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First letter

Second letter

¢ G

uuU ucu’ UAU UGU u
uuc}Phe ce e UAC}Tyr UacJors | ¢
UUAY, o | UCA UAA Stop|UGA Stop| A
UUG UCG] |UAG Stop|UGG Trp |G
CUU ccu’ CAU}His CGU u
cue Il [eceil Jleac el (e
CUA CCA }Gln CGA [ | A
el Gee | CAC ECE G
AUU ) ACUY |AAU AGU u
AUC file |ACC | AAC}Asn Ac;c}Selr E
AUA | ACA ARAY s |AGAY A | A
AUG Met|ACG] |AAG AGG G
GUU) GCU) GAU} Asp | GGU u
GUC [\, |6CC |, |6ACI™P JGac | |C
GUA GCA }Glu CEA[HPA
GUG | GEE | GG Gee ©
™ E5 (Genetic Codon) &A

Third letter
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Frederick Sanger

OM CH CBE

SO o
+ ol&2l B (1951, 3071 amino acid A1)} 2 % %e00%
. Ql&2l A (19524, 217 amino acid M) Q % - 39
Clou J Ser
ohe{siH| 2 S

I Sk BN

« 197549 A& Z&(Alan Coulson)zt SH HEHTY DNA sl 'S (Plus and
Minus technique)2 THS0{ BIH[Z| QIEX| X174 TN ME S BIS{LHO] XX E
DNA SN E sHSUOLL SHA 0| QLY

« 197749 MO HREI2 AFESEH(Chain-termination method),
UH Mool sH =2 MO{A|AM S LS 27| MO 2 DNA MEE s = JA

19181 8% 13
AZUE ZRAEM =R
20134 118 192 (&4 95H))
olgdc HEa|X|M #Heeax|
SiE g=

AstetRt

A J=2|X| cistn MQIE EA Ha|X|
(M3t3t / M.Sc.)M
AYL2|X| cstm MIE EA HE|X|
(M3}t / Ph.D.)2
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0|2 2SS 2 H MIE]
(National Center for Biotechnology
Information, NCBI)

19881 M2l
« PubMed: 2™Hutst gl o|st =2 DB

« GenBank: 84| M€ DB
« SRA: A2 4 H|O|E| ArchiveE DB

https://ko.wikipedia.org/wiki/0|=_ZgMESSHHHE

EE  An official website of the United States government Here's how you know v

m National Library of Medicine

National Center for Biotechnology Information

All Databases & ‘

NCBI Home

Resource List (A-2)
All Resources

Chemicals & Bioassays

Data & Software
DNA & RNA

Domains & Structures

Genes & Expression

Genetics & Medicine

Genomes & Maps

Homology

Literature

Proteins

Sequence Analysis

Taxonomy

Training & Tutorials

Variation

Connect with NLM

®®@

Welcome to NCBI

The National Center for Biotechnology Information advances science and health by providing access to
biomedical and genomic information.

About the NCBI | Mission | Organization | NCBI News & Blog

Submit Download Learn

Deposit data or manuscripts Transfer NCBI data to your
into NCBI databases computer

Find help documents, attend a
class or watch a tutorial

Develop Analyze Research

Use NCBI APIs and code
libraries to build applications

Identify an NCBI tool for your
data analysis task

Explore NCBI research and
collaborative projects

COVID-19 Information

Public health information (CDC) | Research information (NIH) | SARS-CoV-2 data (NCBI) | Prevention and

treatment information (HHS) | Espariol

FOLLOW NCBI

f in ()

National Library of Medicine Web Policies
8600 Rockville Pike FOIA
Bethesda, MD 20894 HHS Vulnerability Disclosure

NLM | NIH | HHS | USA.gov

Popular Resources
PubMed
Bookshelf
PubMed Central
BLAST
Nucleotide
Genome

SNP

Gene

Protein
PubChem

NCBI News & Blog

Using Average Nucleotide Identity (ANI)
to Expose Potentially Problematic

Taxonomic Merges
02 Aug 2023

Haln 11e imnrava atir micrnhial tavanamy
New Annotations in RefSeq!

24 Jul 2023
In April, May, and June, the NCBI

Eukaryotic Genome Annotation
Pipeline released eiahtv-two new

New and Improved SciENcv Biographical
Sketch Experience Coming Soon!
20 Jul 2023

Required for NSF grant application

siihmissinns haainnina Octohar 2023 We

More...

Help
Accessibility
Careers




Human
Genome
Project

20004 2=
U4H

J. Craig Venter
(left)

Bill Clinton
(center)

Francis S. Collins
(right)

DECODING THE
BOOK OF LIFE

/insights/the-human-genome-project-in-2020-hindsight/
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20034 Human Genome Project 322t HE01

CHEE RTAM HIO|E Hg2| AlCH i

1990 1991 1992 1393 1994 1995 1996

LS
gcncm - -

1998

GTCCT

Chinesz Natorel Hursan Geseme (eaters
[in Befag ead Sharghei) evickished

1999

2000

2001

Scignoe

:'?:. nawre

2002
|

namrce

2003
Finished
version of
human
genome
sequence

https://www.stressmarg.com/june-26-2000-dna-sequence-released-by-human-genome-
project/?v=3e8d115eb4b3
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The complex interactions in biological systems

=] nae. -
GENOME o i VE
> 30 000 s, )

ENVIRONMENT
(DIET, AGE, LIFESTYLE,
DRUG, DISEASE)

TRANSCRIPTOME
> 30 000
PROTEOME -
> 100 000 including » ”
post-translation R
modifications pH ENOTYPE
METABOLOME SRS AR

> 6500 endogenous and
exogenous metabolites

17 FHo|2E |
*  DunnWB et al Chem Soc Rev. 2011 BIO-ID E'.
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DNA or RNA

RNA

www.biologyexams4u.com

e N e N ey N ey

v

-

Coding genes
Non coding genes

Mitochondrial genes

Chloroplast genes P

v

\_

Protein coding
mRNA
Non coding RNA
(tRNA, rRNA)

.

v

4 )

Enzymes
Structural proteins
Functional proteins

v

4

\Non structural proteins )

\&

Amino acids A
Sugars
Lipids
nucleotides )

*  https://www.youtube.com/watch?v=FJ5iN-vOMFM
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DNA or RNA

«  https://www.youtube.com/watch?v=FJ5iN-vOMFM
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2. Next-Generation Sequencing (NGS)




Next-Generation Sequencing (NGS)2| &gt

First generation Second generation
(next generation sequencing)

Third generation

N
Sanger sequencing 454, Solexa,
Maxam and Gilbert lon Torrent,
Sanger chain termination lllumina
Infer nucleotide identity using dNTPs, High throughput from the
then visualize with electrophoresis parallelization of sequencing reactions
500-1,000 bp fragments ~50-500 bp fragments

PacBio
Oxford Nanopore

Sequence native DNA in real time
with single-molecule resolution

Tens of kb fragments, on average

Short-read sequencing

21

https://www.pacb.com/blog/the-evolution-of-dna-sequencing-tools/

Long-read sequencing
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Genomic DNA are sheared
0 7D Ng Z@(@ l and ligated to adapters
DNA(DeoxyrlbonucIelc Acid) '

T G

! | i

Base Pairs

Chromosome Next-generation sequencing

Telomere

""'""" “"""" '“"" i
Fragmentation End conversion Adaptor ligation Library amplification £

® " Electrophorsesis Cyclic array sequencing
_e— 0} p—t = (1 read/capillary) (>10° reads/array)
— o8 ) e —— Cycle 1 Cycle 2 Cycle 3
E—— a1 A _\® B
@): \'&) = =

- MAN AN
What is base 1? What is base 2? What is base 37

22 (F)HoIF
Ang MY et al. Clin Chim Acta. 2019;498:38-46 BIOW
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NGS &2

a. b.
T— e
| ——— _
= ==
Genomlc DNA are sheared
l and ligated to adapters —
L ——
[ ——— | E—
]
NGS Reads
Next-generation sequencing
| P |
[
—
Sequence Identifier [ ]
Nucleotide S
2 NN R ey Reference Genome
2560 1D £
TCGATTGLCATTGTTACC TGAAG TCCGTAGKATGACGAT TGACGT Alignment of reads to reference genome
M:’?&W«Mﬂ:ﬂm
NGS Output in FASTQ format ~ QScore in ASCIl farmat
(B =
=
| Em—— e
o —

De novo assembly of NGS reads

S without reference genome
|

Quality control with FastQC

23 FHles ‘
Ang MY et al. Clin Chim Acta. 2019;498:38-46 BIOTD Ev




HiSeq HiSeq 2500 NextSeq 500 MiSeq
XTen | Hiseq | Truseq | Rapid | Rapid | High- | Mid- v3
v4 v3 v2 output | output
Read 2x150 | 2x125 | 2x100 | 2x250 | 2x150 | 2x150 | 2x150 | 2x300
Length (bp)
Run Time | 3% 6% 11 | 60AIZE | 40A|ZF | 29A|ZF | 26A|2F | ~65A|2t

Total 18Tb | 1Tb ~600 ~300 ~110 ~100 ~36 ~ 55
Output Gb Gb Gb Gb Gb Gb
Ct read | 609 | 409 | 309 129 6% 49 139 | 2854
2= ol
Quality >75% | >80% | >80% | >75% | >75% | >75% | >75% | > 70%
Score above | above | above | above | above | above | above | above

Q30 Q30 Q30 Q30 Q30 Q30 Q30 Q30

24 (F)HO|2 &
https://m.ibric.org/miniboard/read.php?id=2278&Board=report BIO-ID E'.




NGSQ| IjZ=

20 years of life science data
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

454 GS 2( ) lllurhina Novaseq
lllyming Solgxa PhcBig RS/l ONT GridiQN | PagBio Bequel I
10,000 Roche 6S FLX IIumEa Hiseq [2500 llufnina|Minigeq | llluminaliSeq|100| PagBio $equel lle L100Pb
lllymina Gerjome{ Analyzer, lllymina Mispq [llumiha Nextsgq 50p  BGISEQ 5 ONT Prometh|ON _ il
Life [Techf{lon PGM ISEQ 530 I i
lllumjna Hiseq|200( PgcBio|Sequel A IR 51.96Pb
PacBjo RS T MinION
1,000 T F ol -10Pb

Q

>3 N O O I . Y O -1Pb

= 00 i Moore’s Law for g

é’ sequencing cost 7
D
(4]

= J N O H100Tb 2,

L = >

o 10

c )

: 5

=N N O O N I O I RN -10T

3 0Tb

7 R 1 N N

1000 Genome ’
Project Jaunghed Moore’s Law for L1Tb
data growth
0.01 HapMapProject ( ( | | ( | | | ( | | + .
' fauied Watson's Genome
Mouse Genome Sequenged :
bveheed | pderductleg | || 1| £ -100Gb
Spquenced | p@p | qunctied oflis My
Humap Gefiomg )
0.001 Sequenced G Completd UKT0K UK100K /L(S1g(;(‘( Gspé 000}2( CN100K 6H"[300
JP BBP Launghed | ‘ Prokset Lisuiiahsd HGPF 100 FR oM 20 5CN M UK 500 i OKT | | |

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
Timeline ol ;
Jiang et al. Ccf Transactions High Perform Comput 3, 344-352 (2021). BIO-ID k‘.




