastq
FASTQ fies to use I the analysls. Expand
& o ‘i Datatnc. {205N20227A01905  2cab 11 3bAfast_pass )
Analyse unclassified
Anslyse unciassfied resds from input directory. By default the woriiow udl not process reads inth uniacsified dirsctory. Exgand
Ready for launch € Launch workfiow

[« R —

13 Now set up all the other fields.

= oL - B8 x

o EPIZME Labs ~ -~ o) £ -

© Primer Scheme Selection

v
Reterence gz ted fles and options requied for the warkfiow
Scheme name
Primar schame name. Exgnd
SARS-CoV-2
Scheme version
Custom scheme
PN 1 custom schen
B Enteravalue o
© Sample Options =y
Parameters that relste o e 25 ample shests and sampe names.
© Reporting Options &
Ready for launch € Launch workfiom

[ p——
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= oL - 8 x

o EPIZME Labs i3 -~ ko) £ -

Path to a custom scheme. Exgand

W Enteravalve o

© Sample Options o

Parametars that relate o <a

Sample sheet

ACSV fie used barcod . i @ata s 2 directory containing sub-directories with FASTQ fles. Eipand

Sample

A single sample name far non-multiplexd data. Pamnissible i pasting 3 single fastalgs) file o directary of asiey.ga] fies

Entera value

@ Reporting Options A

Options contralling 1eport outputs

© Advanced Options A

Actvanced epticns for configunng precesses insice the workllow

Ready for launch € Launch weckfiow

[ RS-

= paMeLas - 8 x

o EPI2ME Labs L. - ko] = «

Report depth

Min_cepith fos percentage coverage. (eg. 85% geriome coversd at > “report_Gupth)

20

Report clade.

Show results of Nextciade analysis in report

Report coverage

Shaw gename coverage traces in report.

Report lineage

‘Show results of Pangolln analysis I report.

Report variant summary

‘Show variant information in raport

Report detailed
‘Shisw extra plots for detailed batch analyss.

[ Ee—
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= oL

o EPIZME Labs i3 5 ko) £ -

© Advanced Options

v
Advinced op1ions for confguting proces:
Artic threads
Numbar of CPU thrasds to use per artic sk, Expand
4
Pangolin threads
Number of €PU thread 1 use par pangolin tack. Evgand
4
Genotype variants
Rep yping Information for sehemss known variants of interest, sptansly provida fl path 32 argument.
List schemes
List primer schemos and exit without runing analysis
Min len
Minimum read length (defauit: set by schero)
Ready for launch € Launch workfiow

[« R —

14 Hit the "Launch Workflow" bottom.

= oL

o EPIZME Labs ~ b o) £ -
Max softclip length

Remane

Update data

Update pangolin & Nexiclads data at runtims.

Pangolin options

P

to PangoR, s e this ™-anslysis-mode 1301 —-minlength 26000°

Nextclade data tag

avalue
Normalise
oep fox deth
200
Medaka model
Madoka Expand
1941_min_fast_variant_g507 v _/

Ready for launch € Launch werkfiow

[ p——

15 Now all should be running smoothly.
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: EPIZME Labs . - R . \
modest wilson e i
® Running esine st 1032
L ° 4 ;

Stop Instance

Instance outputs

Instance parameters

... and this after 2-5 minutes.

= ML - B

o EPIZME Labs ® b D o «

modest_wilson

® Running esitme st arte 032

Worldiow logs

5160

Invocation logs

16 If all goes well... you will see the following complete screen in about 45 minutes.
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o EPI2ME Labs

zealous swartz

® Completed smiznsubamtarc 0325

Instance outputs

17 Now you can open the instance output by hitting the following link at the bottom of the

page.

= e Lans

o EPI2ME Labs

Instance parameters

Delete Instance

1T

—

e D

Open Instance

18  This will open the folder of your specific workflow instance that also contains your

"output" folder.
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Open Instance

[ R

19 This "output" folder contains LOADS of data. The most important is the
"all_consensus.fasta" and the "wf-artic-report.html". We will also make use of some of

the other files.

AN Siclogy + epilmelibs » instances » wi-afie DI20cERN- 21645 B0 TIORIEN » gt

Now rename both files with unique and sensible identifiers for your group and share it
with all the RG members.

20 The "all_consensus.fasta" contains your consensus genomes for each sample and the

"wf-artic-report.html" looks like this. We will go over both in more detail during the prac.
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o prysingascun | x | [ rce x| B Severesce x| @ Nessce x| © conun X @ SESCon2 AT sequcng X | v - 8 x

SARS-CoV-2 ARTIC Sequencing report

Results generated through the wi-artic Nextlow workflow provided by Oxford Nanopore Technologies.
N.8. The versions of pangolin and neiciade are indicated n the footar of his report Bocauss of the fast moving natue of the pandemic these versions may
ot be the mast recent, but we chéck dal for new versions. More details are provided here

Read Quality control
This saction displays basic GC metncs indicating read data quality.

