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SARS and COVID-19

® Jif X (pneumonia):
— Severe Acute Respiratory Syndrome (SARS), 2003
— Coronavirus disease 2019 (COVID-19)

® SARS vs. COVID-19

— SARS was more lethal than COVID-19, 10% of
people infected with SARS died.

— There were no asymptomatic SARS patients.
however, COVID-19 patients sometimes without
symptoms, and spread faster.

A. Normal lung B. Lung with ground glass opacity



A COVID-19 Patient

- 3 symptoms ) Hospital

. A_5(_)-¥ear-0|d man WaS admltted to a B Momdicatiarrs T':';'.::LI: Fever clinic Day 1 Day 2 Day 3 Day 4 Day 5
clinic in Hong Kong on Jan 21, 2020. Dayof liness : 0 m T

® Symptoms of fever, chills, cough, covan
fatigue and shortness of breath. Chills

® He traveled to Wuhan Jan 8-12. Feverto)

® |nitial symptoms of mild chills and e |
dry cough on Jan 14 (day 1 of illness). orirsnflsat |

® Did not see a doctor and kept working : ... i |
Unt” \January 21. Maoxifloxacin |

® Chest x-ray showed multiple patchy — it DN DR |
shadows in both lungs. Interferon alfa-2b physicochemical inhalation |

® On January 22 (day 9 of illness), pp— |
confirmed by reverse real-time PCR et [A85 2| e e d
assay that the patient had COVID-19. oy | e | X wray 1831 morte

Jan B-12 Jan13 Jan 14-19 Jan 20 Jan 21 Jan 22 Jan 23 Jan 24 Jan 25 Jan 26 Jan 27

Figure 1 Timeline of disease course according to days from initial presentation of illness and days from hoespital admission, from Jan 8-2T, 2020

Xu Z, Shi L, Wang Y, Zhang J, Huang L, Zhang C et al. 2020. A Case Report: Pathological findings of COVID-19 associated with acute respiratory distress
syndrome. Lancet Respiratory Medicine 8:420-22, https://doi.org/10.1016/52213-2600(20)30076-X 5



https://doi.org/10.1016/S2213-2600(20)30076-X

Sequencing approaches for SARS-CoV-2

Article

A new coronavirus associated withhuman

respiratory diseasein China Article
’ 4 A pneumoniaoutbreak associated witha

new coronavirus of probable bat origin

https://doi.org/10.1038/s41586-020-2008-3  Fan Wu', SuZhao?’, Bin Yu®*’, Yan-Mei Chen"’, Wen Wang*’, Zhi-G

Recelved:7 January 2020 Zhao-Wu Tao?, Jun-Hua Tian®, Yuan-Yuan Pei', Ming-Li Yuan?, Yu-Li
. y Yi Liu', Qi-Min Wangd', Jiao-Jiao Zheng', Lin Xu', Edward C. Holmes

https://dol.org/101038/s41586-020-2012-7  Peng Zhou'®, Xing-Lou Yang'®, Xlan-Guang Wang®®, Ben Hu', Lel Zhang', Wel Zhang',

Recelved: 20 January 2020 Hao-Rul 5i*%, Yan Zhu', Bei LI', Chao-Lin Huang®, Hui-Deng Chen?, Jing Chen'?, Yun Luo™,
: ¥ Hua Gueo", Ren-Di Jlang™, Mel-Gin Liu*®, Ying Chen', Xu-Rul Shen', Xi Wang"?,
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® 20204F# B B K 5 5 K m & Aot o0 B A AT & L U iR it iT 7
MNGSM B, Kz 7T —H#HFBEKmE (Coronavirus)

OMRIERELARNEYEZLE T O AIN, ZRELARNAEREBEAARAGREAEEL R
nfuf 22 54 (SARS-like) K sm A& A B 48948000 532 89.1% .,

o A mENALRABFI M ARFTOGHZIEEAEREL, dof i 5359
JE A B AR M XA & IT A, RARIEH DR F &G 8RR 75 AT B AT R F



The Coronavirus genome

® RNA virus (single-stranded, positive-sense)
® Linear genome = ~30,000 nucleotides

® 11 coding-regions (genes)

® 12 potential gene productions

0 7500 15000 22500 29903
| i | } | ; | } |
ORF1a Spike Membrane

ORF1b Envelope  Nucleocapsid

Spike (S)

Membrane (M)




A CLOSE UP OF THE VIRUS

Viral spikes target angiotensin converting

W% % = —TIRNA R & enzyme 2 (ACE?2) receptors—found in
ShRERRIRRASER, HABERELEEE (RBD)
lung pneumocytes Il (for one).
SHE BHEaE

- (RBD)

