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Bioinformatics & Machine Learning(BIML)
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- AlphaFold and RoseTTAFold
HAF DM Stistm)

10:50-11:00 SA

Al

#2 o>

=
= =2
Wy 2z

¥

=
11:00-12:10 o CoIabFoId% %%ﬂ' g‘ﬁx_!'g- 0"
. . - Tips &Tricks for better structure modeling

#4017 DM
12:10-13:40 XAl

Al-based protein design

- Intro to protein design
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i. Open Chromatin Region Analysis and Biological Interpretation of Using scATAC-seq Dataset
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Curriculum Vitae

Speaker Name: Jun Kim, Ph.D.

» Personal Info

Name Jun Kim
Title Assistant professor
Affiliation Chungnam National University

p Contact Information
Address 99, Daehak-ro, Yuseong-gu, Daejeon, Republic of Korea

Email junkim@cnu.ac.kr

Phone Number  010-3360-1208

Research Interest

Structural variant, Splicing

Educational Experience
2015 B.S. in Life Sciences, POSTECH, Republic of Korea
2020 Ph.D. in Biological Sciences, Seoul National University, Republic of Korea

Professional Experience

2018-2020 Researcher, Research Institute of Basic Sciences, SNU, Korea

2020-2022 Postdoctoral Researcher, Research Institute of Basic Sciences, SNU, Korea
2022-2023 Researcher, KRIBB, Korea

2023- Assistant professor, Chungnam National University, Korea

Selected Publications (5 maximum)

1.

Lim, J, Kim, W, Kim, Jt and Lee, Jt (2023). Telomeric repeat evolution in the phylum

Nematoda revealed by high-quality genome assemblies and subtelomere structures. Genome

Research. (1Co-corresponding)

. Kim, E* Kim, J*t, Kim, C, and Lee, J.t (2021). Long-read sequencing and de novo genome

assemblies reveal complex chromosome end structures caused by telomere dysfunction at the
single nucleotide level. Nucleic Acids Research 49, 3338-3353. (*Co-first; tCo-corresponding)
Kim, C.* Kim, J.* Kim, S.*, Cook, D.E, Evans, KS. Andersen, EC, and Lee, J. (2019). Long-read
sequencing reveals intra-species tolerance of substantial structural variations and new
subtelomere formation in C. elegans. Genome Research 29, 1023-1035. (*Co-first)

Lee, H., Kim, J.t and Lee, J.t (2023). Benchmarking datasets for assembly-based variant calling
using high-fidelity long reads. BMC Genomics 24. (tCo-corresponding)

Kim, C.* Sung, S.*, Kim, J.* and Lee, J. (2020). Repair and Reconstruction of Telomeric and
Subtelomeric Regions and Genesis of New Telomeres: Implications for Chromosome Evolution.
BioFssays 42, 1900177. (*Co-first)
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Genomics, as a big data science

E
Data Phase Astronomy Twitter YouTube Genomics
lAcquisition 25 zetta-bytes/year 0.5-15 billion 500-900 million hours/year 1 zetta-bases/year
tweets/year
|Storage 1 EBlyear 1-17 PB/year 1-2 EBlyear 2-40 EB/year
|Analysis In situ data reduction Topic and Limited requirements Heterogeneous data and analysis
sentiment mining
Real-time processing Metadata analysis Variant calling, ~2 trillion central
processing unit (CPU) hours
Massive volumes All-pairs genome alignments, ~10,000
trillion CPU hours
Distribution Dedicated lines from antennae Small units of Major component of modern user's  Many small (10 MB/s) and fewer massive
to server (600 TB/s) distribution bandwidth (10 MB/s) (10 TB/s) data movement

doi:10.1371journal. pbio. 1002195.1001
: el Stephens et al., 2015
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Large-scale sequencing proj;:cft_s

30 million USD 5 billion USD 1.5 trillion KRW
350 human genomes >9,000 lives 1 million Koreans
~100 PB

Intra-specific variations

Disease susceptibility




Sequencing

Sequencing Normal ATGCACGTCAGT
Patient ATGCACCTCAGT

Variant

Sequencing technologies
Sequencing Platform Datatype Read length (kb) Read Throughput per Estimated Maximum
technology accuracy flow cell (Gb) cost per throughput per
N50 Maximum %) Mean Maximum Gb(USS)  year (Gby*
Pacific RSP CLR 5-15 >60 87-92 0.75-1.5 2 333-933¢ 4,380
g};’:gg‘,"m Sequel CLR 25-50 >100 5-10 20 98-195¢ 17,520
Sequelll CLR 30-60 >200 50-100 160 13-26° 93,440
HiFi 10-20 >20 >99 15-30 35 43-86° 10,220
Oxford MinlON/ Long 10-60 >1,000 87-98 2-20 30 50-500' 21,900 (MinlON)
Nanopore GridlON 109,500 (GridION)
'(I'(e)ch:lTr;ologieS Ultra-long ~ 100-200 >1,500 0.5-2 2.5 500-2,000' 913 (MinlON)
4,563 (GridION)
PromethlON  Long 10-60 >1,000 50-100 180 21-42¢ 3,153,600
[llumina NextSeq 550  Single-end  0.075-0.15 0.15 >99.9 16-30 >30 50-639 >47,782
Paired-end  0.075-0.15(x2) 0.15(x2) 32-120  >120 40-60¢ >70,080
NovaSeq Single-end  0.05-0.25 0.25 65-3,000 =>3,000 10-35" >1,194,545
5000 Paired-end  0.05-0.25(x2)  0.25(x2)
Logsdon et al., 2020
6