[« | —

Snap shot of html summary report

21 We will use the "all_consensus.fasta" for most downstream analyses. It contains the
consensus fasta sequences of your genomes.

Second lI: Visualization whole genome alignment and principle steps 2-7 of section |

22 You will use IGV to look at one of your read sets mapped against the reference genome
to get a better understanding of the "raw" data.

23  OpenlIGV.
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24 Select "Genomes" > "Load Genomes from File.." and add the "MN908947_3.fasta"
reference shared here (ANU only).

aal e
Fie | Genorees | Vies  Tracks Bogions  Tools  Hep
v Roed Genome from File...

Load

S

Lizad o FAS i or genome file...

Frrmee Ginmemes

protocols.io | https://dx.doi.org/10.17504/protocols.io.14egn2kp6g5d/v1 May 1, 2023 19/29



https://anu365-my.sharepoint.com/:f:/g/personal/u1009125_anu_edu_au/EiV3c6BeLO5Ko5cqIoaUQ90Bn_FBxskMHkm8V0MWNrLo-Q?e=Luck0Z
https://www.protocols.io/
https://www.protocols.io/
https://dx.doi.org/10.17504/protocols.io.14egn2kp6g5d/v1

@ protocols.io Part of SPRINGER NATURE

o

¥
a8l Lead Genome

- Lok | | ToSnare

* Hame
| MIMNG08%T 3 fastatat
Cick acceas

L
Desktop

Lshraries

=

Thiz PC

"
Metwork

Fie ram | MN902847. sttt

Fis of bype.

A Fles (']

.| @& > @-
Cate medsfied
30/04/2003 %05 AM

[ open |

Type
Text

The file can end in ".txt" or better ".fasta"

25 Drag and drop the "MidnightONTv3.primer.bed" into IGV to illustrate where your primer

sequences bind.

“
Fie Genomes View Tiads Regoms Took Wep
R < oy o o @& 4« r @O X P | =] KRN iz
T
o = ¥
L I ! L
[r——— 1 [0 [ " W o " [ W woon on W w wown [ [ [0 T i
BABT  nCeORIUT  aCRSALINT eI GOSN nEWROWILLITT Aol nCOEENeIE AT EO ARFT nEWRRIOLEIT ) a0 24 03P ncoiDe 28 LT

< - ESD-USBID) + Tashwre

 Cuick access

PR | MidaighaONT3 primesbed.
" NSRS Lot ot
& Dotinels HNSOESAT S laeth
& ptures

futaposs

ResRg10

Seapepreicts

%

TN
P Type here to search
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Epi2Me here (ANU only) or from your own dataset.
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You can zoom into certain regions e.g. the S-gene 21563-25384 to see how the reads
are different to the reference via the different colored bars in the grey area labelled with

variants in the picture above. There is loads more to explore. Ask if you have any
questions.

Section lll: Nextclade for lineage calling, QC measures, amino acid substitutions
identification and so much more

28 We will use Nexclade https://clades.nextstrain.org/ to get some quality assessment
metrics, lineages calling, number of mutations, and much more.
) Canit vie emghysring aspath | % | [ Donnioads llntegrative Genco: X | ) Severe acute respisiony syndos | €D wharbSARS CoVe2achemebe: X @) Nesiciade x + v - o
Nextclade
le assignment, mutation calling, and sequence quali
Select a pathogen
SARSCND
i*‘ll‘a‘nk‘ey‘pox [A‘;\C\ad‘e_s_}." .
évyﬁsfthpfv) )
For more advanced use-cases:
ﬂpv,p -
29

Open the webpage https://clades.nextstrain.org/, select SARS-CoV-2 and drag and
drop your consensus sequences into it.
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Pretty please!