A

BERNA

SHR




The Life cycle of SARS-CoV-2

The life cycle of SARS-CoV

@ Maturation

\ : TMPRSS2
ACE2 Cytoplasm
receptor
@ Entry

\ Release

Replicate-transcriptase
complex

Endosome
‘ Pre-genomic RNAss(-)
8
e~ - _~_AAA uuu

,

® PO Iyp rOtel n @) Transcription \@ Replication

Assembly

® Protease

Subgenomic RNA(+)

1 (2 Uncoating

AAA
a A~ AAA \
Drop of pH I aAnAAAAA
e AAA
Genomic Poliproteins
RNAss(+) e (® Translation - o
- 3
— 8 % l

. (3

() Translation = 1 .‘ ", r % (2

\ : o %
= »
Ribosome Sramn  OUmnE . G . ST . SUN . sy—" » @@@
7 N N »
AAA / UCIous NORARTE VISUAL SCENCE (WWW.NORARTE ES)
IGNACIO LOPEZ-GON MICROBIOBLOG) UNIVERSIDAD DE NAVARRA

https://upload.wikimedia.org/wikipedia/commons/c/ca/SARS-CoV-2_ciclo.svg



Virus proteins and vaccine

BEEEREEN— o EQRBMHER), o REIIE > £,

SARS-CoV-2 Vaccine Approaches

Coronavirus
Weakened Inactive

12
» ’

"2 . - -

- - - -

- - - -
P -
e .
F BN

Py -
rFy ;’ ,\" .g :

’ DNA/RNA

Non CoV Vectors
Replicating Non-replicating

A\
. ““\\\\“ DNA Plasmid  RNA Message
\0 '4;{::/‘"‘ q‘ S Py ;/_&
: - :_ & - _;.“)v'
. o
L &) 2 \ Proteins
At Protein Virus-like
> A Subunits Particles
AS
4." *

® MR
— RNA vaccine
(Pfizer, Moderna)
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20083 Heli 20125 2016%F Roche
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L ERANF(Whole Genome Sequencing)

® & 5 (RESEQUENCING): 3 Freadstbst #) £ A F 40, % & %4E £ %,
® )\ 5k 28 % (De Novo Assembly): 5] 5 reads 4 a4 3 345 mx 25 B 28,

//é/ . Next—generegn
Genomic DNA DNA sequencing
RESEQUENCING
H

Align reads to reference genome
and identify variants

...CATTCAGTAG... ...AGCCATTAG...
...GGTAGTTAG... ...GGTAGTTAG...
...AGCCATTAG... ...GGTAAACTAG...

Millions-billions of reads
~30-1,000 nucleotides

De Novo ASSEMBLY

Construct genome sequence
from overlaps between reads

13



= FB N o

® XL TEIR(A)
o +HRFHE48%(B)

A Hierarchical shotgun sequencing

(NIH approach)

Genomic DMNA
¥
Construct large ——— ———
insart |'||:ﬂ'EI|'!||' _— e
{‘,1?5 H:l] ——
_—
Determine — v
minimal set ——
ml.rering whole — —
|

Qenome

y Assembly

CTEE GG TGO TG TOARCAT TG TGOAAC GIAGTATTACCTAT

Genome sagquence

B whole genome shotgun sequencing

(Celera approach)
Genombc DMNA
L}
Construct —_—— o= =
sholgun library Sa=mm e = =

(inserts 3-5kb) == gy

OO0

Sequence /17N

insert from
both ends
Assembly using
paired-end data Y r vrr
. = e = > — —
-+— +— -4— 4
— 4+ 4— 4t e 4 4 T

Ganome sequance

Gauthier, et al., 2018
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H 53 fEEF(contig-based)HYTRER

SR G AT B BK I A BLJLT-JLE Kb), R 7 F AR e R &K A B
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Shotgunill &g —F%HVZHZ<

o FHRRIFIE: ERMNENFI/NERFIHRILESHINFE, ReioXERMILE
FRHIPFHRESR,

Multiple identical
copies of a genome

Shatter the penome
into reads

Sequence the reads AGAATATCA| |TGAGAATAT| |GAGAATATC

Assemble the
genome using

overlapping reads TGAGAATAT
¥ & @ TGLFE.G_'T‘EEILT?L&T[::LTIL - o @



B i/EZﬂIiﬁﬁEﬂcE’J%lﬁﬁDNA

IR a*ﬁ% KU ER1.6~2.0KbRY X Ex . ZEfe

—_— 7 aro:ev:rioussizes l,
‘ M BB Erhy 34k
1

LANEz D émi;ers l
*5 = PA=| \
17 i A1 kAL 19687 5e 13 1728643 2K M 7,45 2 ] 52 7
—S = DA fmamens- 7711 631 485 bp
l repare a clone library l