Table 1: NovaSeq 6000 System flow cell specifications

L
-*— N G S H I QI 3 Flow cell
SP S1 S2 S4
type
Lanes per > 5 g
flow cell
Output per flow cell®P
1x35bp N/A N/A N/A 280-350 Gb
2x50bp 65-80 Gb 134-167 Gb  333-417 Gb N/A
134-167 266-333 667-833 1600-2000
skl Gb Gb Gb Gb
5% 150 200-250 400-500 1000-1250 2400-3000
P Gb Gb Gb Gb

2 x 250 bp 325-400 Gb N/A N/A N/A
Singlereads o ocneB  1.3-1.6B 3.3-4.1B 8-10B
CPF
Paired-end
reads CPE 1.3-1.6B 2.6-3.2B 6.6-8.2B 16-20B
Quality scores®
1x35bp Q30=90%
2 x 50 bp Q30 90%
2 x 100 bp Q30=85%
2 x 150 bp Q30 = 85%
2 x 250 bp Q30=75%
Run time?
1x35bp N/A N/A N/A ~14 hr
2x50bp ~13hr ~13hr ~16hr N/A
2 x 100 bp ~19hr ~19hr ~25hr ~36 hr
2 x 150 bp ~25hr ~25hr ~36 hr ~44 hr

26 2 x 250 bp ~38hr N/A N/A N/A
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*I *I II_H Vo) ' E:I Table 1: NovaSeq 6000 System flow cell specifications
M NGS HH|2| =
type
Lanes per 5 5 5 4
flow cell
Output per flow cell®P
1x 35bp N/A 280-350 Gb
e 2 x 50 bp 65-80 Gb Gb N/A
= 134-167 667-833 | 1600-2000
ET - Cb Gb Gb Gb
5% 150b 200-250 400-500 1000-1250 2400-3000
P Gb Gb Gb Gb
2 x 250 bp 325-400 Gb N/A N/A N/A
Singlereads ) s5088  1.31.68  3.3-4.1B 8-10B
CPF
Paired-end
1.3-1.6B 2.6-3.2B 6.6-8.2B 16-20B
reads CPF o
Quality scores®
1 x 35bp Q30 = 90%
2 x 50 bp Q30 = 90%
2 x 100 bp Q30 = 85%
2 x 150 bp Q30 = 85%
2 x 250 bp Q30= 75%
Run time®
1x 35bp N/A N/A N/A ~14 hr
2 x 50 bp ~13 hr = e ~16hr N/A
2 x 100 bp ~19hr ~19hr =25 hir ~36hr
| 2x150bp ~25hr ~25 hr ~36hr ~44 hr
7 2 x 250 bp ~38 hr N/A N/A N/A

O

BlIOTO k:




NovaSeq™ 6000

28

Table 1: NovaSeq 6000 System flow cell specifications

ddisae SP S1 s2 s4

type

Lanes per 2 ) 4

flow cell

Output per flow cell® b

1x 35bp N/A / \,\ 280-350 Gb

2 % 50 bp 65-80 Gb }08(1\0 Gb N/A

134-167 _ 667833 | 1600-2000

S DR Gb b Gb Gb

— 200-250 400-500  1000-1250 | 2400-3000
P Gb Gb Gb Gb

2x250bp  325-400 Gb N/A N/A N/A

SlEHSoEE e 8-10B

CPF

- Qryza sativa Ll 5;; i ::Z//Z

2 x 250 bp Q30 = 75%

Run time“

1 x 35bp N/A N/A N/A ~14hr

2 x 50 bp ~13 hr ~13 hr ~16 hr N/A

2 x 100 bp ~19hr ~19hr ~25hr ~36hr
| 2x150bp ~25hr ~25 hr ~36hr ~44 hr

2 x 250 bp ~38hr N/A N/A N/A

() HE
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Short Reads

< Fragment length g
b )
g, Adapter Adapter g,
Read 1 Read 2
< >
Inner distance
< >
Insert size
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Short Reads | I l | I
1M | []Ul[]ﬂ] nnu lUD'U _}_"# l

< Fragment length >
b )
g, Adapter Adapter g,
Read 1 Read 2
< >
Inner distance
< >
Insert size
30
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Short Reads
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FASTQ

Fragment length

<

>

5’ Ad 3
3 apter Adapter o

Read 1 Read 2
4 < > . |
Inner distance
< >
Insert size
Read 1 file (FASTQ) v Read 2 file (FASTQ) v
Label Label
Sequence Sequence

@FORJUSPO2AJIWD1 @FORJUSPO2AJWD1
CCGTCAATTCATTITAAGTTTTAACCTTGCGGCCGTACTCCCCAGGCGGT CCGTCAATTCATTITAAGTTTTAACCTTGCGGCCGTACTCCCCAGGCGGT

:99@: :: : ??@@: : FFAAAAACCAA: : : : BB@@?A? :99@: :: : ??@@: : FFAAAAACCAA: : : : BB@@?A?

Q scores (as ASCII chars) Q scores (as ASCII chars)
Base=T, Q0=""=25 Base=T, Q0=""=25§
35

https://www.drive5.com/usearch/manual/fastq_files.html

(FHIO|QE
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FASTQ

Fragment length
< g g >
S Adepter  _________ Adapter i
3’ Adapter Adapter 5)
Read 1 Read 2
» < > -
Inner distance
< >
Insert size
Read 1 file (FASTQ) v Read 2 file (FASTQ) v

Label Label
Sequence Sequence
@FORJUSPO2AJIWD1 ?/\,0 \
CCGTCAATTCATTITAAGTTTTAACCTTGCGGCCGTAC (\ }0'\}0 V' \AGTTTTAACCTTGCGGCCGTACTCCCCAGGCGGT
]
9@: :::??@@: : FFAAAAACCAAY = 9@: :::??@@: : FFAAAAACCAA: : : : BB@@?A?
’ Q scores (as A Se quenc\n Q scores (as ASCII chars)
Base=T,0=":"=25 Base=T, Q0=""=25§
36

(FHIO|QE

« https://www.drive5.com/usearch/manual/fastq_files.html BIO-ID E‘.
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< Pipeline for QTL-mapping

Pre-processing

Read alignment

Variant detection

Map construction

QTL analysis

Short reads
sequencing data

v

< Pipeline for GWAS

Short reads
sequencing data

Pre-processing

De-multiplexing

h 4

Adapter trimming

A 4

Quality filtering

v

de-multiplexing

Adapter trimming

»  Quality filtering

v

Mapping to
reference genome

|

Construction of
matrix

l

SNP filtering

v

Read alignment

v

Mapping to
reference genome

T

|

Variant detection

v

Construction of
matrix

|

SNP filtering

Genome Wide Association Study

SNP genotyping

A 4

Linkage mapping

N Construction of

genetic linkage map

I
[
v

GWAS

Selection of

significant SNPs

]

v

QTL mapping

—> QTL detection

38
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NGS Cl|O]E| =41 m{o]ZZ2tQl (04 Al)

< Pipeline for QTL-mapping

Pre-processing

Read alignment

Variant detection

Map construction

QTL analysis

Short reads
sequencing data

v

De-multiplexing

A 4

Adapter trimming

A 4

Quality filtering

v

Mapping to
reference genome

|

Construction of
matrix

l

SNP filtering

v

\ o

SNP genotyping

A 4

Linkage mapping

- Constructiol

genetic linkag

]

v

QTL mapping

—> QTL detection

39

< Pipeline for GWAS

Short reads
sequencing data

Pre-processing

v

de-multiplexing

Adapter trimming

> Quality filtering

Read alignment *
Mapping to
reference genome
T
[
v

Wf’\/“\ )"'f@

Variant detection

a_V\)(/ DMUV\OV\

Construction of
matrix

|

SNP filtering

I
[
v

\
ociation Study

GWAS

Selection of

significant SNPs

(FHIO|QE
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M &oll ExHot= Ct

Single Nucleotide
Variant

— I —>

" a—>

Interspersed
Duplication

——

— e — i —

« https://www.pacb.com/?page_id=9004

Deletion Insertion
_ — R
— _ —
Inversion Translocation
— _ >
— > ] : o
Types of Variants

40

Tandem
Duplication

a—>

— I —

Copy Number
Variant

L] >
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SNP HO|

My Sample

|

Reference Genome

<
o)
—
&)
&)
<
—
&
<<
<
&)
<
&)
—
—
&
<<
<
&)
—
&)
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AACTAGAGAACTATZCSG
AACTAGAGAACTAC

T
T

G
G
A
G

AACTAGAGAACTA
T GAACTAGAGAACTAZCSGT
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3,261,400 bp 3,261,410 bp 3,261,420 bp 3,261,430 bp
. | | 1 I 1 1 1 1 .
B tracks loaded [[®{[chror-23,130 Il |[131m of 536M — =
seq_sorted bam Coverage
4
—2—]
—2—]
—2—]
seq_sorted bam —_——
—2—]
—2—
|
—2—]
v
Sequence =»[[TecTTTTCTTTTG GT CCTTCCATTTTTCACT GTATTGTTTG a
43 -
B tracks loaded [ [ehro1:3,254,983 | |Jpsm of 536m

DIVITV I




NGSZ CHZF AZAHE SNP =l

| B -1

\”

/Aa

\
/:_’ P1(S) (R) P2

Selfing

VYWV byy

1=

Generation of large F2 population

323

m.

v
Extraction of DNA from tissue of each individual

Genotyping using polymorphic primers

Agarose gel electrophoresis of PCR products

Marker-assisted selection (MAS)

« https://jgeb.springeropen.com/articles/10.1186/s43141-021-00231-1
« http://www.knowledgebank.irri.org/ricebreedingcourse/Marker_assisted_breeding.htm

= = o XN
5> =Xs5
CONVENTIONAL BACKCROSSING
¢ ,‘//
v ¥
B, x B

}
Py X Fy
|

BC1

VISUAL SELECTION OF BC1 PLANTS THAT
MOST CLOSELY RESEMBLE RECURRENT

PARENT [/,
Y/

44

MARKER-ASSISTED BACKCROSSING

s
o

s
Pox é,

BC1

USE ‘BACKGROUND" MARKERS TO SELECT PLANTS
THAT HAVE MOST RP MARKERS AND SMALLEST %

OF DONOR GENOME

R LCOl ML AL

FA08 (8080 [NACK WAL
LGP

BC2

o

BloTokt



NGS for Marker Discovery
I

w = o -
o . . = Whole Genome )y . . = Reduced Representation
3 (2] (=] 5
g Amplicon Sequencing & Sequencing = Transcriptome Sequencing S Sequencing
: 3 g g
R = o Y
— il n
£ £ 2
Designing genome specific - - = . Restriction site based
<< primer Library preparation § cDNA synthesis Reduction of complexity
©
S
=
A 4 Y Y
- N PCR amplication of
PCR amplication PCR amplication resulting fragment
. . . . Sequencing of amplified Sequencing of amplified
Sequencing of amplicons Library sequencing cDNA fragments fragments

v

Sequence Alignment and
Marker Discovery

Diversity analysis QTL mapping o ssf :i::iT: -r:'lNalg:ing Genomic selection Mar;(eelz-catsi‘s):sted

BloTok:




NGS for Marker Discovery
I

Reduced Representation
Sequencing

Whole Genome

Sequencing Transcriptome Sequencing

Amplicon Sequencing

WGS (2001)

RAD-seq (2011)

Restriction site based

Designing genome specific
Reduction of complexity

primer

Amplicon (1992)

Library preparation cDNA synthesis

Transcriptome (1999)

A 4

PCR amplication of
resulting fragment

PCR amplication zué Seq“%\l\u ‘/‘9 )

Sequencing of amplified

Sequencing of amplified

Sequencing of amplicons Library sequencing cDNA fragments fragments

v

Sequence Alignment and
Marker Discovery

Diversity analysis QTL mapping o ssf :i::iT: -r:'lNalg:ing Genomic selection Mar;(eelz-catsi‘s)l:ted

BloTok:




Sequencing 7|0 I} X}0] (1/2)

WGS
e

Restriction Enzyme site
- I N O S S I N

Gene

RNA-seq -y
G B B IS G

BloTo k.