lllumina

Template binding
Free templates hybridize
with slide-bound adapters

Bridge amplification

Distal ends of hybridized templates
interact with nearby primers where

amplification can take place

Goodwin et al., 2016

7

lHlumina

u-\% -

Nucleotide
ddition

Imaging

Cleavage

Goodwin et aslg., 2016




PacBio

Adapters

Goodwin et al., 2016

https://www.youtube.com/watch?v=_ID8JyAbwEo
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PacBio, high-fidelity reads (Hi

il ili Ittt

PeseSsESSSSEEEEERYL Y FesEETseTTESTISISESES
FEASEREEEETEREREE
!!,Q‘,!!,!!"P'V!'ﬂ'"!,”?'?"!!'!'.??'9’

v

IEREAAAEERRR R AR

L1 !l!!!!!!!!l!!f!!!!!!’!!!!!1!’!9!!’!!!!!b‘

o
BEEERAREARAS

https://www.youtube.com/watch?v=_| D8J%Awao




ONT NE ‘

DNA (or RNA)

Motor protein]

Adapter sequence)

{

https://www.youtube.com/watch?v=RcP85JHLmnl

https://www.youtube.com/watch?v=RcP85JHLmnl




https://www.youtube.com/watch?v=RcP851\7JHLmnI
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400 bases per sec

https://www.youtube.com/watch?v=RcP85zgHLmnI




Summary <«
Commercial sequencing technologies provide higfﬁ-—._
throughput, high-quality read sequences.

lllumina
Cheap; fragmented DNA; amplification;
highly accurate; very short (~250 bp)

PacBio
| Expensive; high-molecular-weight DNA;
- abundant DNA; long & accurate (~20 kb)

\ONT
Expensive, high-molecular-weight DNA or RNA;
dant DNA or RNA; ultra-long (~1 Mb)

y

21

Variant detection

Human reference

DNA (3 Gb)
ACAGTCAGTCAGTCAG ~ Seduenced DNA
CTAGCATGCATCGATC (100 bp/each)
GTAGCATGCTAATCGA ACAGTCAGTCAGTCA o

...... x 10° |
AGCTCGATCGATCGAT ATCGATGACGTACGT 1 N 1 1 1 B B 1
CGATCGATCGATCGAT B B I i B T
CGATGACGTACGTGCG = = =

22

-11 -



Human reference

Structural variant (SV) detebflﬁi"

Human reference DNA

| [ N NN N EE
— HE EEEE .
| [
Cancer (DNA damage) Normal
[ — B NNN—_—
Il . ENEN BN BN
| - Sr ST
:,q Cancer (repaired DNA) =k L
B Cancer o mm
474> -
Increased cancer survival .
Duplicated

6 WS Cancer patient AN

Inversion

4 > 5—>1+>2 >3 6 Duplication

i‘i Reconstructed cancer DNA sequences

24

-12 -



PacBio

Long & accurate (~20 kb)
Error rate

Raw read: 103 — 10
Assembly: 10-°— 106

ONT

. Error rate
| Raw read: 10-" — 102

\ Assembly: 103 - 104 > &

BT = HiFi 7|'HS 0|83 71E|1 HAJO| MM EES=
| QICt (LEE DNA 22) ONTE #EH7| 714 o

Ultra-long (~200 kb, up to ~1 Mb)

- 13 -
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M ZE(SHH +8)

chrl chrll chrilll chrlv chrV chrX

Reads

|
|
|
|
Contig 1 ‘ L Contig 2

| | T S L /

! ' Genetic or \"“a_‘,,-«”

| Physical map i N

[ | s B T =

| Contig 1 NN....NN] Z B1uod )
Gap

> Scaffold #

Z4E| 10 Ci3l, Hi-C X UL HIO|E 52 g3 A 0
i3] X| =2 S ots 20| JHs oKL,

ONT UL
- ZE|Q AfO|o| HIES T DEZE AMA X =
- ZHO| 0042 =2 DNAZ 2 gh(= HH)

28
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A AR SHIE Y

DIFFERENCE (£%)