1
dll

PRI B ETERAEE VIR VIR ESE,




Shotgunilll 33| RJRR 2

o RABNERAENK (>1M), MmERREEME— 150089/ F#r(read)
@ O : UARIEreadikEEIAITE?
o LY 1048XZ, EFMBEYARIREMS00NMNFZBAAGRI/NKSE, 18 B[IRXA—H/NES,

{REEIEEHH X2 RNG?

o R} ESiA: HamiltonFlEulerigfz Repest Repet Repest
o (BEEPL ! @ e
(b) ] —
o

(c) - o\ (d) i



HiziaIR: RepeatBVFL

Repetitive DNA\
- — \ — DNA

| E—

500 bp “ 500 bp ‘

e R —— —

____#_

— Fragments
GATG CATTA... { GATTAGATTAGATTA. .. S
...GCAGCCAATGC ...GATTAGATTAGATTA equences
e e . . )
Overlap Incorrect

overlap



= RNAEEEF5 N RS

AR I e AT 3 I A
K, BN KAE
FP 51 0 1 A i

WMl F=Paired-End Sequencing

I |/
LN
Genomic DNA
Fragment(200-500bp)
—

Z1=>

Ligate Adaptors

SP2 A2
Generate Clusters

b

# FLOWCELL

l Sequence First End

~
A2|E

Regenerate Clusters and
Sequence Paired End

. — A1 E‘

Figure 1-2-1 Pipeline of paired-end sequencing (www.illumina.com)

IR FEMate-Pair Sequencing

0.6 - 25 kb fragment

%m.b...

C ircularize molecule

| E rich for biotin
labelled fragments

Wﬂw and primer T

1

T PR Sequence the fragments

1

wm has been sequenced ?
—

not sequenced insert with known size




= RHEEFHNFRE

fEE =fUNFRANED, ERENF—

DNA

Library

Short reads

Assembly

NGS

Adaptor
< 300bp inse / \ \

D I DN DN D N D
= N N N e I

o

DNA

Library

Long reads

Assembly

BEXA-—R=RAE

M 7 RS

TGS

PacBio SMRT sequencing

Polymerase

1;

1 kb to > 100 kb insert

ONT sequencing

Motor protein

L

1 kb to > 4 Mb insert

[ |

Chen Z, He X. Application of third-generation sequencing in cancer research. Medical Review. 2021 Dec 1;1(2):150-71.
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Genome Assembly




De novo Assembly

@ NGRLE: B/ IAEAR R, BHE —F TGN B R

® A K 283K A
— The bigger the pieces the easier to reconstruct the puzzle!

>NC_045512.2 Severe acute respiratory syndrome coronavirus 2 isolate Wuh
complete genome
ATTAAAGGTTTATACCTTCCCAGGTAACAAACCAACCAACTTTCGATCTCTTGTAGATCTGTTCTCTAAA
CGAACTTTAAAATCTGTGTGGCTGTCACTCGGCTGCATGCTTAGTGCACTCACGCAGTATAATTAATAAC
TAATTACTGTCGTTGACAGGACACGAGTAACTCGTCTATCTTCTGCAGGCTGCTTACGGTTTCGTCCGTG
TTGCAGCCGATCATCAGCACATCTAGGTTTCGTCCGGGTGTGACCGAAAGGTAAGATGGAGAGCCTTGTC
CCTGGTTTCAACGAGAAAACACACGTCCAACTCAGTTTGCCTGTTTTACAGGTTCGCGACGTGCTCGTAC
GTGGCTTTGGAGACTCCGTGGAGGAGGTCTTATCAGAGGCACGTCAACATCTTAAAGATGGCACTTGTGG
CTTAGTAGAAGTTGAAAAAGGCGTTTTGCCTCAACTTGAACAGCCCTATGTGTTCATCAAACGTTCGGAT
GCTCGAACTGCACCTCATGGTCATGTTATGGTTGAGCTGGTAGCAGAACTCGAAGGCATTCAGTACGGTC
GTAGTGGTGAGACACTTGGTGTCCTTGTCCCTCATGTGGGCGAAATACCAGTGGCTTACCGCAAGGTTCT
TCTTCGTAAGAACGGTAATAAAGGAGCTGGTGGCCATAGTTACGGCGCCGATCTAAAGTCATTTGACTTA
GGCGACGAGCTTGGCACTGATCCTTATGAAGATTTTCAAGAAAACTGGAACACTAAACATAGCAGTGGTG
TTACCCGTGAACTCATGCGTGAGCTTAACGGAGGGGCATACACTCGCTATGTCGATAACAACTTCTGTGG
CCCTGATGGCTACCCTCTTGAGTGCATTAAAGACCTTCTAGCACGTGCTGGTAAAGCTTCATGCACTTTG
TCCGAACAACTGGACTTTATTGACACTAAGAGGGGTGTATACTGCTGCCGTGAACATGAGCATGAAATTG
CTTGGTACACGGAACGTTCTGAAAAGAGCTATGAATTGCAGACACCTTTTGAAATTAAATTGGCAAAGAA
ATTTGACACCTTCAATGGGGAATGTCCAAATTTTGTATTTCCCTTAAATTCCATAATCAAGACTATTCAA
CCAAGGGTTGAAAAGAAAAAGCTTGATGGCTTTATGGGTAGAATTCGATCTGTCTATCCAGTTGCGTCAC