Xto] (2/2)

=
| S

Sequencing 7|H0f| Lt

GBS RNA-seq

WGS

KXt coding Y

Restriction Site 212 g

ar
80
<l
jild

2Gbp ~5Gbp / ME

Hl

==

1Gbp / &

genome 7|& 10X ~ 30X / MZ

o0
<0
T
=

Kk

FHA 2]

sequencing & &7t

Hir
=0

0

MEg sequencing & 37t

i
<

ke

nO0

=

K
<

=

il

<

—h

o

<0
<

Hl

or
o

48

BloTO

k.




VEVEVE"R\"RRRRVR R

A A ADa A

r-| s Marker-assisted HH (HH) HH HH HH

selection (MAS)

Xo
83

1

- Xume2se -
179
T Xgwms70

Marker-assisted
backcrossing (MAB)

899~ xoaz 148.0 —5— Xume254

Linkage Map

Reference Genome

Next-Generation

|:> 2EABOE

Sequencing
Association Mapping SIAX| & O
. Scores of PCA
QTL Mapping ;
Statistical b | X [ ]
[ ] 8
e — 4
[
——
| ——————|

Linkage
disequilibrium

Likelihood ratio ©
8888

o 3

laansa aanan B aaa

0 60 &
Testing positon (cM)

(o)
VAL
/I- T (FHIO|QE

BloTok:




@HIo|2% |
BIOTOk:

4. NGS H|0|ElE 02 EA5=71?




[ Edit View Session Scripts Toolbelt Window  Help

+ Cuith

Load average: 0.20 0.13
Uptine: 115 days(1), 22:28:
PID USER. PRI NI VIRT RES SHR S CPUWEWs TIME:  Comnand

2001 0.0 15

46" /usr /bin/ containerd-shin-runc-v2 -nanespace noby ~id bdb3
03 /usr/sbin/nysqld —basedir=/usr —datadir=/var/lib/nysql
8 usr/sbin/nysqld —basedir=/usr —datadir=/var/Lib/nysql
s00 “nanespace noby ~id bdbs
20424 18604 apache2
2 backup & igu
bin B numpy_a.txt
R

daenon —systen —address=systend: —nofork
ritanager n
tance —foreground

st /bin/python3 /usr/bin/networkd-dispatcher —run-startu

Jusr/\ib/policykit-1/polkitd —no-debs numpy_a. txt

usr/sbin/ rs “n -INONE P R

wd-logind 4 r_package_installation
0 /run/upa_supplicant P report

RilAseq_paraneters.R

K src

088 K thinclient_dri

2.mount14T

2work

Jusr/ibexec

o x
2 0 s 8
ESearchigFiie: R @l

panded Security Maintenance for Applications is not enabled. i

15 updates can be applied imediately. I

o see these additional updates run: apt List —upgradable “

additional security updates can be applied with ESH Apps. APOCT WM AT local/man:
earn nore about enabling ESH Apps service at https://ubuntu.con/esn e s
LiGeen U

New release '22.04.2 LTS' available, ANGeen.
port. L RUT

Run ‘do-release-upgrade" to upgrade to it port LING="ko_K

Your Hardware Enablenent Stack (WHE) is supported until April 262
o Systen restart required ek # Preferred ec o and remote
Last login: Mon Aug 7 18:49:45 2023 from 192.168.0.37 P o e et
3 + (with jkeso1 QENEETTICENCY

+/100.vork/naas_ohias

+ (with jkeeso! QEENEETIPIEENC)

bioto 4.0

overriding tho
Aliases can be

counts._stranded_re
Counts.unstranded_no
mapping

apping. stranded
napping. unstranded
MapToCandidate
MapToCaplt

& reference

o KB
3k bioto 4.0

Pite
| e e - 2o Cutrsn) G - I insertquotedr

so1

501 QEEETETEEERC)

o ot 05:00:19 0% o

Gt 06:45:30 25 0

CLI vs. GUI

Ak

New release '22.04.2 LTS availabl

ot 6:49:14 07 © Run ‘do-release-upgrade" to upgrade ¢

Your Hardvare Enablement Stack (WE) is supported until April 20}
#4% Systen restart required +x+
Aug 7 18:50:09 2023 from

ork/100. work/naas eon/230710_as

cad -n 4 KGinapped 1 cut1go.fa
1:562:H33CS05X7:3: 1101:1027: 16047/1

GCTTTCGGTACATGGGCCTGTACGTCCATGATCGTCGCTTGITT
oo

FFFLFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFT.
FF:FF:FFFFFFFFF, FFFF, FFFF

00 you st have trase ool
loanad you7 I 0ot 8 few
proects o the house o co

it o v somays ey romete

Arcade

-aw,an""l:ﬁ Lia Lorgo @

Create

" Work
Xit("ERROR: You haven't pro Pray
path. isfile(args. input)

exit("E: ite, s

utput is None:

output = args. input + .o
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e
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Categories

ey Py
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rstrip(
for el in Line.split(args. sep)

i < ten(args. forbidden)
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@ iTerm2 Shell Edit View Session Scripts Profiles Toolbelt Window Help A K £ %l @ —s8 0 BB O (A 8 = su7y@eses?

o000 htop (ssh) 1 ~ (ssh) 31 [ X N J -.0710_assembly (ssh) se1

New release '22.04.2 LTS' available.
v ( [EROIRICEIN at 06:49:14 2 F O Run 'do-release-upgrade' to upgrade to it.

e[el 6[0] 12[4] 18[0] 24[e] 3e[e] 36[0] 42[0] 48[0] 54[0] 60[0] 66[0] 72[0] 78[0] 84[0] 90[0] »
1[e] 7[0] 13[e] 19[e] 25[e] 31[e] 37[0] 43[e] 49[e] 55[0] 61[e] 67[0] 73[e] 79[e] 85[0] 91[0]
2[0] 8[0] 14[0] 2e0[e] 26[0] 32[0] 38[0] 44[0] 5e[e] 56[0] 62[0] 68[0] 74[0] 80[o] 86[0] 92[0]
3[e] 9[e] 15[e] 21[e] 27[e] 33[e] 39[6] 45[e] 51[e] 57[0] 63[0] 69[e] 75[0] 81[e] 87[0] 93[0] 4
4[0] 1e[e] 1e[e] 22[e] 28[@] 34[0] 4e[0] 4e6[0] 52[e] 58[0] 64[0] 7e[e] 76[0] 82[0] 88[0] 94[0]
5[0] 11[el 17[e] 23[e] 29[e] 35[0] 41[@] 47[e] 53[e] 59[0] 65[0] 71[e] 77[e] 83[0] 89[0] 95[0]

Your Hardware Enablement Stack (HWE) is supported until April 2025.
v ( [EAOIRINCENIN at 06:49:15 2 F O k% System restart required kk
Last login: Mon Aug 7 18:50:09 2023 from 192.168.0.37

’E_ QB IR ot 06:51:34 2= O

cd /work/100.work/naas_ohjaehyeon/230710_assembly

B M QUL LY ot 065136 9% 0
118

Swpl ||

2.66G/46.6G] Load average: 0.20 0.13 0.04
Uptime: 115 days(!), 22:28:27

v (with jkeBSo1

[ X X J
Mem[ | []]]] 8.94G/1007G] Tasks: 548, 2215 thr, 955 kthr; 1 running >E_ + (with jkeBSo1
111

