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NGS workflow

Sample —> Library preparation — Sequencing —> Bioinformatics

What you get out is never better than what you put in!!
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Next Generation Sequencing (NGS)

* generally produces short reads or short read pairs

* Fastqg
e <~200 bases %I?::iia'irgéGECTC.&CTTCGGTGGT
° Sanger ~ 1000 bases é@@DDDDDHEﬁEAHG@EHGIHIII}[

@Read id 2
TGATGTGCCGCCTCACTACGGTGGTG
+
FHHHHHIIJIJIIJIITIJJIIJGIGIT

Are you ready for Next Gen? GRead id 3




Next Generation Sequencing (NGS)

. IMlumina HiSeq Ion Torrent- . OxFord Nanopore
Platform Name _ PacBio RS II .
2500 Proton IT Minion
Instrument u = ﬁ
Cost (USD) ** 690 k 224k 895 k 1k ***
Reagent cost Per _ _
4126/45.84 1000:2041 100/1111.11 200/1000
run/per GB
Reads per run 300 mallions 280 mallions 0.03 millions 0.1 millions
Average Read length 2x150bp 175 bp 14,000 bp 0.000 bp
Fun time 10h 5h 2h 6h
Major errors substitution indel indel deletion
Error rate (%a) 01 1 1 4
Amplification bridgePCR emPCE. none, SMS none, SAS
low cost per GB; long reads; no long reads; no
Advantage _ low cost _ _ , , , _
high output amplification bias amplification bias
, _ homopolymer low throughput; high _
Disadvantage high cost . high error rate
errors cost

Ye H, et al. Pharmaceutics. 2015 Nov 23;7(4):523-41



Big data

Global Information Storage Capacity

in optimally compressed bytes

1986
ANALOG
2.6 exabytes

DIGITAL » =

0.02 exabytes
= .
v
2002:
“beginning
of the digital age”
50%
% digital:
1% 3% 25 %

DIGITAL
STORAGE

2007

94 %

Source: Hilbert, M., & Lopez, P. (2011). The World’sTechnologlcal{:apautytoStore,Commumc:ate,and

Compute Information. Science, 332(6025), 60 —65. © art pert.net/World

ANALOG
19 exabytes

- Paper, film, audiotape and vinyl: 6%
- Analogvideotapes (VHS, etc): 94 % ANALOG
- Portable media, flash drives: 2%

- Portable hard disks: 2.4 %
- CDhsand minidisks: 6.8%

DIGITAL @

- Computer servers and mainframes: 8.9 %

- Digital tape: 11.8 %

- DVD/Blu-ray: 22.8 % ‘

-PCharddisks:44.5%
123 billion gigabytes

- Others: < 1 % (incl. chip cards, memory cards, floppy disks,
maobile phones, PDAs, cameras/camoorders, video games)

DIGITAL
280 exabytes
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Applications of NGS

* DNA sequencing

 de Novo sequencing

Phylogenomics

° Re Se q u e n C | n g Quasispecies Virocentric Evolution

¢ R N A Se q u e n C I n g Algorithms NG S Recombination
i S m aI I R NA Se q u e n Ci n g Databases Selection Pressure

Genotyping

[ ) C h I P - S e q Metagenomics Population genetics

Lee, Chien-Yueh, et al. Translational Cancer Research 2.1 (2013): 33-45.



DNA/Genome sequencing

* De novo assembly
» Single nucleotide variant (SNV) detection

e Structural variation detection



De Novo Plant and Animal
Sequencing
» focused on a novel species

* de novo sequencing Is a first step toward

understanding the genetic underpinnings of organism
* long-paired read and mate-pair sequence data

* subsequent to discover SNPs and other genetic

variations.