STATISTICS GRCH38 T2T-CHM13
Summary
Assembled bases (Gbp) 2.92 3.05 +4.5 B
Unplaced bases (Mbp) 11.42 0 -100.0 A
Gap bases (Mbp) 120.31 0 -100.0
Number of contigs 949 24 -97.5
Contig NG50 (Mbp) 56.41 154.26 +173.5
Number of issues 230 46 -80.0
Issues (Mbp) 230.43 818 -96.5
| 1 U [
1 S [ TR 1
i Chr13_ I | | | 1 | ” Chr15m ‘in L |1 r]nl I I I
0 10 20 30 40 50 60 70 80 90 100110 0 10 20 30 40 50 60 70 80 90
b .- W I |III
chri4 I T v — 1| = = l! ChHGMDM e JI
0 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 80 70 80 90

Nurk et al., 2022 g\lature)

DNA A2 A 7|8 — QK 15

PacBio HiFi -
-Cr= 7N e M EEE AEEE 2 Jts
- @MA R UAS B MESHAH 24 7

- HO| BRI ERY 7c§'$01|5.'_f e

Trio
- 012 K25t Yetoi

|

H
i T
-F/IEHE B 7Y+ A ERUU EE s

30
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Africa 51% ﬂ“MMI‘M"ﬁ“ﬁ

Americas 34% i*iiiiiii‘
#4444
Asia 13% §4884{ Chinese-GIAB (1)

Europe 2% i Ashkenazim Jewish-GIAB (1)

ATTGGGCATCGGGTGAGAGTGACCCTTTAAGGCAGG
ATTOGEL ~~ -~~~ GTGAGCGTGACCCCTTAAAGCAGG

Liao et al., 2 Zé(Natur

ASW R A PJL (1)
PUR@e), J ESNE oSO
CLM ( 4)- PKHYV ( 1)
PEL (4 4) MKK -HapMap (1)

-16 -



Segmental duplication (C. ele

L 3
Bristol, Reference strain i:J _

Hawaiian, Divergent strain

Internal Position (Mb) Duplicated Position (Mb)
19.37 19.47 19.57 2117 21.27 21.37
[ ] B N | <. | 2] bi e B ] [ L | [ 1. ] i
[ | [ (117} | a | | | ik + [ [

» Common genes
® Specific genes

®» Homolog in other chromosomes
Kim et al., 2019
Kim et al., 2020

33

SV detection using two techn

DELETION Kim et al., un
Lsv

Ssv

NGP-501 NGP-508 NGP-606

INSERTION

NGP-501 NGP-508 NGP-606

34
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Application in human genetic

Disease Mutation type Gene/locus Method Sequencing platform Mean read Predicted
length cogerage
Benign adult familial - Mizuguchi et
myoclonic epilepsy Tandem repeat SAMD12 Whole genome | PacBio/Sequel 7705 Tx a9
r;ggzs%ﬂ:jﬁga‘ Tandem repeat SAMDI2 Whole genome | PacBio/Seguel and Nanopore >10k ~10= @g etal.
Benign adult familial BAC clone or - - Ishiura et al.
myecionic eplepsy Tandem repeat SAMD12 whoie genome PacBio/RSI or Nancpore/MinlON | M.A MA, 25,
Neuronal intranuclear PacBio/RSIl or
inclusion disease Tandem repeat NOTCH2ZNLC | Wheole genome Nenopore/PrometnlONRES) 1269-20,204 Ex-25% Sone et al. [§]
. . N (Distribution plot Stancu et al.
Congenital abnomalities Chromothripsis - Whole genome | Nanopore/MinlON(R7.3,R9,R9.4) s available) 6=, 11 = 1321
Intellectual disability and Chromosome 1.46x= (chr20, | Dutta et al.
i o AREGEFY Whele genome | Nanopore/MinlON(RS.4) 9k Jeass B3
Progressive myoclonic . . Mizuguchi et
eolensy 12 kb deletion CINE Whole genome | PacBio/Sequel o744 Ex 305
- - Merker et al.
Camey complex 2k deletion PRKARIA Whole genome | PacBio/Sequel =3k G U
. - . 539118 Reiner et al.
Bardet-Bied| syndrome 72.3-Kb deletion Tgl43 Whole genome | PacBio/RSIl MLA bases 134
L . Duplication-
Neonatal hypoxic-ischaemic | - P < . 3x Sanchis-Juan
encephalopatny Inversion- CDKLS Whole genome | Nanopore/R9 5136 (median) [minimum) etal[11]
duplication
Amyotrophic laters! sclerosis .
whole genome PacBio/Sequel or Ebbert et al.
::Sﬂg:tl}r‘;mtempom\ Tandem repeat CYorf72 and No-Amp Nanopore/MinlON MA Txor3= )
N whole genome Miao et al.
Glycogen storage disease 7.1kb deletion GBPC sequencing Nanopore/GridlON{RS4) 16,579 10= E5]
Mystonic dystrophy Tandem repest DMPK SCRampiicon | PacBiof NA N, aﬂ"“& ing et
Fragile X syndrome Tandem repeat FMRT PCR amplicon PacBio/RSI MA MN.A E“" etal
Fragile X syndrome Tandem repeat FMR1 PCR amplicon PacBio/RS MA M.A LZ[;]';'"‘-S etal
ﬁg‘"“‘“be”a’ B R LR p— ATHN1O PCRamplicon | PacSio/RS MNA NA, y‘%and et
Autosomal deminant .
tubulainterstitial kidney SNV In tandem MUCT PCRamplicon | PacBio/RSl NA M, WWenzel et sl
o repeats 1381
isease
Huntington's disease Tandem repeat HTT No-Amp PacBio MA MN.A I-JSUEr etal
Park e dlis . Schale et al.
inson’s disease Tandem repeat ATXN10 No-Amp PacBio MNA N.A 124]
Fuchs encothelial corneal - Hafford-Tear M |tsu hashl and
dystrophy Tandem repeat TCF4 No-Amp PacBio/RSIl MNA NA tal [43]
Neuronal intranuclear CasS-medisted : 0 O
inclusion disease Tandem repeat NOTCHZNLC target sequence Nanopore/MinlON MA M.A Sone et al. [g] M atS U mOtO 3 2 2
Becker muscular dystrophy L1 insertion DHD SCRamplicon | PacdiofRS! NA NA. Gongalves et
al. [47] 35
JLnked Dystoria- SVA insertion TAFT BAC clone Pacio/RSl MA NA. ﬁl‘:‘a_‘ég‘yk &