I S TIME+ Command -rwxrwxrwx jk bioto 1.1 KB Mon Jul 10 12:33:04 2023 @ command
Q R 1 Q 09 htop drwxrwxr-x jk bioto 4.8 KB Mon Jul 10 12:13:25 2023 = KG1_assm
2689209 root 20 0 703M 4068 2500 S 0.6 0.0 .46 /usr/bin/containerd-shim-runc-v2 -namespace moby -id bdb63 » v ( AGIRECEN N at 06:49:15 2 & .rw-r——r-- jk bioto 892 MB Mon Jul 10 ©9:32:56 2023 @ KGlmapped_l.fq
2689493 systemd-ti 20 0 2492M 77692 7828 S 0.6 0.0 03 /usr/sbin/mysqld —basedir=/usr —-datadir=/var/lib/mysql - cd .rw-rw-r-- jk bioto 8.9 MB Mon Jul 10 ©9:51:23 2023 3 KGlmapped_1_cut100.fq
3573416 systemd-ti 20 0 2204M 1332 968 S 0.6 0.0 05 /usr/sbin/mysqld —basedir=/usr --datadir=/var/lib/mysql - .rw-r—r— jk bioto 893 MB Mon Jul 10 09:32:57 2023 [} KGlmapped_2.fq
3695379 root 20 0 703M 4068 2500 S 0.6 0.0 19 /usr/bin/containerd-shim-runc-v2 -namespace moby -id bdb63 »C_ IAQUBLGEIN ot 06:49:19 2% © .rw-rw-r— jk bioto 8.9 MB Mon Jul 10 09:51:29 2023 3 KGlmapped_2_cut100.fq
3847895 root 20 0 212M 24424 18604 S 0.6 0.0 @8 /usr/sbin/apache2 -k start s drwxrwxr-x jk bioto 4.0 KB Mon Jul 10 ©9:39:43 2023 = KG2_assm
1 root 20 0 172M 11236 5084 S 0.0 0.0 04 /lib/systemd/systemd —-system —-deserialize 21 & backup & igv & r_package_installation ® RNAseq_parameters.R work | .rw-r——r— jk bioto 537 MB Mon Jul 10 ©9:32:57 2023 0 KG2mapped_1.fq
2551 root 20 0 3472 2176 1964 S 0.0 0.0 61 /sbin/mdadm —-monitor —-scan B bin B numpy_a.txt & report & src z.mount14T b .rw-rw-r—— jk bioto 8.9 MB Mon Jul 10 09:53:10 2023 0 KG2mapped_1_cut100.fq
3728 root 20 0 11300 11280 2560 S 0.0 0.0 63 @sbin/mdmon ——offroot ——takeover md126 B data = R D Results.zip & thinclient_drives B z.work - .rw-r——r—— jk bioto 537 MB Mon Jul 10 09:32:58 2023 @ KG2mapped_2.fq
3876 root 20 0 11300 11280 2560 S 0.0 0.0 60 @sbin/mdmon ——offroot —takeover md126 3 .rw-rw-r—— jk bioto 8.9 MB Mon Jul 10 09:53:14 2023 0 KG2mapped_2_cut100.fq
4306 root 20 0 2548 1680 1680 5 0.0 0.0 91 /usr/sbin/acpid »E_ v (with jkessol (ETNIRERFIIEE drwxrwxr-x jk bioto 4.@ KB Wed Jul 12 10:10:15 2023 & platanus_KG1
4313 root 20 0 10724 2068 1956 S 0.0 0.0 82 /usr/sbin/cron -f iGL «rw-r——r—- jk bioto 158 KB Tue Jul 11 18:26:35 2023 @ platanus_KG1_39_remained_39merFrg.tsv
4316 messagebus 20 0 11020 4984 2380 S 0.0 0.0 70 /usr/bin/dbus-daemon —-system —address=systemd: —-nofork drwxr-xr-x jk bioto 4.0 KB Sat Apr 23 23:19:42 2022 = backup drwxrwxr-x jk bioto 4.0 KB Wed Jul 12 12:28:55 2023 &= platanus_KG2
4317 root 20 0 410M 8212 5520 S 0.0 0.0 30 /usr/sbin/NetworkManager —no-daemon ~ lrwxrwxrwx jk bioto 32 B Sat Apr 23 23:19:58 2022 & bin «rw-r——r—- jk bioto 232 KB Tue Jul 11 18:30:43 2023 @ platanus_KG2_39_remained_39merFrg.tsv
4321 root 20 0 82416 2540 1952 S 0.0 0.0 46 /usr/sbin/irgbalance —-foreground ~ lrwxrwxrwx jk bioto 5B Tue Feb 8 16:25:48 2022 &1 data .rwxrwxrwx jk bioto 243 B Mon Jul 10 12:11:36 2023 @ soap_KGl.config
4324 root 20 0 41316 2016 2016 S 0.0 0.0 .06 /usr/bin/python3 /usr/bin/networkd-dispatcher —-run-startu drwxr-xr-x jk bioto 4.0 KB Wed Jul 12 16:11:35 2023 & igv .rwxrwxrwx jk bioto 227 B Mon Jul 10 12:33:09 2023 3 soap_KG2.config
4327 root 20 0 237M 6580 3984 S 0.0 0.0 .15 /usr/lib/policykit-1/polkitd --no-debug .rw-r——r—— jk bioto 399 B Sat Jul 1 07:30:45 2023 B numpy_a.txt drwxrwxr-x jk bioto 4.8 KB Mon Jul 10 12:15:38 2023 = spades_KG1
4329 syslog 20 0 219M 4088 2480 S 0.0 0.0 .80 /usr/sbin/rsyslogd -n —iNONE drwxr-xr-x jk bioto 4.0 KB Mon Jul 17 19:55:51 2023 & R drwxrwxr-x jk bioto 4.0 KB Mon Jul 10 12:21:36 2023 & spades_KG2
4336 root 20 021404 5640 3244 S 0.0 0.0 .12 /lib/systemd/systemd-logind drwxr-xr-x jk bioto 4.0 KB Thu Apr 27 16:05:19 2023 & r_package_installation
4342 root 20 0 13696 1852 1824 5 0.0 0.0 .57 /sbin/wpa_supplicant -u -s -0 /run/wpa_supplicant drwxr-xr-x jk bioto 4.0 KB Sat Nov 12 15:52:19 2022 & report ’E_— « (with jkeBSo1
4348 root 20 0 237M 6580 3984 S 0.0 0.0 0:00.00 /usr/lib/policykit-1/polkitd —-no-debug .ruxr-xr-x jk bioto 106 MB Thu Apr 20 18:52:02 2023 [ Results.zip head -n 4 KGlmapped 1 cut100.fq
4360 root 20 0 82416 2540 1952 S 0.0 0.0 0:00.00 /usr/sbin/irgbalance --foreground .rwxr——r-— jk bioto 939 B Wed Jun 29 18:47:50 2022 ® RNAseq_parameters.R @A00721:562:H33C5DSX7:3:1101:1027:16047/1
4361 syslog 20 0 219M 4088 2480 S 0.0 0.0 2:57.37 /usr/sbin/rsyslogd -n —iNONE drwxr-xr-x jk bioto 4.0 KB Mon Jul 24 14:10:40 2023 & src TACATTCTGTATATTCTGGGCTTTCGGTACATGGGCCTGTACGTCCATGATCGTCGCTTGTTTGTGCCTTGGACAATGGGGACAGCAGCACGGCTGCTGTATGGGCTGTCGAAGTTCAGCCTTC
4362 syslog 20 0 219M 4088 2480 S 0.0 0.0 4:32.91 /usr/sbin/rsyslogd -n —iNONE drwxr-xr-t jk bioto 4.0 KB Thu Mar 3 10:47:24 2022 & thinclient_drives GGCGAACCTTCGAGACGGGCGTGGAAA
4363 syslog 20 0 219M 4088 2480 S 0.0 0.0 6:27.45 /usr/sbin/rsyslogd -n —iNONE Trwxrwxrwx jk bioto 5 B Tue Feb 8 16:25:52 2022 & work +
4382 root 20 0 41eM 8212 5520 S 0.0 0.0 25:33.53 /usr/sbin/NetworkManager ——no-daemon Trwxrwxrwx jk bioto 11 B Fri Feb 4 10:38:13 2022 &3 z.mountl4T FFF: FFF FFFFF FF,FF:FF
4383 root 20 0 237M 6580 3984 S 0.0 0.0 0:04.47 /usr/lib/policykit-1/polkitd —-no-debug Trwxrwxrwx jk bioto 12 B Wed Feb 16 13:47:05 2022 B z.work FFF:FF:FFFFFFFFF, FFFF, FFFFF
4384 root 20 0 410M 8212 5520 S 0.0 0.0 19:58.50 /usr/sbin/NetworkManager —no-daemon
4387 colord 20 0 842M 7540 4880 5 0.0 0.0 0:03.08 /usr/libexec/colord v (with jkeBSo1 » v (with jkeBSo1
Bliclo [gisetup Esearchigilteriggree[RiSortey(ghlice {gtice gkill @owie
LN ] ..as_ohjaehyeon (ssh) e00 i fashl vim (ssh) %1
Expanded Security Maintenance for Applications is not enabled. MH/oh—my—zsh.sh defaul

types=str,
hel| Separate symbol; Typically, TSV (Tab-Separated Values) files use-
\"\\t\" for separation, while CSV (Comma-Separated Values) files use-

N

15 updates can be applied immediately.
To see these additional updates run: apt list —upgradable

# User configuration

# export MANPATH="/usr/local/man:$MANPATH" )

parser.add_argument (

48 additional security updates can be applied with ESM Apps.

Learn more about enabling ESM Apps service at https://ubuntu.com/esm # You may need to manually set your language environment

# export LANG=en_US.UTF-8
export LANG="ko_KR.UTF-8"
export LANGUAGE="ko_KR.UTF-8"
export LC_ALL="ko_KR.UTF-8"

,
"—forbidden",
dest="forbidden",

New release '22.04.2 LTS' available.
Run 'do-release-upgrade' to upgrade to it.

Your Hardware Enablement Stack (HWE) is supported until April 2025.

*kk System restart required ¥k : ; type=str,
Last login: Mon Aug 7 18:49:45 2023 from 192.168.0.37 ;Pﬁff;r:gsﬁdégmégoﬁﬁ} ig:nre'“"te 26351002 help="""Forbidden to be enclosed with double quotes around the—
3 MA@ ot 06:50:09 2 & © ey = value; Example: \"#\".""",

export EDITOR="/usr/bin/nvim" )

el
args = parser.parse_args()

se
' @D & work/100.iork/naas_ohjashyeon ) + (with jkessol QETIIFETEPICERO o, PNt EDLTOR=S/USE/RAD/OVN return args
188

drwxrwxrwx jk bioto KB Sun Jul 2 22:05:21 2023 230630_assembly Compilation flags
drwxrwxrwx jk bioto KB Thu Jul 6 12:55:01 2023 230706_assembly export ARCHFLAGS="-arch x86_64" def checkingArgs():

drwxr-xr-x jk bioto KB Tue Jul 11 19:11:35 2023 230710_assembly - if args.input is None:

drwxr-xr-x jk bioto KB Wed Mar 15 08:55:34 2023 Analysis_result sys.exit("ERROR: You haven't provided an input file.")

cd /work/100.work/naas_ohjaehyeon

** W

Trwxrwxrwx ;!k b;oto 32 B Wed Mar 15 08:17:08 2023 bin : i?ﬁg?ﬁfogzs i;:::f';{\il:;;di:g E:O:Tasggvﬁzig,bzhzzgﬂyoﬁi:y::;' if not os.patn.isfile(argstinput): ) . .
Trwxrwxrwx ]k b}oto 20 B Sun Mar 19 16:17:46 2023 counts # users are encouraged to define aliases within the ZSH_CUSTOM folder. | sys.exit( ERROR: The file, %s doesn't exist." % (args.input))
drwxr-xr-x ]_k b;oto 4.0 KB Thu Mar 16 18:08:04 2023 counts.stranded_no # For a full list of active aliases, run ‘alias’. if args.output is None:_
drwxr-xr-x jk bioto 4.0 KB Wed Mar 15 18:04:31 2023 counts.stranded_reverse # args.output = args.input + ".out"
drwxr-xr-x jk bioto 4.0 KB Thu Mar 30 16:01:20 2023 count.s.unstranded_no # Example aliases

mapping i =, . "
drwxr-xr-x jk bioto KB Wed Mar 15 17:22:46 2023 mapping.stranded i atiss Zshcontlo ‘mats S/.Zshnc # Functions

alias ohmyzsh="mate ~/.oh-my-zsh"

drwxr-xr-x jk bioto KB Fri Mar 17 09:03:04 2023 mapping.unstranded def execute():