.fasta consensus genome



= SPSHER Sy

® De novo assembly: without

reference sequences

TCCGAACTCAA
— WE—MFRFRIERZE — | ACCGAACTCAA
| " TCCGAAGCCAA .
® Reference-guided assembly: with ACCGAAGCCAA R ?

TZRIESHNAR
reference sequences

- WFFEIERIR (M) REREA

— MFFEEEmappingZl&E& &y L,
HEN e sERERH

‘<

— | TCCGAACTCAA
A RIESNHR

ZRFIATIESFI A BRAK

24
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FENFGE

Human Genome Sequencing /[\A% Qﬂ;‘ﬁ"]ﬁ

Generating a Person’s
Genome Sequence
(e.g., Circa ~2016)

Generating a Reference
Genome Sequence
(e.g., Human Genome Project)

N\ e (
Break genome into “( S ¢ 2 )
large fragments and - e
insert into clones o J / < J
o
y
Order clones e S —
—
~ . T~ ‘
Breaklindividual g 7, Y ~- » L
clones into s R
= ,
small pieces LW\ - Y -
& - ‘ - -
- E 3 = -
Generate thousands  mmm " " E——— "
- - - - - - -
of sequence reads - = =
and assemble
sequence of clone J’
Assemble sequences e
of overlapping clones
to establish

reference sequence
Reference Sequence

- ~ -
> » P
L oo , & = A, o Break genome
ATy % A : 4
— T \ Nt~ “wsd into small pieces
>
\ & & 7 1  Ean
S\ . » )..«‘l.. e -
- A = —
> - = -

Generate millions

.. .TATGCGATGCGTATTTCETAAA. ... of sequence reads

— "
— - g S— -
= o = - o— =
- — — ——
e Align sequence reads

to established
reference sequence

Reference Sequence

Deduce starting
sequence and identify
differences from

reference sequence

https://www.genome.gov/about-genomics/fact-sheets/Sequencing-Human-Genome-cost
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De novo assembly

Genome

Reads f_— _=__ ::_— ___

Contigs — ————————

Scaffolds — —— —— —
A 4R A

® Reads: i/, Bpal 5 = A 6455, d@w —Kegreadsizs kA —F A4, = ogreadsAs x-
B4, FHL2Lgbp, =K egreadsix KA LT 5 JLrbp=a);

® Contig: & &%, A Freadsx |a] sgoverlap X R BHIE A& 69 % 42 7 51 o

® Scaffold: 3% #3contigdz BB — 2R 5 #= 75 &) 28 mxscaffold, R F]contig= 18] if A = #:(Gap).



De novo Assembly: TAEEESE/faZHE]

® Gap filling and assembly polishing
® Draft genome (32 H): 90%
® Finished genome (#4548 ): 99.99%

Reads

l Assemble
Contig

SCience Current Issue First release papers Archive About v I:/- Submit mz

l Assemble contigs to scaffolds

HOME > SCIENCE > VOL. 376, NO.6588 > THE COMPLETE SEQUENCE OF A HUMAN GENOME

o] SPECIAL ISSUE RESEARCH ARTICLE HUMAN GENOMICS -F ' in g? % <] :‘|NNN?“ Sca“°|d
Contigl Contig2

The complete sequence of a human genome
l Gap filling

SERGEY NURK , SERGEY KOREN , ARANG RHIE + MIKKO RAUTIAINEN , ANDREY V. BZIKADZE , ALLA MIKHEENKO,

MITCHELL R. VOLLGER ,NICOLAS ALTEMOSE . LEV URALSKY , [.] ADAM M. PHILLIPPY +91 authors Authors Info Scaffoldz
& Affiliations

SCIENCE - 31Mar2022 - Vol 376,Issue 6588 + pp.44-53 - DOL: 10.1126/science.abj6987 l I

‘ Long sequence cluster and assembly

Chromosome




De novo AssemblyfIiRFhE FHE A

®Overlap-Layout-
Consensus (OLC) —
75 B —
— Phrap

— Newbler
— Canu

®de Bruun graph(DBG)
— 1

- SPAdes
— Velvet

— AByYSS

(a) Overlap, Layout, Consensus assembly

(i) Find overlaps

. ” .