Plant and Animal Genotyping

* Whole-Genome Resequencing ﬁ
* create fine map traits % .
« Genotyping by Sequencing (GBS) =T

* test a genotype-phenotype hypothesis

 Quantitative trait loci (QTL) analyses

* large-scale Genome-Wide Association Study (GWAS)



A brief flow chart of genetic
studies using NGS

'."l W
:‘.7.%

\‘ .’i;

Alignment

l

RNA-seq: Gene profiling
DNA-seq: Variants calling (SNV,
Indel, ...)

ChIP-seq: Protein-DNA interaction

!

Downstream analysis

Ye H, et al. Pharmaceutics. 2015 Nov 23;7(4):523-41



Sequence Annotation

* Give biological meaning to sequence

« BLAST (Basic Local Alignment Search Tool)

« Type of SNP
« Non-coding region
 Coding region
e Synnonymous
* Nonsynonymous
« Missense
* Nonsense



https://www.ncbi.nlm.nih.gov/blast/

Comparative genomics

Emauve

Multiple Genome Alignment

http://darlinglab.org/mauve/mauve.html

* rearrangement and inversion
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* Requirement
* .gbk (GenBank)
* FastA,
« Multi-FastA




Comparative genomics

MUMMER 2

« MUMMER 3+
* http://mummer.sourceforge.net/

22222222222222



Genome coverage

C=LN/G

C = Coverage (X),

L = Read length (bp),

G = Haploid genome size (bp)
N = Number of reads.

What is the coverage depth of
human genome? If | have 150
million reads of 100 bp, paired
end sequence.

http://apps.bioconnector.virginia.edu/covcalc/



Soil and Agricultural Metagenomics

» study of large microbial communities directly in

their natural environment

 Important information about diverse microbial
populations associated with animal and plant

development




Soil and Agricultural Metagenomics

THE METAGENOMICS PROCESS

DETERMINE WHAT THE GENES ARE
(Sequence-based metagenomics)

Identify genes and metabolic pathways
. Caompare fo_othsr communiti




Isolate genome - single source of DNA

-
— '“‘ -*-'* ; *- — Puzzle A

3 ¥ F

Environmental genome - multiple sources of DNA

NN Puzzle B

H

L
Puzzle A I _ﬁ_***
Puzzle D *.;.* *‘*

A

pieces all look the same |
which pieces go with which puzzle 7




Metagenomics analysis

Microbial community composition and function insights

* OTUs : Operational Taxonomic Units

clustering reads based on similarity (default is 97%) =

* Alpha-diversity analysis

(diversity within a sample)

* Beta-diversity analysis

(diversity across samples)

OTU1

oTu2

OoTu3

OoTU4

OTUS5

The 16S-based wmm) oo e w— ﬁ Gre G
approach —e— : E myRDP
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d

Amplify and Group similar Use database to
sequence 16S rRNA sequences into OTUs identll'y OTUs
Extract DNA l
mmmmmmmmmm position: Which organisms are present?
Variant sequences an
SNP
Microbial community 8 I\ GATTACA
sample ,° GATTACA
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o o 2 it
oo aED 00
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of OTUs in
l °°°°°° ity %
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The shotgun Sequence Community function;
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Use database to Relative abundance of gene



Metagenomics analysis

Microbial community composition and function insights

-. Q =Sl e snlannies 113993 data sets

By selected biomes

ey m

i = . % 165 amplicon based soil and leaf microbiome survey in Hungarian vineyards 02-May-2017
. L
. % 165 metabarcoding of bacteria associated with cultured strains of the brown alga Ectocarpus sp. 51 12-Jan-2017
Soil (438)
i % 165 rRNA amplicons (V4 region) of bacteria living on and in roots and leaves of Boechera stricta from field experiments in the Rocky Mountains 650 13-Dec-2016
% 165 rRNA gene pyrosequnecing- Secondary successional trajectories of structural and catabolic bacterial communities in oil-polluted soil planted with hybrid Poplar 34 12-Jan-2017
% A diverse array of bacteria that inhabit the rhizosphere and different plant organs play a crucial role in plant health and growth. 4 02-Dec-2016
% Accessing and ldentification of Novel Environmental Alleles of the ACC Deaminase Domain Region through a Competition Assay 1 02-Dec-2016
F TEEhwatEr % Agroforestry leads to shifts within the gammaproteobacterial microbiome of banana plants cultivated in Central America 48 05-Jan-2017
(118) i
% Alk B pyrosequencing -Secondary successional trajectories of structural and catabolic bacterial communities in oil-polluted soil planted with hybrid Poplar 34 12-Jan-2017
% AMF from contaminated and uncontaminated rhizosphere soils Metagenome 70 16-May-2016
W NI 4 % Amplicon-based metagenomics analysis of Vitis vinifera L. cv. Corvina grapes and fresh musts 35 08-Sep-2016