[
[
[
[
2
0
[
0
0
Lrwxrwxrwx jk bioto 18 B Sun Mar 19 16:17:37 2023
0
0
]
[
]
[
0
5
[
[

rprvEpoODOROOOOOROOPOEREOOOO

4
4

drwxr-xr-x jk bioto 4.0 KB Tue Jul 11 17:02:00 2023 MapToCandidate : : Execution

ik bi 113: if [ -f ~/.aliases ]; then
drwxr-xr-x ].k b%oto 4.0 KB Wed Jul 12 15:13:54 2023 MapToCmplt X : . ~/.aliases ! ) .
drwxr-xr-x jk bioto 4.0 KB Sat Jul 15 17:48:09 2023 MapToInsertionDNA i with open(args.input) as fr, open(args.output, "w") as fw:
drwxr-xr-x jk bioto 4.0 KB Fri Mar 17 14:59:20 2023 raw for line in fr:
.rwxr-xr-x jk bioto 740 B Wed Mar 15 08:20:50 2023 raw.info 4 line = line.replace("\r", "").rstrip("\n")
Lrwxrwxrwx jk bioto 65 B Wed Mar 15 09:26:25 2023 reference : ﬁ#[ -f 3 E:I:z ?##tﬁ:z#w nv =
drwxr-xr-x jk bioto 4.0 KB Sat Jul 15 06:54:38 2023 RemoveVector ~f patf‘\s ! for el in line.split(args.sep):
drwxr-xr-x jk bioto 4.0 KB Fri Mar 17 15:02:47 2023 & trimmed T i=0

i=
Bhile i < len(args.forbidden):

. - _# o ) .
C_ EEEIBICGIN ot 06:50:13 2 F O | I . zshic PRSI 705 %:115/162= f: s insertquotedr execute { python  utf-8[unix]




HlolE| 24 0|2

Mormz  Shell Edit View

PID USER PRI NI VIRT
200 160%

] o
3387

et Tobetus Wocorcll i cigivcc Wboriogpice

Session Scripts Profles Toolbet Window  Help

548, 2215 ¢
age: 9.20 0.13 0
115 days(1), 22:28:27
SRS CPUVHENS  TINEs  Command
8120 3343 R 5.1 0. 15 h
1068 2500 5 0.6 r/bin/container v pace noby

ust/sbin/aysq

Results. zip

dispatcher
debug

wpa_supplicant -u ~s -0 /run/vpa_suppli

7

- T T —

re about enabling ESH

04,2 LT
upgrade

Harduare Enablenent Stack (WE) is supported until Apri

+ Systen restart requ
Last login: Hon Aug 7 18:

2023 from 192.168.0.37

T o
rt EDITOR

vork/100.work/naas_ohjaehyeon

B reference

RiAseq_parameter.

®

B ot 06:9:16 0% 0

ot 06:49:15 2% ©

S ot 06:49:15 0% 0

at 06:49:
ot 06:49:15 2% ©
ot 06:49:19 23 O

work

2.mount1aT

R ot 06:49:20 2% 0

New release 22,04,

n *do-release-upgrade

Your Hardware Enablenent
+ Systes restart required ¥+
9 7 18:50:09

- (

- (

apped
apped_1_cut100.

Q
2 cut100.

1fq
1 cutioe.
2. cut100.

K1 confi
X2, cont

p 4 KGlmapped 1
1:562:H33CS0SX7: 3: 1101:1027: 160
CGAACCTTCGAGACGGOCRTGG

GTGCCTTGGACAATGGGGACA

FFFLFRFFFFFFFFFFFFFFFFFFFRFFFFFFFFFFFFFFFFFFFRFFFFFRFFFFFFRFFFF:FFFFFRFFFFFFFFFFFFF
FFFLFF:FFFFFFFFF, FFFF, FFFFF

8 = ou7umeRes

with jkeeso QEETEETNCENCY

with jkeeso QETTENEEENCY

QT .t o6:51:36 0% 0

AGCACGGCTGCTGTATGGGCTGTCOAAGTTCAGECTTC

FF  FFFFFRFFFRFFFFRFRFFFFFFFFFFF, FFLFF

QOSSN ot o6:51:55 0% 0

PBITIRR 77 1.:75/101 §:17 &

Linux 2| |

T2z 210
(Python, Java)
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NGS &4 mto| =29l

< WGS (Whole Genome Sequencing) I0|Z2}Ql

< GBS (Genotyping-By-Sequencing) I}o| X 2}Ql

Short reads
sequencing data

Pre-processing

\ 4

Quality filtering

Short reads
sequencing data

Pre-processing

v

De-multiplexing

Adapter trimming

A 4

Quality filtering

Read alignment v Read alignment '
Mapping to Mapping to
reference genome reference genome
Variants detection ¥ Genetic relationship L
Construct.|0n of Constructjon of N SNP filtering
matrix matrix
\/ v v v
SNP filtering Principle component Phylogenetic tree Population structure
analysis
- v - v
Specific marker Specific marker J
Group common Group polqurphlc Group common .| Group polymorphic
allele selection SNP detection allele selection SNP detection
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Pre-processing

@Per base sequence quality

< FASTQC

ross all bases (Sanger/lllumina 1.9 encoding

0 AZA Elo[Eje] BXf2| It §§Muuuu%ﬁW%%%??%%?WWWW%??%TTTTTT

= Removal of technical sequences

= Quality and length filtering i

123456789 14-15 22-23 30-31 38-39 46-47 54-55 62-63 70-71 78-79 86-87 94-95
Pasition in read (bp)

QO MO AIEE=T203H
. . % Trimmomatic Z1} G|A]|
= Trimmomatic

A flexible trimmer for lllumina sequence data

= FASTQC
A quality control tool for high throughput sequence data.

= FASTX-Toolkit
The FASTX-Toolkit is a collection of command line tools for Short-Reads FASTA/FASTQ files preprocessing.

= SolexaQA
SolexaQA calculates sequence quality statistics and creates visual representations of data quality for second-generation sequencing
data.

https://hbctraining.github.io/Intro-to-rnaseq-hpc-salmon/lessons/qc_fastqc_assessment.html @Hol2s |
http://www.usadellab.org/cms/uploads/supplementary/Trimmomatic/TrimmomaticManual_V0.32.pdf BIO Ii )E‘.




Trimmomatic &l

I'_>.:.

Q Trimmomatic T2 F
» Phred33
= Remove adapters (ILLUMINACLIP:TruSeq3-PE.fa:2:30:10)
» Remove leading low quality or N bases (LEADING:3)
» Remove trailing low quality or N bases (TRAILING:3)
» Scan the read with a 4-base wide sliding window, cutting when the average quality per base drops below 15 (SLIDINGWINDOW:4:15)
» Drop reads below the 36 bases long (MINLEN:36)

## Trimmomatic £

java -jar /home/Trimmomatic-0.39/trimmomatic-0.39.jar PE -threads 10 -phred33 seq_1.fq.gz seq_2.fq.gz seq_pairedl.fq
seq_pairedl_un.fq seq_paired2.fq seq_paired2_un.fq ILLUMINACLIP:/home/Trimmomatic-0.39/adapters/TruSeq3-PE.fa:2:30:10
LEADING:3 TRAILING:3 SLIDINGWINDOW:4:15 MINLEN:36

BloTo k.




Read Alighment

O Read Alignment / Read Mapping 2}

Read alignment (mapping)= sequencing readsS= EZ R A| M Bt H| w5t readse| E7|M Bt LX[StH= 2IXIE BERTN ME0M &=

LS

O Mol A E2E=zm=2

BWA (Burrows-Wheeler Aligner)

BWA is a software package for mapping low-divergent sequences against a large reference genome, such as the human genome.

Bowtie2

Bowtie 2 is an ultrafast and memory-efficient tool for aligning sequencing reads to long reference sequences.

HISAT2
The HISAT2 is a fast and sensitive alignment program for mapping next-generation sequencing reads (both DNA and RNA) to a

population of human genomes as well as to a single reference genome.

RUM, STAR, TopHat2, -

57
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Alignment Tools Z2| H| !

Tool Alignment Reference
Bowtie2 Transcriptome
Bwa Genome
HiSat2 Genome
RUM Genome +

Transcriptome

STAR Genome or

Transcriptome

TopHat2 Genome

https://www.elucidata.io/blog/bulk-rna-sequencing-a-comparison-of-the-most-popular-tools-and-pipelines

Description

Bowtie2 aligns reads by combining full-text
minute index and hardware-accelerated
dynamic programming to produce sensitive
and accurate alignments (Langmead and
Salzberg, 2012).

Bwa aligns short DNA sequences against a
reference genome by constructing a suffix array
and applying Burrows-Wheeler transformation
that matches the sequences using a backward
search (Li et al., 2013).

HISAT aligns reads using an indexing scheme
based on Burrows-Wheeler transform and the
Ferragina-Mangini index (Kim et al., 2015).

RUM is an alignment and feature quantification
pipeline developed specifically for Illumina
RNAseq data. RUM uses Bowtie algorithm for
alignment (Grant et al., 2015).

STAR aligns raw reads by using a seed -
extension search based on uncompressed
suffix arrays and detects splice junctions.

TopHat2 has the ability to identify novel splice
sites and mapping directly to known
transcripts that produces sensitive and
accurate alignments (Kim et al., 2013).

(FHIO|QE
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Read alignment - IGV 22} 0| A| (Genome)

M1_sorted.bam Coverage

Read Alignment Z1} 0| A]



Read Alignment Z 2} 0f|A|
Read alignment - IGV 22} 0A| (RNA)

IGV_2.3.34 File Genomes View Tracks Regions Tools GenomeSpace Help

ICV
' D. melanogaster (d... 5| | chr4 +| chr4:455,579-466,533 Go 1 <« »
)
- 10 kb -
456 kb 458 kb 460 kb 462 kb 464 kb 466 kb
| | | | | I | | | I |
— t
[0-50)
untreated1_chrd .bam Coverage
untreated1_chrd .bam
[0-35)
untreated3_chrd .bam Coverage
1 [ | I
untreated3_chrd .bam
Gene . R T
B tracks loaded |lchra:466 236 [l |l20M of 195M
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Variant Detection

Q Variant Detection }H™

= Read alignment (mapping) 2= 0| &30 A2 A MED} BERTKN| S22 XIO| (SNP, In/Del 8)& = 2HH

QO BO[AIEEl=Z=F
= SAMTools
Provides various utilities for manipulating alignments in the SAM/BAM format.
Find variants

= GATK
A genomic analysis toolkit focused on variant discovery

6 ]- CLLELS
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Variant Detection Z 1} 0f|A|