[ Readl ] [ Read2 ] [ Read3 ]

N, R

(i) Layout reads

ead2

)

(i) Build consensus
CGATTCTA
TTCTAAGT
GATTGTAA
CGATTCTAAGT

(b) De Bruijn graph assembly

(i) Make kmers
Readl: TTCTAAGT Read2: CGATTCTA Read3: GATTGTAA

Kmers: TTC Kmers: CGA Kmers: GAT
TCT GAT ATT
CTA ATT
TAA TTC TGT
AAG TCT GTA
AGT CTA TAA

(ii) Build graph

SACACN . .A 'AGT ©
G A
() () ()
(iif) Walk graph and output contigs

S S S e

CGATTCTAAGT

(5] ©Ayling et al., Briefings in Bioinformatics, 2019)
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de BruijnEBl&% — K-merifkEiE

Primer ‘ Published: 08 November 2011

How to apply de Bruijn graphs to genome assembly

Phillip E C Compeau, Pavel A PewznerB & Glenn Tesler

Nature Biotechnology 29, 987-991 (2011) ‘ Cite this article

69k Accesses ‘ 333 Citations ‘ 107 Altmetric ‘ Metrics

A mathematical concept known as a de Bruijn graph turns the formidable challenge of
assembling a contiguous genome from billions of short sequencing readsinto a
tractable computational problem.

® K-merstg— A read K EAKKIFIA TS, WS ATTACGTCGAR] LAy
W— #&%13-mers (k=3) : ATT, TTA, TAC, ACG, CGT, GTC, TCGHl
CGA.
— EHFFIMKEE AL, AT DR SIL-K+14 K-mers.

® Dy ik i B [ SR 81 T SO A 5 SRR R e, KAE IR A

ATCACACACTACA  13bp
K=4 ATCA 7
TCAC
CACA
ACAC
CACA L 104

ACAC
CACT
ACTA
CTAC

TACA ~

(1)K=6  ATCGAT
TAGCTA

_ ATCAT
R)K=S TAGTA

29



B RABRRETHLSEL

® Contig/Scaffold # g
- EOHF

®N50/N90

— Contigs/Scaffolds AIKEIFEHER, ZFIENN, KEXRIEEEH—(50%) 5H90%AXIMAI—ER
Contig/Scaffoldi<FE;

- HKHT
® Coverage/Depth
- WFESE/RE: BRI readsTERHIREL

®(Genome coverage
o



NFFEEE/iFE (Coverage/Depth)

O N 5B EE: NFIFRegEmiis 544N R E A K] a9 k4,

O N iR E: KRRALE—AMLEFHE SRR

— n: 1EEREY
— |: SRR
- L: RAIHKE

CTAGGCCCTCAATTTTT
CTCTAGGCCCTCAATTTTT
GCTCTAGGCCCTCAATTTTT
TATCTCGGCTCTAGCC LR
TCGGCTCTAGCCCCTCAATTT 166N HE
TCTCGGCTCTAGCCCCTC
TATCTCGGCTCTAGCCCC
CGGTTGTAGCCCCCTAA
TATCTCGGCTCTACCC

TATCTCGGCTCTAGCCCCTCAATTTTT

28 M E

EEEC=166/28 = 6x

31



2 RPERETHLHSEL

® N50 = length of the shortest contig where 50% of sum is held
® N90 = length of the shortest contig where 90% of sum is held
® .50 = number of contigs which have 50% of the genome
® 90 = number of contigs which have 90% of the genome

e.g., NSO H5pr A Contigs#: K B K 2|/ HEA 5, AR4F R AR
KA 5| % KA —Fa9Contig K &

70 30 20
DN T N B

\ }
!

190 — 50% > 190 = 95
90% X 190 =171

TotalContigLength (70) = 70 < 95

TotalContigLength (50) =70 + 60 > 95 — N50:60
TotalContigLength (30) =70 + 60 +30 < 171
TotalContigLength (20) = 70 + 60 +30+20 > 171 — N90:20

largest

LSO‘:

L90

0

N30

average

TotalContigLength(t) — total length of all
contigs of length at least t

T | e .
50% I 50%

sum

Sum: ottal length of all contigs

32
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® QUAST (Quality Assessment Tool for Genome Assembly)

> https://quast.sourceforge.net

> WYEZREhr, WHRGEREE . ESRENSO. M RNESRRES, TSR RIRCR

AT

tbyast

Online evaluation of genome assemblies Help Download Contact

SARS2

Download report
18 May 2023, Thursday, 13:02:36

Text, TSV and Latex versions
View in Icarus contig browser of the table, plots in PDFE.

Additionally, detailed contigs
and gename statistics.

All statistics are based on contigs of size >= 500bp, unless otherwise nated (e.g., “# contigs (>= 0 bp)" and "Total length (>= 0 bp)" indude all contigs).