www.ebi.ac.uk/metagenomics



SCIENTIFIC REP{:{;}RTS

Transgenic banana plants

expressing Xanthomonas wilt

resistance genes revealed a stable
e, NON-target bacterial colonization
ST structure

Jean Nimusiima®*", Martina Kéberl’"":", John Baptist Tumuhairwe?, Jerome Kubiriba’,
Charles Staver* & Gabriele Berg®

* Transgenic and control lines

* Investigating associated microbiome by 16S rRNA
gene profiling

* Three year after planting



PC2 - Percent variation explained 7.36%

Transgenic banana lines resistant
to banana Xanthomonas wilt.

» Amplicon sequencing-based 16S rRNA gene profiling

PCoA - PC1 vs PC2

0.15
finl | Principal coordinate analysis (PCoA)
[ ]
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-0.20 -0.15 -0.10 -0.05 000 005 010 015 0.20
PCL - Percent variation explained 81.91% Nimusiima J. et al. Scientific Reports. 2015



Transgenic banana lines resistant
to banana Xanthomonas wilt.

 The expression of the transgenes did not result in

C

nanges in the diversity of Gammaproteobacteria,

t

ne closest relatives of the target pathogen.

* In this field experiment, the expression of the
resistance genes appears to have no consequences
for non-target rhizobacteria and endophytes.

Nimusiima J. et al. Scientific Reports. 2015



RNA sequencing data analysis

 De novo transcriptome assembly
* Expression profiling analysis

« Variant calling
« Splice site identification
* Isoform detection

* Novel transcripts

* transcriptomic epigenetics



RNA sequencing

_ Isolate RNAs Generate cDNA, fragment,
Samples of interest T T e size select, add linkers
' I | M

Y N ) N I > T

O s S i 1 = =yaT=h
[ S -t —
_ [T T T T b 250 bp

jr s b e S 250 bp
Condition 1 1
(normal colon) (colon tumor) ‘Sequence ends

Paired-end reads
Map to genome, (e.g. 2 x 100 bp)
transcriptome, and RI R2

predicted exon \ A Bl Bl pod ]

junCtionS b1 1 - [ - | 14
A T4 g b4 bl
1 100s of millions of paired reads

: 10s of billions bases of sequence
Downstream analysis



RNA-seq analysis

Alternative splicing

'. 1.__11-- // AIiu___.M._.“‘*_Jliilw_______.‘

Differences in gene expression

a High mRNA expression b Low mRNA expression

Reads

Reads

Exon




DNA & RNA -seqg analysis

LN

COMMUNICATIONS

Transposable element in Human ~ 46 %"

HERV = Human Endogenous Retrovirus Endogenous florendoviruses are
major components of plant

Article | OPEN | Published: 10 November 2014

- Endogenous retroviruses (ERVs) = DNA sequences within

a genome that are similar to sequences of infectious genomes and hallmarks of virus
retroviruses evolution
genera”y found in the human Andrew D. W. Geering ®, Florian Maumus, Dario Copetti, Nathalie Choisne,
Derrick J. Zwickl, Matthias Zytnicki, Alistair R. McTaggart, Simone Scalabrin,
XRV _E r B Silvia Vezzulli, Rod A. Wing, Hadi Quesneville & Pierre-Yves Teycheney
. |8 A HERVs are the remnants of
?" ) H ransnjissio = = s = Nature C ications 5, Articl ber: 5269 (2014) D load Citation &
*fé':’ é B T "!’lihl': n ancient retrO\ﬂ.ral Infechons- that ature Communications 5, Article number. ownload Citation
E el  became fixed in the germ lines.
"Germ line"” ERV b