Variant Detection - Z1}
[0-155] l ~

>

> >

[
i
i
i
Al
P )
i
= VCF (Variant Call Format)
i
i
i
i Example
: 2 : ( ##fileformat=VCFv4.0 Mandatory header lines
Al [ ##fileDate=20100707
i ##source=VCFtools
irai ##reference=NCBI36 Optional header lines (meta-data
— ] ##INFO=<ID=AA,Number=1,Type=String,Description="Ancestral Alle about the annotations in the VCF body)
|[AACGGCAGCAGAAGCACAAACCTGGCCGTACGTTG GGG T | ##INFO=<ID=H2,Number=0, Type=Flag,Description="HapMap2 membersHip">
o { ##FORMAT=<ID=GT,Number=1,Type=String,Description="Genotype}
IGV £ | ##FORMAT=<ID=GQ,Number=1, Type=Integer,Description="Genotyfe Quality (phred score)">
ﬁ ##FORMAT=<ID=GL,Number=3, Type=Float,Description="LikeljHoods for RR,RA,AA genotypes (R=ref,A=alt)">
> > ##FORMAT=<ID=DP,Number=1, Type=Integer,Description="Re#d Depth">
##ALT=<ID=DEL,Description="Deletion">
##INFO=<ID=SVTYPE,Number=1, Type=String,Descriptig#="Type of structural variant">
##INFO=<ID=END,Number=1, Type=Integer,Description="End position of the variant"> -
\ #CHROM POS ID ~ REF ALT  QUAL FILTER INFO FORMAT  SAMPLEL SAMP Referanca alleles (GT=0)
- (1 1 o ACG_ A,AT . PASS . GT:DP 1/2:13 0/0329
'g 1 2 rsl T,CT PASS H2; AA=T GT:GQ 0]1:100 2/2:J0
[ 1 5 A G o ASS o GT:GQ |0:77 1/1:9
1 100 <DEL> P SVTYPE=DEL ; END=300  GT:GQ:DP /1:12:3 0/0:20 Alternate alleles (GT>0 is
an index to the ALT column)
Deletion SNP Isartion Other event Phased data (G and C above
Large SV are on the same chromosome)

62 (FHIO|2E )
+ https://davetang.github.io/learning_vcf_file/ BIO-IDL'




Variant Detection Z 1} 0f|A|

Variant Detection - Z1}
[0-155] l ~

> >

> 2> 3> >

>

>

A
: v

CHR POS REF ALT wi1 W1_Depth M1 M1_Depth Genic/Inter Feature Description Organism Flanking_600bp

RN RSN 01 181121 T G K 2,1:3 T 3,0:3 SL000879t0( Intron Glycogen pt Auxenochlor CTTTCTGCACCG(
IGV chr01 1272122 T G K 1,2:3 T 9,1:10 SLO14053t0C Intron HslV compo Coccomyxa ACAGCTGGTCTG
chr01 2586904 T G K 4,2:6 T 3,0:3 SLO12474t0( Intron exocyst com Prunus persi TGCCGCCGGCGC

chr01 3334582 C A M 11,15:26 C 21,0:21 SL004799t0( Intron hypothetical Chlorella var CTCCGTACCCCC/

chr01 4136244 C A C 66,0:66 M 73,65:138  Intergenic CATCTCGCAGCT(

chr01 128 C A C 29,0:29 M 35,22:57 Intergenic aaacCCTAAACCC

chr01 1041661 A C M 2,2:4 A 4,04 SL002841t0( Intron Thermostabl Auxenochlor TTTGTAGCTTTG/

chr01 324 A C M 33,39:73 A 100,0:100  Intergenic CTAAACCCTAAA!

SNP matrix

63
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VCF (Variant Call Format) Z 2} SE}

Example
( ##fileformat=VCFv4.0 == Mandatory header lines
##fileDate=20100707
##source=VCFtools
##reference=NCBI36 Optional header lines (meta-data
& | ##INFO=<ID=AA,6Number=1,Type=String,Description="Ancestral Alle about the annotations in the VCF body)
'g ##INFO=<ID=H2,Number=0,Type=Flag,Description="HapMap2 membersfiip">
o { ##FORMAT=<ID=GT,Number=1,Type=String,Description="Genotype,
< ##FORMAT=<ID=GQ, Number=1, Type=Integer,Description="Genotyde Quality (phred score)">
'(“, ##FORMAT=<ID=GL,Number=3, Type=Float,Description="LikeljMoods for RR,RA,AA genotypes (R=ref,A=alt)">
> ##FORMAT=<ID=DP,Number=1, Type=Integer,Description="Redd Depth">
##ALT=<ID=DEL ,Description="Deletion">
##INFO=<ID=SVTYPE,Number=1, Type=String,Descriptiga="Type of structural variant">
##INFO=<ID=END,Number=1, Type=Integer,Description="End position of the variant"> B
\ #CHROM POS ID  REF ALT  QUAL FILTER INFO FORMAT ~ SAMPLEL SAMP Reference alleles (GT=0)
s (1 1 . ACG_ A,AT . PASS . GT:DP 1/2:13 0/0:29
'g 1 2 rsl T,CT PASS H2; AA=T GT:GQ 0/1:100 2/2J0
o 1 S A G . ASS . GT:GQ |0:77 1/1:9
1 100 T <DEL> P SVTYPE=DEL ; END=300 GT:GQ:Dly%/I:IZ:B 0/0:20  Alternate alleles (GT>0 is
an index to the ALT column)
Deletion SNP T Insertion Other event Phased data (G and C above
Large SV are on the same chromosome)

64
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VCF&} BCF2| X}0]

VCF

##fileformat=VCFv4.2

##contig=<ID=2,length=51304566>

##INFO=<ID=AC,Number=A, Type=Integer,Description="Allele count in genotypes">
##INFO=<ID=AN,Number=1, Type=Integer,Description="Total number of alleles in called genotypes">
##FORMAT=<ID=GT,Number=1, Type=String,Description="Genotype">

##FORMAT=<ID=DP,Number=1, Type=Integer,Description="Read Depth">
##FORMAT=<ID=GQ, Number=1, Type=Integer,Description="Genotype Quality">

#CHROM POS ID REF ALT QUAL FILTER INFO FORMAT SAMPLE1 SAMPLE2 SAMPLE3 SAMPLE4 SAMPLES SAMPLEG SAMPLE7

2 81178 .. C T S AC=9;AN=7424 GT:DP:GQ 0/0:4:12 0/0:3:9 grlil=a 0/1:9:24 1/0:4:12 0/0:5:15 0/0:4:12
2 81171 . G A 2 AC=6;AN=7446 GT:DP:GO 0/1:4:12 0/0:3:9 0/0:1:3 0/0:9:24 0/1:4:12 8/1:5:15 0/0:4:12
2 81182 . A 6 S i AC=5; AN=7506 GT:DP:GQ 0/0:5:15 0/0:4:12 0/0:5:15 0/0:9:24 0/0:4:12 0/0:4:12 0/0:4:12
2 81204 T G AC=2;AN=7542 GT:DP:GQ 1/0:5:15 0/0:9:27 0/0:10:30 0/0:15:39 0/0:9:27 1/0:13:39 0/1:14:42

BCF
2 81170 c T AC=9;AN=7424 G7:0/0:0/0:0/1:0/1:1/0:0/0:0/0 DP:4:3:1:9:4:5:4 GQ:12: 9: 3:24:12:15:12
2 81171 G A AC=6;AN=7446 6T:6/1:0/0:6/0:0/0:0/1:0/1:0/0 DP:4:3:1:9:4:5:4 GQ:12: 9: 3:24:12:15:12
2 81182 A G AC=5; AN=7506 GT:0/0:0/0:0/0:0/0:0/0:0/0:0/0 DP:5:4:5:9:4:4:4 GQ:15:12:15:24:12:12:12
2 81204 T G AC=2;AN=7542 GT:1/0:0/0:0/0:0/0:0/0:1/0:0/1 DP:5:9:10:15:9:13:14 GQ:15:27:30:39:27:39:42

https://en.wikipedia.org/wiki/Variant_Call _Format
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Variant Filtration

Q Variant Filtration Zt™0| AFRE|= 7|&

= SNPs Low quality

= Number of alleles: It is possible to filter out the non-biallelic or the monomorphic SNPs.
= High Coverage: It can be false positives due to repetitive regions.

= Missing genotypes

= Minor Allele Frequency (MAF)

» Observed Heterozygosity
» By genome localization: exon, UTR, etc,.
» Amino-acid change: We can select the SNPs with large impacts in the coded proteins.

= Linkage Disequilibrium: If we have genotype a segregant population it could be useful to filter out the SNPs that are not in
linkage disequilibrium with their closest SNPs.

66 CLLELS
BI0TOk:




@Ho|2E
BIOTO k-

o
=
Q)
-
x
(>
q
_
~+
-
Q)
.
>,
-
[T
O
ret
==
K1
i
1
Iu
"
0%
£




Filtering Gl A]

CHR POS REF ALT Sample1 Sample2 Sample3 Sample4 Sample5 Sample6 Sample7
scaffold0075 870356 G C G - C C C C -
scaffold0058 1663836 T C T C (@ @ C T -
scaffold0107 601267 G A G G A - A A -
scaffold0108 1303787 G A G A A A A A -
scaffold0171 50985 A G G A A A A -
scaffold0171 761366 G T T G G - T G G
scaffold0171 1459133 T C - T T C C - C
scaffold0175 1548310 G A - G A G A A G
scaffold0117 271696 G A - A A A A A A
scaffold0147 258651 A C A A C - A C -
scaffold0144 11553 C T T (@ - @ C C -
scaffold0160 1301533 G A A A G G G G A
scaffold0190 526878 C T - T - - C C T
scaffold0191 652149 G A G A - G A - G
scaffold0708 1251377 G C G - G @ G G G
scaffold0711 73459 T C C C T T - C C
scaffold0711 151410 A G - G A G A A G
scaffold0711 151411 A G G A - A G A G
scaffold0711 153975 C T T T C - C C C
scaffold0711 321710 A G - - G - - - -
scaffold0711 520444 C T C T T T - - -
scaffold0711 585045 T G G T G G T G T
scaffold0777 175224 T G T T T T G T G
scaffold0717 154744 T G T - G - G T -
scaffold0718 586757 G A G G G A A A -
scaffold0719 711767 T G G - T T - T G
scaffold0746 9828 A G A A A G A G
scaffold0747 1208530 G A - A G - A G -
scaffold0758 1215157 A T A - A T - A -
scaffold0776 85221 C A C A A A C A A
scaffold0776 161264 T C C C - C - T C
scaffold0788 601667 G A - G A G G A
scaffold0797 888578 T C - - (@ @ C - T
scaffold0118 542035 G A - N G A A A
scaffold0170 847416 G A - A - A A A A
scaffold0141 587532 A G A A A A - - A
scaffold0185 731688 G A A A o - A G A
scaffold0185 731747 G A - - G A - G A
scaffold0199 702837 G A A G G G A -




Filtering Gl A]