Full-length RNA sequencin

Transcriptome sequencing
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(=0 ——
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en full-length transcripts can be sequences at once,
any isoform information can be fully interpreted,
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Novel isoform detection

B i 2 R
s = f S FSM
Matches all SJ perfectly

/'/\\ /'/\ e % ~ - e
i “.‘ - _ ISM
Matches the reference SJs partially
e, NIC

I = S OO Novelisoform with a new
combination of known splice sites

7
S T S EE— i
Novel isoform with at least a new

. splicing site
] Genic intron
Within an intron

Genic genomic
Overlaps introns and exons

Tardaguila et al., 2018
https://github.com/ConesalLab/SQANTI3
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Novel isoform detection

Kim et aI.,{i{npubiish

/\_ REFERENCE Human tissue
TRANSCRIPT

s = 7 .
' FSM 2 1
— a 7 =m I . , 385
ISM
- Y e 2,299
NIC
B . BN D ovel sofom with anew 8.381
combination of known splice sites J
B e f e ... 2,845
Genic int splicing site
enic intron
L - Within an intron
i | Genic genomic

Overlaps introns and exons

Tardaguila et al., 2018
https://github.com/ConesalLab/SQANTI3
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PROTOCOL | JuLY 1, 2022

A beginner’s guide to assembling a draft genome and analyzing
structural variants with long-read sequencing technologies

Jun Kim'®" and Chuna Kim?#™*

'Research Institute of Basic Sciences, Seoul National University, Seoul 08826, Korea

2Aging Convergence Research Center, Korea Research Institute of Bioscience and Biotechnology, Daejeon 34141, Korea
3Technical contact

#Lead contact

"Correspondence: dauer@snu.ac.kr &

“Correspondence: kimchuna@kribb.re.kr &

« DOI: 10.1016/j.xpro.2022.101506

Kim and }gid‘n 2022
https://star-protocols.cell.com/protocols/1799
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FHA|
a T H x.l E ; In collaboration with Professor Hyu

67l ¢ M =0 st HiFi data =&

Read depth 0|4, 5-methylcytosine $/X] i@l

Genome assembly %

DNA rearrangement S XA}

43

Kidney

Caki-1: Cancer, clear cell carcinoma

SNU1272: Cancer, clear cell renal carcinoma

HK-2: Benign tumour, proximal tubule epithelial, papilloma

— Prostate
PC-3: Prostate cancer, adenocarcinoma (Grade 1V)
DU 145: Prostate cancer, carcinoma
LNCaP: Prostate cancer, carcinoma

Experimental scheme
- 25—-30x High-fidelity long-read sequencing data generation
- De novo genome assembly
- Analyzing DNA rearrangements, translocations, ...
b c
E:i Prostate [Prostate Kidney
m PC-3 1501 ~—— PC-3, haplotig1 ~— Caki-1, haplotig1
75 D DU 145 — PC-3, haplotig2 —— Caki-1, haplotig2
— E‘ LNCaP = — DU 145, haplotigt — HK-2, haplotig1
= S 400 — DU 145, haplotig2 — HK-2, haplotig2
X 50 Kidney = — . y— i
e £ LNCaP, haplotig1 SNU1272, haplotig1
= (] caki1 = LNCaP, haplotig2 — SNU1272, haplotig2
8 Wz 13 ‘
25 [ ] snu2r2
0 A 0.
0 20 40 0.00 0.25 0,'50 0.75 1.00 1.25
Read length (kb) Cumulative coverage 14
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AMH E=3}7| MobaXterm

wMobaXlerm Home Demo Features Download Plugins Help Contact f =

Home Edition Professional Edition

Free $69 / 49€ per user*

* Excluding tax. Volume discounts available
Full X server and SSH support

Remote desktop (RDP, VNC, Xdmcp)