Genome analysis

HERV elu:-men.l: Bene HERV element

LTR d o f LTR
g - W S —— env L




DNA & RNA -seq analysis

Transposable element in Human

%ﬂHERV: Human Endogenous Retrovirus Enrichment Tool

Home | Search | Enrichment Analysis | Download | Contact Us

Welcome to EnHERV.

The human genome contains a2 wide variety of endogenous retrovirus-like sequences. Human endogencous retroviruses (HERVS)
comprise up to 6-8% of the human genome. From a junk DNA espect, they become more interested in biomedical world because
of their expression tend to associated with several diseases, including cancer and autoimmune diseases.

EnHERY is a database designed for not only searching HERV neighboring gene, this database provides enrichment analysis
function of selected HERY characteristics agint genes list. This database is compiled from the human genome nucleotide analysis
mainly in the repeat analysis pipeline from Repbase Update (RU). This database allows user to easily search for gene certaining
HERY in a specific characteristics in a entire human genome. EnHERY aims to identified certain HERV characteristic that
statistically significant of enrichment in specified gene list especially for gene expression data. User can start using searching
function by selecting Search tab at navigation panel. User can search by genes name or HERV characteristics. Then user can run
the Fisher's exact test for identifying by using Enrichment Analysis function. User also can retrieved the entire database from
Download section.

http://sysbio.chula.ac.th/enherv/index.php



Chimeric transcript detection

using RNA-Seq

« HERVs are associated with up-regulated genes in SLE.

et e ey ot T e * HERV : Human Endogenous Retrovirus
Sutary TR SLE : Systemic Lupus Erythematosus
3
& oromuse o o
—( ———
Alt-Promoter exonl exon3

Enhancer




De novo approach
GSE72509 SRA
lllumina HiSeq 2500 — _
18 Control
s
l Trinity
stx blast
Annotation process l
Predicted chimeric transcripts
UCSC BLAT l Manual curation process
Candidate chimeric transcripts
l Validation process

Haas BJ, et al., 2013. Nat Protoc. Aug:8(8):1494-512 %0



http://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE72509

Detected chimeric patterns

LTR Predicted chimeric transcript
start end start end length
4 287 1 281 283  Only LTR transcript
LTR
1 362 495 149 1958 LTRinsertion in mRNA
1 374 1849 2201 3208
MRNA LTR MRNA
1 128 126 1 1004 start of LTR, end of transcript
MRNA LTR
127 343 1 211 1249
323 355 1 33 405 endof LTR, start of transcript

LTR MRNA

31




predicted IF144-THE1C chimeric transcript

IFN-a-inducible genes are candidate biomarkers for disease activity

IF144 - higher expression in SLE
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IFI44-THEL1C chimeric amplicons.
The expected size is 1740 bps.

M SLE

3000 bp

1500 bp

norm neg

33



IF144-THE1B chimeric amplicons.

} | ,‘Hlll{.t“l[! “ i ulnhlll

! | 1 I 1 i IMI..
i} M’»’EM'MM‘L‘“u”‘W[‘J'*UW'"I 1 -,...»-[[ﬁ‘f'.i'i.'.iii!"l"i’I,} Gl ..;['Lt'h-!‘."?l".!.i:‘.'l.' L .".é['?5'|11?_‘..?‘..1L!'Jl_:"!._'f!l'!?l'i'i'.'.'i."!i"_'-.l' i .".'.'i'l'i'l‘iﬂ'ii.i'!'..['l'lﬁ'i"!!l.!l"Ir'!i'J-!"}'i'iﬁ'!'[[l';’ o T il