Bl 2 o
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Nextclade

Clade assignment, mutation calling, and sequence quality checks

Selected pathogen

Change
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Provide sequence data : =)

Drag & drop files

For more advanced use-cases:

G e & ¥ OQ

.!; Nextclade & Ciitlon  mDoG o Settings ‘ O
Nextclade
CiC 2
Clade assignment, mutation calling, and sequence quality checks
B 1 = oo
Selected pathogen v B s B ol
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© Customize dataset files

Provide sequence data

-
et jean

e mgle Zpsssramedsctae
Drag & drop files *

<y G
vl Spssnamedct gt "
whanic 4913 sample_3 primetrimmed.1g.soted o "
ARt 3 rmetsmanas s o
p—— 3 sampie 4 passnamed et g
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o 85
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1 sectod 296 B

For more advanced use-cases:

4 primantrinmed 5 soned bam.
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o E B eersa oy s | €) wr e © + v - 8 x
€ 5 C & cadesnesanerg swe® TODE
® e

Selected pathogen

SARS-CoV-2 - Change
© Customize dataset files
/) 7~ s data you've added
[ k‘:"' - equence data you've adde
( JI consensus.fasta (3040 KB) x

- - e
i 7 < ﬁmo‘;seuuence data Ak U R

For more advanced use-cases:

Nextclade CLI Nextalign CLI Nextstrain
o jessic

nment and transiation

our parent project. an

open-source

[ -

Thanks!

30  Thisis an example of a good Midnight consensus sequence set.

00Qee0 xeEL71 7| o0 %m 2 | 0 | o o
000e60 = i w | o % ® | o | o |om
00000 = Az ok | 02| o | M |wm| @ | o | o |on

31 This is an example of a not so good Midnight consensus sequence set.
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4&”

1.,.,"*;%.# Ahil

32  Explore the results page to get to the following:
1. Pango lineage assignment.
2. Genome coverage.
3. Number of mutations relative to reference.
4. Number of Ns.
5. Gaps.
6. Changes to the amino acid sequence of the S protein.

33 Make sure to download your samples via the Download dialog in the "TSV" (tab
separated values) format. You can import this into Excel later.
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Download results

Ask question during the prac for anything that is unclear.

Section |V: Pangolin lineage assignment

34 Let's assign the latest lineage designation with Pangolin.

Navigate to https://pangolin.cog-uk.io/.

protocols.io | https://dx.doi.org/10.17504/protocols.io.14egn2kp6g5d/v1 May 1, 2023 26/29


https://pangolin.cog-uk.io/
https://www.protocols.io/
https://www.protocols.io/
https://dx.doi.org/10.17504/protocols.io.14egn2kp6g5d/v1

@ protocols.io Part of SPRINGER NATURE

0 prysmngaspan. x| [ O TR Y ———————_ . x x| @ sascovz

€ 5 C @ pangoimcagukio s e w DX

Pangolin COVID-19
Lineage Assigner

Global Outbreak LINeages

You can upload ane ar more sequences by dragging and

ot fasta fle

(mut)fasta file-of cli

ing 3 {multiasta file.

n assigns lineages to COVID-19

DyagHng diop feca il es based on the methodology described In this

Select fasta file to upload
Ta e able 10-assign lineaf

data as well produce 3 phylo

tore and rganise your
om multiple SAR:

The source code can be foun

prm——— ol

Pangolin esion 4.2, pangole i vesion v1.19 s bult by A I, Vs, Eriy nd Adren. web Appcaion by QRGP ST 01 Senommic s on (@8

LIMB

€ DATA

[ R —

Drag and drop your sequences, start analysis, and hope for the best.

Step V: Use Usher to place your samples into a global context and see its closest
public neighbor.

35  Navigate to https://genome.ucsc.edu/cgi-bin/hgPhyloPlace.

) Cont ne empty g s patn 3¢ | [ cwmlonss | stegrtue Genar x| [B) Sevrescte resprmtoy e | ) Nextade x| @ we

« X @ genomeucscedu/egit

]

UShER: Ultrafast Sample placement on Existing tRee

Place your sequences in a global phylogenetic tree

orpaste in sequence namesiDs

: = —

Upioad | | Upioad Example Fike | More' exampie files

More information

5, SARS-COV-2 gefiome sequences and metadata afe

Privacy and shafing

46 i 1ininadt Prntactos Woaith Infnrmafinn (PHIL
s s 3034l 3

:
[ R —

36  Upload your sequences
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UShER: Ultrafast Sample placement on Existing tRee

Place your sequences in a global phylogenelic tree
(EaREGovzy)

‘Seiect your FASTA. VG o st of sequence namesnDs: [ Gno

Choose your pathogen

or paste i sequence names 105

Phylogeneic tree version-

Wil newrer sequences aded by USHER
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P Type here to search

37 Explore the webpage for results including:
1. Neighboring sample in Tree.
2. That " samples deposition date.
3. Subtree of each of your sequences.

o o x | B x| x| @ nencace © cosux X | @ sarscor-2 AR seauences x| [ UCscusnR sesus x|+ v - 8 X
€ 5 C @ geomeucceduegbmhgPyorica 6@ ® O@
@ Newtis

UShER: Ultrafast Sample placement on Existing tRee
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38  Ask questions in during the prac.
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