Statistics without reference ~ contigs Plots: Cumulative length MNx GC content
# contigs 117 120 kbp contigs
# contigs (>= 0 bp) 4002

# contigs (== 1000 bp) 27

# contigs (>= 5000 bp) 0

# contigs (>= 10000 bp) 0

# contigs (== 25000 bp) 0 100

# contigs (>= 50000 bp) 0

Largest contig 3646

Total length 108497

Total length (= 0 bp) 1095735

Total length (>= 1000 bp) 46916

Total length (>= 5000 bp) 0 80

Total length (== 10000 bp) 0

Total length (>= 25000 bp) 0
Total length (>= 50000 bp) 0

N50 919

N9O 560

auN 1279.3 60
L50 35

Lso 97

GC (%) 45.54

Per base quality

# N's per 100 kbp 0 40
#N's 0

o
o 10 20 30 40 50 0 70 0 s0 100 110th contig

Contigs are ordered from largest (contig #1) to smallest.
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HRE5E IS

® CEGMA(Core Eukaryotic Genes Mapping Approach)

— CEGMAERL 1 JUIA S RO A (R, Rls. . T,
BERESE) , IR BIX LY b R <y (4581 [H] .

- B b, FEATYIRATIRAS8 AR, TN e 2 A PUSCO sampling space ——— |
LN S O T IR ER, U B T HLE BRI 2 4 5 A b ety o
@\“ﬁenebrata 5 ;‘

. . . ouse's rthologs present in +50 3

® BUSCO(Benchmarking Universal Single-Copy Orthologs) onhologous roups nm%f,f;e s g
Arthropoda ) ) L &

5 (considered as universal) Q

— Based on evolutionarily-informed expectations of gene @z%"@mgmum £

Fungi B 50-90% T3
content of near-universal single-copy orthologs, the BUSCO &Iﬁﬁiﬁgousgmups [1080% |5 90% of the species

with single-copy genes

metric is complementary to technical metrics like N50. I I 2. Low duplicabilitygl I | 5
— A D TAN B/ 5 A -
BUSCOXT% I tl:%ﬁl:ljj(ﬁ]j S'Z%Bﬁ I ,f%j“%% H (BaCterIa’ 0-10 10-20 20-30 30-40 40-50 50-60 60-70 70-80 80-90 90-100
% species with single-copy genes in universal orthologous groups

Eukaryota, Fungi, Plant ...D
— Mik: https://busco.ezlab.org/
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2=51: Sequencing of SARS-CoV-2




Sequencing approaches for SARS-CoV-2

® Current Sequencing Sample Information (https://galaxyproject.org/projects/covid19/samples/)

Timeline for 314,941 samples
(Updated March 17, 2022}

EE-| * @ o @ ® e @ a &« & & & @& & @& » @
= GR-
E IE-
3
= UK-
A @ @ @ @ @ 9 a @ @ e @ e @ o @ @ ] o
EE-
GR-
=
Z IEq @ L ® » * @ 2 @ ® e @® e @ e o
L+
ZA
T T T T T T T T T T T T T T T T T T 1
= - = [ [ = w o = o [ - = [ [ = w o = =] [
= & s & § £ £ 2 § § & ¥ 2 & = 3§ S E = 8 g 3
1 X I 1 ] 1 1 X I 1 ] h 1
=} = = =1 = =1 = =B =B =1 = = =} = = =1 & =1 = = =B =3 = = =]
5] 3 ] 5] 5] = 5] 5] 5] 5] ] ra [ ] ] 5] ra L3 ] ] ra
= = = = ] = = =1 =3 = =1 =1 =5 pt 4 = ra et = b " i r 2 5]

Collection Date
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https://www.nature.com/articles/d42473-020-00120-0
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Sequencing of SARS-CoV-2

Article

A new coronavirus associated with human
respiratory diseasein China

https://doi.org/10.1038/s41586-020-2008-3  Fan Wu'’, Su Zhao?’, Bin Yu®?, Yan-Mei Chen"’, Wen Wang*’, Zhi-Gang Song"’, Yi Hu*’,
Zhao-Wu Tao?, Jun-Hua Tian®, Yuan-Yuan Pei', Ming-Li Yuan?, Yu-Ling Zhang', Fa-Hui Dai',
YiLiu', Qi-Min Wang', Jiao-Jiao Zheng', Lin Xu', Edward C. Holmes'® & Yong-Zhen Zhang"*¢*

Received: 7 January 2020

® Total RNA was extracted from the BALF sample of a patient.

— The term BALF is a shorthand for Bronchoalveolar Lavage Fluid, which is fluid collected from a patient's lungs.

® It is a mix of the patient's RNA and the viral RNA.