]
! L Lr M

IF144-reverse amplicon

TGTCTCTAG AT ACCTAGACCTCAGCCIACCT{C ICTCTCTCCA1ACC1AGI AGLC A (AL A ATGCC GAAMAG TTTT € CCATCC ACCCIC AT ACCTUACTCATCACTCGT TITTCATC G TOGT AT T ACA ACAT ACGACCOCC A A(CATAATTGT T ACCCTAGTCTINGTATICAAT T TC TAATTTATATAATTTCCT T ATTC 1ATICACAC
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» Molecular cloning for precise amplicon sequencing s«



MIRNA

post-transcriptional
regulation of

gene expression.

5 C. elegans lin-4 miRNA
¥ccecccu<;U“< J: L‘lmt,,\ cye /«AmJ(,l)(,AGUGUACUA

U
/—GGCAGGACCA GGGCCUCUCGGGUCCACACUU CGUAGU
3

5
G
\CCUGCUUGGGAAA(I:AUACUUCUUUAlIJ/IklIJGCCC/?UAU
/-GGCCGGACUCU UGUAUGAAGAAAUGUA , GG IJAUCG Uc
AA

Human miR-1

GA CC

A microRNA (abbreviated miRNA)
a small non-coding RNA molecule ~ 22 nucleotides

found in plants, animals and some viruses
functions in RNA silencing

/
s oy Exportins
1A protein called exportin-5 transports X
ahairpin primary microRNA (pri-miRNA) 2% Meanwhile, one of the strandsjoins a
outof the nudleus. group of proteins, forming an
microRNA-protein complex. The other
Protein rand, known as a passenger strar
g isusually di
How this all happensis still not
verywell understood.
2 An enzyme called dicer (not shown) trims the \\
mmRNA and removes the hairpin loop, e
ing a double stranded microRNA duplex Ty T l T Argonatte proteins 4 i arimal col the MAGORNA nu(l md g
molecule. Al ',l el ™~ typ|oa||ydontpalrupwrthth
L gasemismatch | 4y 7 pairing
microRNA duplex 'ollowsapanem lhoogh
Passenger strand microRNA

Nudeotide 1
_ HasanAacross fromit

microRNA-protein complex

3In plant cells, the microRNA is

usually perfectly complementary =22
to its target mRNA molecule. ~ Seed Region (Nudleotides 2-8)
The microRNA will bond with it, Endonudeolytic Blocked Hbmqrrle Perfect base pairing
and cause the mRNA to earmpe \ ey i
break down. Nudeotide9 5T RNA-p L
g HasanAor blocks trar vell ding uj
Messenger A stands Nudeotides 13-16 deadenylation (breakdown of the Poly-A tail),
TmR Good base pairing which causes the mRNA to be degraded sooner

and translated less.

https://en.wikipedia.org/wiki/MicroRNA#/media/File: MIRNA.svg



Small RNA sequencing

« Small RNA prediction =
« Micro RNA (miRNA) - ::
« piwi-interacting RNA (piRNA) - :‘.Z
« small interfering RNA (siRNA) °o—eo ==
 MIRNA characterization o __f
« Target Prediction - ‘-:?:_:_‘“-__':::_:::;::-,_,_ i
« Differential Expression Analysis o*: v Eo e

* Novel miRNA Discovery



ChIP-Seq

« Chromatin ImmunoPrecipitation followed by next-
generation sequencing

« |[dentification of protein binding sites on the DNA

* DNA—protein complexes are cross-linked and
precipitated using an antibody

« transcription factor (TF) binding sites as well as histone
modifications on a genome-wide scale



ChlIP-Seq process

AN
“ Add bead-attached antibodies

to immunoprecipitate
target protein

Cross-linked ChIP (XChlIP)

 Crossik proten o DNA - Native ChiP (NChIP)

Shear DNA strands  — ; :
* by sonicating ’ unlink protein; purify DNA
P 7 S y / f sequencng 4 mapto e
o el ~‘ ’ - P
E v ) A ATG_CTGRALGTG
cell lysate J