Remote terminal (SSH, telnet, rlogin, Mosh) Every feature from Home Edition +
X11-Forwarding Customize your startup message and logo
Automatic SFTP browser Modify your profile script
Master passwaord protection Remove unwanted games, screensaver or tools
Plugins support Unlimited number of sessions
Portable and installer versions Unlimited number of tunnels and macros
Full documentation Unlimited run time for network daemons
Max. 12 sessions Enhanced security settings
Max_ 2 SSH tunnels 12-months updates included
Max. 4 macros Deployment inside company
Max. 360 seconds for Tftp, Nfs and Cron Lifetime right to use

P B3  Subscribe online / Get a quote

49

>
12l
b
of
N
=
@]
O
Q)
X
(¢»]
=
3

! MobaXterm Home Demo Features Download Plugins Help Contact f & Customer area H Buy]

MobaXterm Home Edition

Download MobaXterm Home Edition (current version):

& MobaXterm Home Edition v23.0

MobaXterm Home Edition v23.0
(Portable edition)

(Installer edition)

a1 AHSHA DX[SHAH E

50
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M H=95}7| MobaXterm
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MH ™ £5}7] MobaXterm

Session settings

N @Y 3 @ @ fF @ m @ x ¥ @A

SSH  Telnet Rsh  Xdmcp RDP

|

VNC FTP SFTP  Senal File Shell Browser Mosh AwsS3  WSL

‘ Choose a session type. .

| @ox | |°Cancel|

53

MH H%57|] MobaXterm

Session settings

N B B X E @ @ @@ »f @ m @& x

SSH  Telnet Rsh Xdmcp  RDP VNC FTP SFTP  Serial File Shell  Browser Mosh

Aws 53

¥ Basic SSH settings

Remote host * | []Specify usermame @ Port

B Advanced SSH settings B Terminal settings “%: Metwork settings Bookmark settings

Secure Shell (SSH) session o‘\

rnam e FEGIA N3 EA|S]7]
X5l Remote host, Port 221 & OK 28 =
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s AMH HE(KOBIC H3)

[l edubB@s9. 2F

1 .
tools)

session to edu@

Lrect SSH
SH compres

H-browser /

1-forwarding : +~ (remote display is forwarded through SSH)

For more infe, ctrl+click on help or visit our

* Documentation:
* Management:
* Support:

updates can be applied immediately.
see these additional updates run: apt list —upgr

New release '20.04.5 LTS' available.
Run 'do-release-upgrade' to upgrade to it.

r Hardware Enablement Stack (HWE) is supported until April 2023.
em restart reguired
1 Mon Jan 30 12:32:38 2023 from 210.218
10@edudl:~% i
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Conda & mamba

https://docs.conda.io/en/latest/
https://github.com/mamba-org/mamba

Lix{o| dFo2, 23 XS OrF &1 W2
&= ColECl (AE B HO|H T) 57

Conda 2 X| s} 7|

# E/0]20] off2f 0] g/ ot/

wget https://repo.anaconda.com/miniconda/Miniconda3-latest- Iﬁ
Linux-x86_64.sh
# conda installer L}22 5 &

chmod +x Miniconda3-latest-Linux-x86_64.sh
bash Miniconda3-latest-Linux-x86_64.sh

# &Y A 20l Y HA HY

::slpath_to_your_conda>/bin/conda init

source ~/.bashrc
O/L/A{E conda ALEE += 27 el=

58
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Conda &4 A%

sld=ZAHeg|l=l Z2 03 84X 27t

Restriction enzyme= & WM OC} buffer B OF St
ZEOEE AP0t He = ot AS0| Het &8 MEd 2.