— this mixture of RNA is called a metatranscriptome

® Sequencing data: https://www.ncbi.nIlm.nih.gov/sra/SRR10971381

Run # of Spots # of Bases Size Published
SRR10971381 28,282 964 8G 28Gb 2020-01-27
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Metagenomic Next-Generation Sequencing

Genomes cut into small

© NGSH ARTESAE IR I H B N FH S 72 32 R 2H 0 (metagenomiic P v
fragments

Next-Generation Sequencing, mNGS) . -— — i,

— DNA: Metagenome sequencing e p——— e

— RNA: Metatranscriptome sequencing lmmm

® MNGSE b 2 1F H 4 5 el B2 Y 3 R R e =
a b

sssssssss

/4 Throat swabs Raw reads Alignment of DNA sequences with a computer
l program to create a larger consensus sequence

Total RNA i Clean reads

r lReverse transcription
[ N N N N N - — 30 min
3 5
B T T S S A Y
3 JLLLLLE
l Tagmentation
LR W S W P P P
¥ 5
/ \\ // \\ — 20 min

. Alignmentto 3
8 De novo assembly reference database
—— N N T T —
One-tube i 5
reaction -
l Strand extension v
Host response Unknown pathogens Known pathogens
identification identification
—_—— T ——
5 Y %,
=k J L)
70 min 3 @ ‘# ? . WM ;7"
l PCR 7Y ) mm /‘/
—_—
3 5'
\ -

l

High-throughput sequencing
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SR FRTE-FastQC

® FastQC e H A e I FINGSE s it s -l it rTH T4t i sr . GCorm.

EaNEE X EPS)
— http://www.bioinformatics.babraham.ac.uk/projects/fastqc/

@ FastQC [E=1 EoE ™3 @Per base sequence quality

File Help

Quality scores across all bases (lllumina 15 encoding)
bad_sequence.txt | good_sequence_short. txt

a8
Basic Statistics . . . 36
Quality scores across all bases (Illumina =v1.3 encoding) 4
34
Per base sequence quality .
ACTCAE AL ICAE ICIE TCHE 1T 3z

@ Per sequence quality scores 30 L] 30
@ Per base sequence content |20 1] HiNINIRIRIn
— 26 M
(ﬁ | Per base GC content T L] 24
7 24
— L) 2
(d/] Per sequence GC content |22 T i H I=11-H-1
L]
20 ™t 20
Per base M content
18
15
@ Seguence Length Distribution| 16 16
14

e
(ﬂ | Sequence Duplication Levels
7 12 12
o
(ﬁ | Cverrepresented sequences |1 10
~
3 B
@ Kmer Content
5 6
4 4
, [TTT :

1 3 5 7 09 11 13 15 17 19 21 23 & 2 29 31 33 3 I 39

1234567868¢9%10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40
Position in read (bp)

Position in read {bp)

Overview of the range of quality values across all bases at each position in the FastQ file


http://www.bioinformatics.babraham.ac.uk/projects/fastqc/

FHOEFAME-Trimmomatic

o TrimmormaticF /il Tt i 5 VIR F A1) BekiF a0, AR RIS T

JIE
— http://www.usadellab.org/cms/uploads/supplementary/Trimmomatic/Trimmomatic-0.38.zip

O AT op 4

$ java -jar Trimmomatic-0.39/trimmomatic-0.39.jar PE SRR10971381 1mini.fg
SRR10971381 2mini.fg SRR10971381 1 paired.fg SRR10971381 1 unpaired.fq
SRR10971381 2 paired.fg SRR10971381 2 unpaired.fq ILLUMINACLIP:
Trimmomatic-0.39/adapters/TruSeq3-PE.fa:2:30:10:2: True LEADING:20
TRAILING:20 MINLEN:36

IR, fFizfTltjavatr S I B R TN L ETrimmomatic, FFEBUN FFEHE!


http://www.usadellab.org/cms/uploads/supplementary/Trimmomatic/Trimmomatic-0.38.zip

Assembly with SPAdes

® SPAdes (St. Petersburg genome assembler) E—XIEEFAVEUE, MEIZIIEANZIF
HuminajllFEEE, MELARILAFTF lon Torrent, PacBio, Sanger, NanoporejllfF&iE, (&
AER, IFEESHTRSHERESHEER.