%od

CHR POS REF ALT Sample1 Sample2 Sample3 Sample4 Sample5 Sample6 Sample7
scaffold0075 870356 G C G - C C C C -
scaffold0058 1663836 T C T C C C C T -
scaffold0107 601267 G A G G A - A A -
scaffold0108 1303787 G A G A A A A A -
scaffold0171 50985 A G G A - A A A
scaffold0171 761366 G T T G G - T G G
scaffold0171 1459133 T C - T T C C - C

scaffold0144 11553 C T (@ - @ C C -
scaffold0160 1301533 G A A G G G G A
scaffold0190 526878 C T - T - - C C T
scaffold0191 652149 G A G A - G A - G
scaffold0708 1251377 G C G - G @ G G G
scaffold0711 73459 T C C C T T - C C
scaffold0711 151410 A G - G A G A A G
scaffold0711 151411 A G G A - A G A G
anoo O 22 . = =
scaffold0711 585045 T G G G G T G T
scaffold0777 175224 T G T T G T G
scaffold0717 154744 T G T - G - G T -
scaffold0718 586757 G A G G G A A A -
scaffold0719 711767 T G G - T T - T G
scaffold0746 9828 A G A A A G A G
scaffold0747 1208530 G A - A G - A G -
scaffold0758 1215157 A T A - A T - A -
scaffold0776 85221 C A C A A A C A A
scaffold0776 161264 T C C C - C - T C
scaffold0788 601667 G A - G A G G A
scaffold0797 888578 T C - - (@ @ C - T
scaffold0118 542035 G A - - G A A A
scaffold0170 847416 G A - A - A A A A
scaffold0141 587532 A G A A A A - - A
scaffold0185 731688 G A A A - - A G A
scaffold0185 731747 G A - - G A - G A
scaffold0199 702837 G A A G G G A -




Filtering Gl A]

CHR POS REF ALT Sample1 Sample2 Sample3 Sample4 Sample5 Sample6 Sample7
scaffold0075 870356 G C G - C C C C -
scaffold0058 1663836 T C T C C C C T -
scaffold0107 601267 G A G G A - A A -
scaffold0108 1303787 G A G A A A A A -
scaffold0171 50985 A G G A - A A A -
scaffold0171 761366 G T T G G - T G G
scaffold0171 1459133 T C - T T C C - C
scaffold0175 1548310 G A - G A G A A G
scaffold0117 271696 G A - A A A A A A
scaffold0147 258651 A C A A C - A C -
scaffold0144 11553 C T T (@ - @ C C -
scaffold0160 1301533 G A A A G G G G A
scaffold0190 526878 C T - T - - C C T
scaffold0191 652149 G A G A - G A - G
scaffold0708 1251377 G C G - G C G G G
scaffold0711 73459 T C C C T T - C C
scaffold0711 151410 A G - G A G A A G
scaffold0711 151411 A G G A - A G A G
scaffold0711 153975 C T T T C - C C C
scaffold0711 321710 A G - - G - - - -
scaffold0711 520444 C T C T T T - -

anoau x122 - - -
scaffold0718 586757 G A G G G A A A -
scaffold0719 711767 T G G - T T - T G
scaffold0746 9828 A G A A A G - A G
scaffold0747 1208530 G A - A G - A G -

anoorre aracz = .
scaffold0788 601667 G A - G A G G A -
scaffold0797 888578 T C - - C C C - T
scaffold0118 542035 G A - N G A A - A
scaffold0170 847416 G A - A - A A A A
scaffold0141 587532 A G A A A A - - A
scaffold0185 731688 G A A A o - A G A
scaffold0185 731747 G A - - G A - G A
scaffold0199 702837 G A A G G G A -




[ ] [ ] 2 = x =
FilteringE S¢t 2| &=
CHR POS REF ALT Sample1 Sample2 Sample3 Sample4 Sample5 Sample6 Sample7
scaffold0777 175224 T G T T T T G T G

CHR

POS

REF

ALT

Sample1

Sample2

Sample3

Sample4

Sample5

Sample6

Sample7
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FilteringE S¢l 2|3 &ME

CHR POS REF ALT Sample1 Sample2 Sample3 Sample4 Sample5 Sample6 Sample7
scaffold0777 175224 T G T T T T G T G
scaffold0776 85221 C A C A A A C A A

(FHIO|QE
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° ° 2 e x =
FilteringE S¢t £|F ME

CHR POS REF ALT I Sample1 I Sample2 Sample3 Sample4 I Sample5 I Sample6 I Sample7 I
scaffold0777 175224 T G T T G

scaffold0776

(FHIO|QE
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) [} 2 ol x =

FilteringE S¢t £|F ME
CHR POS REF ALT
scaffold0777 175224 T G
scaffold0718 586757 G A
scaffold0776 85221 C A

Sample2 Sample3 Sample4
T T T
G G A
A A A

Sample6
T
A
A




scaffold0777

175224

Sample2

Sample3

Sample4

scaffold0718

586757

Sample6

scaffold0776

85221

scaffold0788

601667

OO e

> | > | >

Q> H

> > |o|d

Q> |>|d
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Filtering

[0

st | F LU=
h 4

CHR scaffold0777 | scaffold0718 | scaffold0776 | scaffold0788

POS 175224 586757 85221 601667
Sample1 T G C -
Sample2 T G A G
Sample3 T G A A
Sample4 T A A G
Sample5 G A C G
Sample6 T A A A
Sample7 G - A -

(FHIO|QE



Alsl2 E3}

HE (KASP 0|A])

= = T
Assay_name | Allele1|Allele2 Primer_AlleleX Primer_AlleleY Primer_Common
4 16052654 C A AAGTCTTTCGTGCCATTTAGCAACC AAAGTCTTTCGTGCCATTTAGCAACA CTACCTTACATCAATAACCTCCTCTCTTT
N '; """"""""""" € = No call
1 . 12 X = Undetermined
g eo0o | - g = Allele 1
:I: 7000 I E-' ] . = A”ele 2
2 # & A = Hetero
;_ 6000 T - é ’
& 5000 . R 5 6
4000 . :’ .o 4 -
4000 soioo eogo 7000 so"oo 90"00 j‘ (‘5 ; — 1‘2
< Recycling > RFU for Allele 1 - FAM < Recycling §_> RFU for Allele 1 - FAM (1043)
sample Allele sample Allele sample Allele sample Allele sample Allele sample Allele sample Allele sample Allele
type type type type type type type type
A1l 1 B1 He C1 1 Al 1 B1 1 C1 1
A2 2 B2 1 Cc2 1 A2 1 A2 2 B2 1 c2 1 A2 1
A3 1 B3 No C3 No A3 1 B3 2 C3 2
A4 1 B4 1 (@ 2 A4 1 B4 1 c4 2
A5 He B5 2 C5 No A5 2 B5 2 C5 2
A6 2 B6 2 C6 No A6 2 B6 2 C6 2
A7 2 B7 2 C7 2 A7 2 B7 2 Cc7 2
77
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Summary

0 NGSQ| HHLE Q5K sequencing HIO|E ‘4 4te| A2 SOFX| 11, £ = WatE.

O O 7HE S 218t NGS 71'Holl= WGS, RNA-seq, GBS2t &2 LISt 7[Ho| =Xy

O NGS HIO|EHE 2M5t7| 26l Pre-processing, Read Alignment, Variants Detection, O} E & 7f2e
=0 = EM0| TIAHE,

(FHIO|QE
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Selective Breeding:

Breed best-performing plants

1st
GENERATION

Breed plants with
biggest fruit and
highest yield

2nd

GENERATION
Repeat

3rd

GENERATION

+ https://climatescience.org/advanced-food-selective-breeding

BloTok:



pcl

+ https://climatescience.org/advanced-food-s

>
O

.

Selective breeding
takes a long time...

W/

", ,
'y | =
. -y -
P

/

Gen 1 Gen 2 Gen 3
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Marker Assisted
Selective Breeding

Molecular

I &— marker
N——r’

Plants with
marker are
bred together

*  https://climatescience.org/ ’d"a”“dfmds“cwebmi
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EXI0) SRS NS Wa| B 4 Urks 2

\ \
V7l P1(5) ® P2 \f

A.

F1

Selfing

VYWV byy

1=

Generation of large F2 population

323

m.

v
Extraction of DNA from tissue of each individual

Genotyping using polymorphic primers

Agarose gel electrophoresis of PCR products

Marker-assisted selection (MAS)

\Mﬁl

« https://jgeb.springeropen.com/articles/10.1186/s43141-021-00231-1

« http://www.knowledgebank.irri.org/ricebreedingcourse/Marker_assisted_breeding.htm

CONVENTIONAL BACKCROSSING

v ¥
Py X Y2
P, X }-'1

|

BC1

VISUAL SELECTION OF BC1 PLANTS THAT
MOST CLOSELY RESEMBLE RECURRENT

PARENT [/,
Y/

84

MARKER-ASSISTED BACKCROSSING

s
o

s
Pox Il:1

BC1

USE ‘BACKGROUND" MARKERS TO SELECT PLANTS
THAT HAVE MOST RP MARKERS AND SMALLEST %

OF DONOR GENOME

R LCOl ML AL

FA08 (8080 [NACK WAL
LGP

BC2

o
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. OF7 JHRHo] ERot 0|72
1. E3EE e 7o Rt AL
2. Q4x| mEo| Bt AL
3. X YEIABE 0t 2Rt 2L
4. Tt K4S Qe 0517t LR 22 (MAS, MAB)

Il 70 7ksstof 7

1. SNP 7|gte| O} - HRM, KASP S

2. SNP,In/Del 7|&t2]| O} - CAPS, SCAR, gel base PCR S

3. SSR7[gte| OFAH

<+ BARCODE SNP 0|A|

Barcode no.
Barcode-SNP type
Barcode-SNP candidates
Sample1
Sample2
Sample3
Sample4
Sample5
Sample6

1
abaabb

2
abaaba

3 4
ababbb abbaaa
144 2

< CAPS Of|A|

Product size: 648bp

.....

REF]

ALT[

: Cleavage site
Red : Target SNP site
"L :Cleavage seq

‘‘‘‘‘

Sequence Name [RSAskr1.0RD]
Position [71,485,108]

Enzyme Name [ Acil]

Product Size [711], Culting Size [457]

Sequence Name [RSAskrl.0R2]
Position (18,675,208

Enzyme Narme [Mael]

Product Size [858], Cutting Size [118]

.....




Ir
1|}
o
20

x._.
©
(7]
>
©
=
<
R
wfd
D
=
D
"
=r
IH
7 I
ok &
I TH
(@ <l
oo *
oo

tO4 2HA| EE= REe

£ 0|85

SNP EE= In/Del2t 22 CHot HO| HHE

nE
Kio
ol
xr
i

R4

1]
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= mean(|L"(K)) / sd(L())

eltak.

(PCA)

[E 2M (PCoA)

MDS plot

3.

AE+ 2M (Phylogenetic tree)
TX 2M (STRUCTURE)

4

Nucleotide diversity =4

1.

Pairwise distance &4

8.
9.