# /0] 0f ofciief 0] &/5/517/

conda update -n base -c defaults conda
conda config --add channels conda-forge
conda config --add channels bioconda

#Lf2 2= A0 FZo0=

conda install mamba -n base -c conda- -forge
onda /4! mamba & + 2/ == mamba Ex/5}7/

59

Mamba 7C| gL

conda create -n assembly

conda activate assembly
# 0/£0]/ assembly 2! M =2 conda 2t& &4 X & 43}

# sudo apt-get install datamash

mamba install -c bioconda -c conda-forge assembly-stats bioawk

hiflasm svim-asm circos minimap2 samtools sniffles
# L} 25 genome assemblerSf T+ = H0) Z4 Z=Z 121 ZA/of7/

60
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Public data download

The complete sequence of a human genome

SERGEY NURK G SERGEY KOREN @ ARANG RHIE @ , MIKKO RAUTIAINEN G ANDREY V. BZIKADZE @ , ALLA MIKHEENKO, MITCHELL R. VOLLGER @

NICOLAS ALTEMOSE @ , LEV URALSKY @ ,[.-.]J, AND ADAM M. PHILLIPPY G

SCIENCE - 31 Mar2022 -

¥ 29052 99 34

Vol 376, Issue 6588 -

pp. 44-53 -

+90 authors

Authors Info & Affiliations

DOL: 10.1126/science.abj6987

A O »

lhe complete sequence of a human genome | Science

61

SRA | SRA

Access
Pubdic (4)

Source
DNA (1)

ype

genome (4}

Library Layout
single (4)
Platform
PacBio SMRT (4)

Strategy

Genome (4}

Data in Cloud
GS (4)
53(4)

Ciear all

Show additional filers

of Medicine

rmal

v | SRXT89768° CHM13
Create alerl  Advanced

Summary =

Send resulls to Blas!

Search results

ltems: 4
O WGS of CHM13 with PacBio CCS
1. 1 PACBIO_SMRT (Sequel I} run: 1M spots, 21G bases, 15.7Gb downloads

0

Summary -

Accession: SRXTE0TEEE

WGS of CHM13 with PacBio CCS
1 PACBIO_SMRT (Sequel [1) run: 1.4M spots, 26.7G bases, 21.7Gb downloads
Accession: SRKTSSTEET

WGS of CHM13 with PacBio CCS
1 PACBIO_SMRT (Sequel Il) run: 1.6M spots, 25.6G bases, 16.3Gb downloads
Accession: SRXTBOT686

WGS of CHM13 with PacBio CCS

1 PACBIO_SMRT (Sequel II) rum: 1.6M spots, 25.1G bases, 16G0 downloads
Accession: SRX7897685

Sendto: =

Send to: ~

Log in

g Search

Heip
Filters: Manage Fillers

Find related data =
Database: | Select ~

Search details 2

(sru78ames[al| Fields] 0B srx7aaveso|al) 2
Fleids] DR srxToarce1|All Flelds] OR
srx7aaTRaZIAl | Fields] OR srxTasTeas|all
Fleids] OR srxTA97684[A11 Fields] OR A
srx789T685[A1 | Flelds] 0R srx7897686[A11

Search See more..,
Recent activity -~
Lum Off Ciear

Q, SRX789768" AND CHM13 (4)

Q, human chm13 hifi (6)

SRA

Q, human chm13 (387)

62
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Public data download

SRX7897688: WGS of CHM13 with PacBio CCS
1 PACBIO_SMRT (Sequel Il) run: 1M spots, 21G bases, 15.7Gb downloads

Design: DNA exiracted from cultured adherent cells with modified Gentra Puregene protocol (C Baker, KM Munson & EE Eichler, Univ of Wash); y

sheared on Megaruptor to 25kb, library constructed with SMRTbell Template Prep Kit 1.0 (PN: 1000-222-300), size selection with SageELF using the |
0.75% Agarose Cassette (ELD7510) and the SageELF 1-18kb version2 Cassette Definition Protocol to generate 15kb and 20kb libraries (P Peluso, _q':
PacBio). e

Submitted by: Pacific Biosciences

Study: WGS of CHM13 with PacBio CCS
PRJNA530776 « SRP190633 « All experiments * All runs
show Abstract

Sample: Human sample from CHM13htert cell line from Homo sapiens
SAMNO03255769 « SRS798661 « All experiments = All runs
Organism: Homo sapiens

Library:
Name: CHM13-CCS-20kb-m64062 190806 063919
Instrument: Sequel Il
Strategy: WGS
Source: GENOMIC
Selection: size fractionation
Layout: SINGLE

Runs: 1 run, 1M spots, 21G bases, 15.7Gb

Run # of Spots # of Bases Size Published
SRR11292120 1,012,393 21G 15.7Gb 2020-03-12

ID: 10331994

63

Public data download

SRA Explorer

This tool aims to make datasets within the Sequence Read Archive more accessible.

Search for: Enter accession number Q

Max Results 100 Start At Record 0

Need inspiration? Try GSE38567 , SRP@43518, PRIEBSG73 , ERPEY169 OF human liver miRNA .

SRA-Explorer was written by Phil Ewels. Source code is available under a GNU GPLv3 licence at https:/github.com/ewels/sra-explorer.

Here a lot? It might be worth taking a look at some alternative tools

64
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Public data download

SRA Explorer

This tool aims to make datasets within the Sequence Read Archive more accessible.