— Z2IEIHER: http://ablab.github.io/spades/installation.html

® $ spades.py -1 SRR10971381 1 paired.fq -2 SRR10971381 2 paired.fq --careful -o sars_illupe
— -0 output_dir: 1EEHEHAISEE;
— -1/-2: Ea/ paired-end libraryfcim S GimillFreads;

— -—-pel-1/--pel-2: SHATFHRETREAREXIRIreads, pe/FHEFIANBINNENRS, M/SREEXIreadsfIRS,
12w (forward), 22/ um(reverse);

— --pel-s: paired-end library ZUEITEE M imreadsABEBECXIAYsingleZdE, FIER—--peSEUEIN-stRC;
— --careful: JBITIE{TMismatchCorrectortEbiH{TEEZH _Emismatchesfshort indelsBHELE, HETF(FERLLSEL,

o IEITHERE, EBHSIESEsars_illuped =431, Hrbconfigs fasta R iR AIALEER,
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nalyzing your assembly

® 74t F K47 Jrcontigs.fasta 4, A # F1%
® BLAST program: BLASTN

® BLAST parameters:

5 %|(NODE_1)#BLAST , #

— Entrez Query: 1900/12/01:2020/02/01[PDAT] (search results before January 1%, 2020

— Organism: viruses

| blastn | blastp | blastx

tblastn | thlastx

Standard Nucleotide BLAST

Enter Query Sequence

BLASTN programs search nucleotide databases using a nucleotide query. more...

Enter accession number(s), gi(s), or FASTA sequence(s) & Clear Query subrange &/
From
To
P
Or, upload file Choose File  subsampled_contigs.fasta &/ h

Job Title

Enter a descriptive title for your BLAST search &

Align two or more sequences

Choose Search Set

Database

Organism
Optional

Exclude
Optional

Limit to
Optional
Entrez Query
Optional

©sStandard databases (nrefc.): = rRNA/ITS databases =~ Genomic + transcript databases Betacoronavirus

Nucleotide collection [nrnt)

viruses 4—

Be

exclude ' *

Enter organism commaon name, binomial, or tax id. Only 20 top taxa will be shown &

Models (XM/XP) — Uncultured/environmental sample sequences

Sequences from type material

1900/01/01:2020/01/01[PDAT]
Enter an Entrez query to limit search &

Program Selection

Optimize for

[ BLAST

UlllT] Create custom database

© Highly similar sequences (megablast)
More dissimilar sequences (discontiguous megablast)

Somewhat similar sequences (blastn)

Choose a BLAST algorithm &)

Nucleotide collection (nr/nt) using Megablast (Optimize for highly similar sequences)

Show results in a new window

fneset page l rBaukmark '

BLAST results will be displayed

in a new format by default
You can always switch back to the
Traditional Results page.
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QUAST-the Quality Assessment Tool for Genome Assembly

OQUAST K¥ %% 51z 47

—  $wget https://downloads.sourceforge.net/project/quast/quast-5.2.0.tar.gz

— $tar -zxvf quast-5.2.0.tar.gz

— $./quast-5.2.0/quast.py contigs.fasta —o quast result

®QUAST online tool: http://cab.cc.spbu.ru/quast/

— "Scaffolds" is not checked,

— "Prokaryotic" is selected,

— "Genome" is set to " SARS-CoV-2"

Assemblies
Genome
Caption

Quality Assessment

Select files File size limit is 100Mb

contigs.fasta 91.0MB remove ‘_

Skip contigs shorter than 500 bp

| Scaffolds ‘—-—hﬁes splitted by fragments of N's > 10 bp)

| Find genes

© Prokaryotic wh GeneMarkS, process circular chromosomes)
Eukaryotic (find genes with GeneMark-ES)

unknown genome 4—

] Another genome

Will appear in the report.
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Explore k-mer Length Effects

® L ook at the log file generated(spades.log), what k-mer sizes were used for the assembly?
— Default k-mer sizes were set to [21, 33, 55, 77]

® Try to assembly with a different k-mer length:
$k = 127
$spades.py \
--threads 2 \
-k ${k} \
-0 ~/de_novo illumina/SRR10971381-k${k} \
-1 ~/data/illumina_pe/SRR10971381 1 paired.fq \
-2 ~/data/illumina_pe/SRR10971381 2 paired.fq \
| tee ~/de _novo illumina/SRR10971381-k${k}.log

https://university-of-adelaide-bx-masters.github.io/BIOINF-3010-7150/Practicals/short_read_assembly/short-read-assembly.html
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Hacking COVID-19 — Identifying a Deadly Pathogen

® A E K FALM
— https://www.coursera.org/learn/covid-19-genome-assembly

= coursera

Browse > Health > Health Informatics Offered By

Hacking COVID-19 — UCSanDiego

Course 1: Identifying
a Deadly Pathogen

wkkh 4.5 30ratings = 10 reviews

\%; Mikhail Rayko +4 more instructors

Enroll for Free - :
Financial aid available
Starts Apr 12
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® AR IE AR 69N 7 £ PE(SRR10971381) 5 457 iAA2, T axSARS-CoV-2 K B 280 5 547 69 2L 3%
Ji #=(FastQC, Trimmomatic). K 4848 % 5 +#4&(SPAdes, QUAST) 5 55 R4k % = (BLAST) 4
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THANK YOU
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