Heterozygosity £

10. AMOVA &4
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OTL-mapping vs GWAS

bi-parental populations

i 1

P1 1 P2
(A) 1 (B)
/ F1 Genome-Wide Association studies
GWAS: natural population
I« .
P1 | F1 s
Geotype! A G ses |A| € eee G A { J
BC1 Genoype2 T C Al A T a
@l . Bnie Al 6 TR
BC2F2 « Bl | s 4§
) ?(n, 8 Gorotypoxx A G *°** Al C *** G T
Ch1 rMCh2 Ch3 Chx Ch1[]Ch2 Chx
AR onctypet T c|l 6 « 6 C
—— P == f,,,.::w 7€ cl e T |
— e — AG cl a Y |
—t - i — - B — re | e N~
— Henotp AC C| A 2« G ¢
pr— — —— ——— L
N —— = Detection of QTL
Detection of QTL @
4 N
a
@
@
o @
§ [\ g :
2 e
o | @
]

' el '."“.""6‘0 """""" 0 “‘."".‘
820022, % s%-s~
\/\] \\/\N\ -‘:?’3.?.3?: YR

Genomic position Genomic position
Z£X:Alseekh et al. 2018
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QTL-mapping Atz (2t22})
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Conventional breeding

=
5 AT C_ G )
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Vlruspr]::tstant High yield crop m A T C . T
~
= T A G G [ A
>
=
A A G ] T A
A C C [ T A
G G [ T A
A T C G ] A

High yield crop

Virus resistant and high
yield crop

« https://royalsociety.org/topics-policy/projects/gm-plants/how-does-gm-differ-from-conventional-plant-breeding/



Conventional breeding
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High yield crop

Virus resistant and high
yield crop

« https://royalsociety.org/topics-policy/projects/gm-plants/how-does-gm-differ-from-conventional-plant-breeding/
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Germplasml A T A C G ®
Germplasm?2 A G C ]
Germplasm3 T T A G G ] i
C C ® T
A T C ® T
T A G G ® A
GermplasmN
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Ref. (A)

Alt. (T)

Germplasml

Germplasm2

Germplasm3

k.
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Ref. (A)

Alt. (T)

Germplasml

Germplasm2

Germplasm3

k.
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Ref. (C)

Alt. (G)

Germplasml

Germplasm2

Germplasm3
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s Marker1l

< Marker2

s Marker3

YT VYT T YT YT YT
e e £2 e £2 43

Ref. (A) 2 2 Ref. (A) 0 2 Ref. (C) 2 3

Alt. (T) 1 1 Alt. (T) 4 1 Alt. (G) 2 1

Fisher’s Exact Test

(a:b) (ctd) (azb) <Czd> (a+b)! (c+d)! (a+c)! (b+ d)!

B B B al bl o d nl

(") (1)
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Marker 3

53

S

Marker 2

53

%

Marker 1

3

S

Ref. (C)

Alt. (G)

Ref. (A)
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(Genome-Wide Association Studies)
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Genome-Wide Association Studies (GWAS)
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Genomic Association and Prediction Integrated Tool

(Version 3)

Last updated on NOV 15, 2021
https://zzlab.net/GAPIT/

% GAPIT 2 R 7|82 Z R studio E Al

TASSEL - Trait Analysis by
7, aSSociation, Evolution and Linkage

TASSEL is a software package used to evaluate traits associations, evolutionary
patterns, and linkage disequilibrium. Strengths of this software include:

1. The opportunity for a number of new and powerful statistical approaches to association mapping such as
a General Linear Model (GLM) and Mixed Linear Model (MLM). MLM is an implementation of the
technique which our recently published Nature Genetics paper - Unified Mixed-Model Method for
Association Mapping - which reduces Type I error in association mapping with complex pedigrees, families,
founding effects and population structure.

2. An ability to handle a wide range of indels (insertion & deletions). Most software ignore this type of
polymorphism; however, in some species (like maize), this is the most common type of polymorphism.

Read more at:
Bradbur\ PJ, Zhan° Z, Kroon DE, Casste\ ens TM Ramdoss '1 Buckler ES. (200 ,) TASSEL: Software for

TASSEL Version 5.0 (Getting Started!)
(Build: November 16, 2021 Requires: Java 18)

Alignment Viewer

Tassel 5 Mac OS . T )
Tassel 5 Windows 64 Bit : : :
Tassel 5 Windows 32 Bit
Tassel 5 UNIX

https://www.maizegenetics.net/tassel

3¢ TASSEL T2 Mi|=

7|2 default 242 = Tl
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Citation: Multiple statistical methods are implemented in GAPIT version 1, 2 and 3. Citations of GAPIT
vary depending on methods and versions used in the analysis:

General Linear Model (GLM)  Price et al, 2006, Nature Genetics* v v v
Mixed Linear Model (MLM) Yu et al, 2005, Nature Genetics® v v v
Compression MLM (CMLM)  Zhang et al, 2010, Nature Genetics® v v 4
gBLUP Zhang et al, 2007, J. Anim. Science’ v v v
Enriched CMLM Li et al, 2014, BMC Biology® 4 v
SUPER Wang et al, 2014, PLoS Oné® v v
MLMM Segura et al, 2012, Nature Genetics'’ v
FarmCPU Liu et al, 2016, PloS Genetics"! v
¢BLUP and sBLUP Wang et al, 2019, Heredity'? 4
BLINK Huang et al, 2019, GigaScience" v

Note: These references are listed in section of Reference.

https://zzlab.net/GAPIT/gapit_help_document.pdf

1.2 Getting Started

GAPIT is a package that is run in the R software environment, which can be freely downloaded from
http://www.r-project.org or http://www.rstudio.com. There are two sources to install GAPIT package.

Zhiwu Zhang Lab website: Or GitHub:

source("http://zzlab.net/GAPIT/GAPIT .library.R")
source("http://zzlab.net/ GAPIT/gapit_functions.txt")

install.packages("devtools")
devtools::install github("jiabowang/GAPIT3",force=TRUE)
library(GAPIT3)

The easiest way is to COPY/PASTE GAPIT tutorial script. Here are example code and outputs:

#Import data from Zhiwu Zhang Lab

myY <-read.table("http://zzlab.net/GAPIT/data/mdp_traits.txt", head = TRUE)
myGD=read.table(file="http://zzlab.net/GAPIT/data/mdp numeric.txt",head=T)
myGM-=read.table(file="http://zzlab.net/GAPIT/data/mdp_SNP_information.txt",head=T)

#GWAS

myGAPIT=GAPIT(
Y=myY([,c(1,2,3)], #fist column is ID
GD=myGD,

GM=myGM,

PCA .total=3,

model=c("FarmCPU", "Blink"),
Multiple _analysis=TRUE)

© GAPIT.FarmCPU.EarHT.Manhattan.Plot.Genomewise.pdf
H GAPIT.FarmCPU.EarHT.phenotype_view.pdf
BN v 50 g GAPIT.FarmCPU.EarHT.QQ-Plot.pdf
. g "'y A If B GAPIT.FarmCPU.Pred.result.csv

v Q‘:‘«,‘ H GAPIT.Heterozygosity.pdf

4 GAPIT.Manhattan.Multiple.Plot.circular.pdf

. |09m(f’)

1 GAPIT.Manhattan.Mutiple.Plot.high.pdf

FarmCPU.EarHT
<
€%
¥

Fd -
¥ j ‘ I;: GAPIT.Manhattan.Mutiple.Plot.symphysic.pdf
N oo GAPIT.Marker.Density.pdf

oot 4 s GAPIT.Marker.LD.pdf
S GAPIT.Multiple.QQ.plot.symphysic .pdf
GAPIT.Multracks.QQ.plot.pdf
My, F\"ﬁ GAPIT.PCA.2D.pdf
T \i, ¢ o GAPIT.PCA.3D.pdf
A S ‘4" £ o R GAPIT.PCA.csv
GAPIT.PCA.eigenValue.pdf
'((’ R GAPIT.PCA eigenvalues.csv
4 vz ® R GAPIT.PCA.loadings.csv

~logio(p)
FarmCPU.dpol

13.20 . FarmCPU.EaHT ©  FarmCPU.dpoll Blink EarHT Biink.dpoll

~logio(p)
Blink EarHT

~logiolp)
Biink.dpoll
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HirotakaYamaguchil, Koji Miyatake?, Akio Ohyama*, Hiroyoshi Iwata? & Hiroyuki Fukuoka?

Trait Abbreviation | Trait category | h? | Details
Percentage of fruit set (%) PF Yield 0.300 | Percentage of flowers that reached fruit set in a plant
Total fruit weight (g/plant) TFW Yield 0.507 | Total fruit weight per plant
Average fruit weight (g) AFW Yield 0.538 | Average weight of all fruits from a plant
Percentage of marketable fruits (%) PMF Yield 0.401 Percgntagg of ﬁ:uits of 190 g or more, without
physiological disorders, in a plant
Total marketable fruit weight (g/plant) TMFW Yield 0.449 | Total marketable fruit weight per plant
Average marketable fruit weight (g) AMFW Yield 0.469 | Average weight of marketable fruits in a plant
. R . Degree of Brix measured by saccharimeter (average of 4
Soluble solids content (°Brix) SSC Quality 0.600 | oretable fruits per plant)
. . Colourless (pink tomato) and yellow (red tomato)
Pericarp colour PCol Quality 1.000 pericarp counted as 0 and 1, respectively
. Size of style scar on ripened fruit was scored based on the
Style scar ss Quality 0.492 length of major axis. 0: <4mm, 1: 4~ 10mm, 2: >10mm
Percentage of blossom-end rot fruits (%) PBF Physiologicall 0.389 | Percentage of blossom-end rot fruits in a plant
disorder of fruit
Percentage of irregular-shaped fruits (%) PIF dil:]:)zxs:li:rl(;%ifcrﬂit 0.478 | Percentage of irregular-shaped fruits in a plant
. Physiological .
Percentage of cracked fruits (%) PCF disorder of fruit | 0-338 | Percentage of cracked fruits in a plant
Percentage of small fruits (%) PSF diPs}z‘))r,csii:rlz%ifcrﬂit 0.372 | Percentage of fruits less than 100 g in a plant
Leaf length (mm) LL Others 0.492 | Length of a leaf under the first truss
Leaf width (mm) w Others 0.464 | Width of a leaf under the first truss
Stem width (mm) SW Others 0.377 | Width of a stem at the position of the first truss
Height to the first truss (cm) HIT Others 0.370 | Height of the first truss from ground
Number of flowers NFlo Others 0382 Number of flowers after defloration (maximum number
of flowers is 6 per truss)
Days to flowering DTF Others 0.106 | Number of days from seeding to first flower
Number of leaves under the first truss NLIT Others 0.389 | Number of true leaves under the first truss

Table 1. List of traits analysed in this study.
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Figure 2. Summary of the genome-wide association study (GWAS) results. (a,b) GWAS results for average
marketable fruit weight. (c,d) GWAS results for soluble solids content. (a,c) Manhattan plots for mixed

linear model. The horizontal dashed lines indicate the threshold obtained from the 5% false discovery rate.
(b,d) Posterior means of all marker effects for extended Bayesian Lasso. The values were obtained by using
hyperparameter § = 0.0001. (e) Chromosomal distribution of significant associations detected by the GWAS.
AFW, average fruit weight; AMFW, average marketable fruit weight; SSC, soluble solids content; PCol, pericarp
colour; SS, style scar; PBE, percentage of blossom-end rot fruits; PIF, percentage of irregular-shaped fruits; PCE
percentage of cracked fruits; LL, leaf length; LW, leaf width; SW, stem width; H1T, height to the first truss; NFlo,
number of flowers; DTFE, days to flowering; NL1T, number of leaves under the first truss. See Table 1 for details.
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