Search for: SRR11292120[All Fields] OR SRR11292121[All Fields] OR SRR11292122[All Fields] OR SR Q

Max Resuits 100 Start At Record 1]

Need inspiration? Try GSE3@567 , SRP@43510 , PRIEBSE73 , ERP@91e9 OF human liver miRNA

Select relevant datasets and click add (o collection. When you're finished, view all saved datasets with the bution in the top right of the page, where you can copy the SRA URLs.

Showing @) resulis.

Filter results:  Enter search term All Fields ~ Add 0 to collection

O Title Accession Instrument Total Bases (Mb) Date Created
(] WGS of CHM13 with PacBio CCS SRR11292123 Sequel 1l 250785 12 Mar 2020
O 'WGS of CHM13 with PacBio CCS SRR11292122 Sequel Il 255870 13 Mar 2020
O 'WGS of CHM13 with PacBio CCS SRR11292121 Sequel Il 287311 12 Mar 2020
=) WGS of CHM13 with PacBio CCS SRR11292120 Sequel Il 209726 12 Mar 2020

20 or SRR11292121 or SRR11292122 or

65

Public data download

SRA-Explorer

SRA Explorer

This tool aims to make datasets within the Sequence Read Archive more accessible.

Search for: SRR11292120[All Fields] OR SRR11292121[All Fields] OR SRR11292122[All Fields] OR SR& Q

Max Results 100 Start At Record 0

Need inspiration? Try GSE3@567 , SRP@4351@ , PRIEBSE73 , ERP8@9189 OF human liver miRNA

Select relevant datasets and click add fo collection. When you're finished, view all saved datasets with the button in the top right of the page, where you can copy the SRA URLS.

Showing () resuits.
Filter results:  Enter search term All Fields =
Title Accession Instrument Total Bases (Mb) Date Created
WGS of CHM13 with PacBio CCS SRR11292123 Sequel Il 250785 12 Mar 2020
WGS of CHM13 with PacBio CCS SRR11292122 Sequel Il 255870 13 Mar 2020
WGS of CHM13 with PacBio CCS SRR11292121 Sequel Il 287311 12 Mar 2020

(4]

WGS of CHM13 with PacBio CCS SRR11292120 Sequel Il 209726 12 Mar 2020

66
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Public data download

4 Saved Datasets Remove all from collection and send to search results

FastQ Downloads SRA Downloads Full Metadata

To download FastQ files directly, sra-explorer queries the ENA for each SRA run accession number.

Raw FastQ Download URLs
Bash script for downloading FastQ files

This list of bash curl commands to download each SRA run FastQ file from the ENA, and save with a nicer filename, with the cleaned dataset title appended.

& Copy | & Download

#!/usr/binfenv bash

cwrl -L ftp://ftp.sra.ebi.ac,uk/voll/Fastq/SRA112/823/SAR11292123/5RR11292133 subreads.Fastq.gz -0 SRR11292123 WGS_of CHM13 with_PacBio CCS_subreads.fastg.gz
curl -L frp://ftp.sra.ebi.ac.uk/voll/fastq/SRR112/822/5RR11292123/5RR11292127 subreads. fastq.gz -o SRR11292122 wGS_of CHM13_with_PacBio_€CS_subreads.fastq.gz
curl -L Ftp://ftp.sra.ebi.ac. uk/voll/fasto/SRR112/821/SAR11292121/SRR11262121 subreads. Fastq.gz -0 SRR11292121 WGS of CHM13 with PacBin €S subreads.fastg.gz
curl -L ftp://ftp.sra.ebi.ac.uk/voll/Fastq/SRAL112/828/5SRR11292128/SRR11202128 subreads. Fastq.gz -0 SRR11292128 WGS_of CHM13_with_PacBin CCS_subreads.fastg.gz

Aspera commands for downloading FastQ files
Cluster Flow FastQ download file (nice filenames)

bebio project file for FastQ downloads (nice filenames)

ine0f =512 &

67

Genome assembly & & (HiFi

# Public data &-&(Han et al., submitted)
#cd MM 2 CIHEEZ 0|

cp /BiO/home/edu001/.bashrc .

source .bashrc

mamba activate assembly

68
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N50 & NG50

Read/contig/scaffoldE Z 0|7} 71 A2 & d&Es5t1,
1 ZOo|E X H o2 LA H3HS [
A Zoje = Huto| &= =1t

1.0f 8§ 2 St= read/contig/scaffold2| Z O]

7| Ef metric2
https://en.wikipedia.org/wiki/N50, L50, and_related_statistics

SES

Mok

NG50= ™A 20| 4l 2B Xl genome sizeE &E2.

69

| TN
1T
CET LTS

N50 & NG5S0

301

20 |

(2]

50 I 30 Jr 20 |75 JA0I0]
>50

4>

>80

> 100

>115
>125

>135
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Quality 2+215}7|

assembly-stats ${PREFIX}.h1.fa ${PREFIX}.h2.fa

71

BUSCO

Benchmarking Universal Single-Copy Orthologs

Z} lineage® 2 2247l single-copy ™ A7 LOftLE Z
assembIeEI A[A=X| 2215 M assembly quality 2!

QM CF &/ LI2CHK| O i =20 A= T stat T 6L

BUSCO: assessing genome assembly and annotation completeness with
single-copy orthologs | Bioinformatics | Oxford Academic (oup.com)

72
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Quality 2Q15}7|

busco --list-datasets
busco -i ${PREFIX}.h1.fa -c 3 -o ${PREFIX} -m genome - I
nematoda_odb10

# or i
# busco -i ${PREFIX}.h1.fa -¢c 3 -0 ${PREFIX} -m genome --auto-
lineage

# busco -i ${PREFIX}.h1.fa -c 3 -0 ${PREFIX} -m genome --auto-
lineage-euk

# busco -i ${PREFIX}.h1.fa -c 3 -0 ${PREFIX} -m genome --auto-
lineage-prok

#-i: 1 Ot 0|
f-c:=A| AL T
(@)

-o:Obot-i% Jlfe' 0|
' A, AN S5
_I

73

Visualization

STRAIN1=ALT1.chr5

REF1=Celegans.chr5.fa

TYPE1=contig

echo "line,length,type,coverage" > length.csv

LEN1="bioawk -c fastx '{sum+=length($seq)}END{print sum}'
$REF1°

cat $REF1 | bioawk -c fastx -v line="$STRAIN1" *{print
line","length($seq)","length($seq)}' | sort -k3rV -t "," | awk -F "," -v
len="$LEN1" -v type="$TYPE1" 'OFS=","{ print
$1,%2,type,(sum+0)/len; sum+=$3 }' >> length.csv

74
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Mamba AX| Sl =230 MX|]

conda create -n assembly2

conda activate assembly2

mamba install -c bioconda -c conda-forge -c r assembly-stats
bioawk shasta canu hifiasm busco svim svim-asm r-ggplot2 r-

reshape?2 r-tidyverse
# AA = APESF AT EE

||""
i
5

conda activate assembly?2
# 22 & 2/Z 9/ (base)f (assembly) = HEE Z 20

75

.

Visualization

#RO|M X RISHH = HO| 20| R .
setwd("length.csv")

library(ggplot2)
contig_cumulative_sum_df <- read.csv("length.csv", header = TRUE)
contig_cumulative_sum_df$type <- factor(contig_cumulative_sum_df$type,
levels=c("scaffold", "contig")) # or any

other assembly types

plot <- ggplot(data=contig_cumulative_sum_df, aes(x=coverage,
y=length/1000000, color=line)) +

geom_vline(xintercept = 0.5, linetype="dotted", size=0.5) +

xlim(0, 1) +

geom_step(aes(linetype=type)) +

labs(x = "Cumulative coverage", y = "Length (Mb)")
'pdf("coverage.pdf",width=4,height=3,paper='special')

||""
g
|.E_
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SV calling

Read-based SV calling Assembly-based SV calling
Insertion Deletion
e Insertion Deletion
2. . T | Ng_vy_ assembly |
e i e e (R o e e L e e e

I Reference | | Reference ]
Y2 read depth2= 7ts=X4 20X 0|42 read depth R = H|¥
False positive, false negative & Z}EF M Etst
SEMAZFEH EY AssemblyPt E[0{QUSH 24 A7 & O %S

=F: population studyEf':” MR e M™Mo g He|7F ™
= 9| assemblyE 20| backbone P11, 11 F
W& 2| low-depth long-read data 22 5j| & EH 24 0] ALE S

SV calling &

minimap2 -a -x asmb --cs -r2k -t 3 reference_genome.fa
${PREFIX}.h1.fa | samtools sort -m4G -@ 3 -O BAM -0
${PREFIX}.h1_to reference _genome.bam

samtools index ${PREFIX}.h1_to reference_genome.bam

svim-asm haploid ${PREFIX}
${PREFIX}.h1_to reference _genome.bam reference _genome.fa
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Al A
=

SV calling &

grep "DEL"

grep "INS"

grep "INV"

grep "DUP"

grep "DUP: TANDEM"

grep "BND"

S 89| CtYst variant M E 291 7t

79

BED format

& 718 &:

1 Z & chromosome (CHE IO U=
2t ?E*E* A ZF R K[(= X}

3T HEH: £ }X|(=A

e ™ A0 = tabl = T2 E|0{0F 5tH, HE E[0f A0{0F
bedtools 7‘*3 i
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BED format

71& 7| &2

1 Z&: chromosome (CHE IO
2H A= AE f{X|(=Al)

3H ZEH: & X|(=A

ZEt A AO|= tab2 2 250 0F 5tH, FE &[0 QLO{OF
bedtools M & 7t

i
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junkim@cnu.ac.kr
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