Information based on Illlumina data sheet



ChlP-Seq

a
ChIP—chip

B W N

ChIP-seq input DNA

MMMMA

Pros35 CG4908 eEFlId
i 0 TR so— t |-

HHH4—= - 1 H
NPCI CG5708 CG5694



Bioinformatics for plant breeding o i

Germplasm manipulation s)|[=lsile]g
- conservation

Genetic resources

Genome sequencing [ 1'.}

Sequence variations
SNP, in/del, SSR

CACTGTGTTGCAAGGGA TATCGTCALCTTALTTGCGTGCGAGGGTGCGG
CACTGTGTTGCAAGGGATATCGTCAACTTAATCGCGTGTGAGGGTGCGGA
CACTGTGTTGCANGGGATATTGTCALCTTALTCGCGTGTGAGGGTGCGGN
CACTGTGTTGCAAGGGATATCGTCAACTTAATTGCGTGCGAGGGTGCGG
CACTGTGTTGCAAGGGATATIGT CAACTTAATCGCGTGTGAGGGTGCGGA
CACTGTGTTGCAAGGGATATCGT CAACTTAATCGCGTGTGAGGGTGCGGA

CACTGTGTTGCAAGGGATATIGTCAACTTAATCGCGTGTGAGGGTGCGGN
CACTGTGTTGCAAGGGATATTGTCAACTTAATCGCGTGTGAGGGTGCGG

l\

Association analysis

Bioinformatics

ang too s Development of
new varieties

Genomlc estimated
breeding value (GEBV)

Quantitative trait locus (QTL) N N Varkerassisted| --------
Genome-wide association study (GWAS) 2 AN HRmET 455 3 Selection (MAS)



Bioinformatics for plant breeding i i

Germplasm manipulation [EEee]|[=1s5 (6]
- conservation

Genetic resources

ey
¢

o8 g
G

Sequence variations
SNP, in/del, SSR

VNN O (US| O] VPG| e, WOU NS . (p—y
CACTGTGTTGCHAAGGGATATCGTCANCTTAATTGCGTGCG  GGGTGCGG
CACTGTGTTGCAAGGGATATCGTCAACTTAATCGCGTGTGAGGGTGCGGA
CACTGTGTTGCANGGGATATTGTCAACTTAATCGCGTGTGAGGGTGCGGA - o N
CACTGTGTTGCAAGGGATATCGTCAL \TTGCGTGCGRGGCTGCGGA YaLYEULYT1IIH
CACTGTIGTTGCAAGGGATATIGT CAA \TCGCGTGTGAGGGTGCGGA “

CACTGTGTTGCAAGGGATATEGTCAACTTAATCGCGTGTGAGGGTGCGGA 3 1 GG
CACTGTGTTGCAAGGGATATTGTCAACTTAATCGCGTGTGAGGGTGCGGN Iﬁ ‘5\1 ﬂﬁl I‘SQ ﬂ auriu E‘I"Itﬁ"l aﬂ L“ﬁtutaﬂ Lua Uﬂum ﬂ"‘s

7 “Genomeassembly and annotation”

3Ufi 6 - 9 AOH1AU 2561

fu Hoo A106 quédinalulagdoniwinuas




Germplasm/resource evaluation

« Germplasm bank core-collections

« useful for allele-mining of candidate genes and
fine-mapping QTLs

 Draft genome : De novo sequencing

» Genotyping




Resequencing

» Alternative to de novo assembly:
align every read to a reference genome

 Requires less coverage, but not easy to find “new”
genetic material

« Often used to detection genetic variation

ACGATCGATCGACTGATTACGATCU

ACGATCGARNCGAERTGATTANNMNTCG
http://www.genomecompiler.com Genome Res. 2009 Jun; 19(6)



STRUCTU

K = hypot
Look for t

Indica

Japonica

Marginal Likelihood

—
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K=1
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RE / Fast-STRUCTURE
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£

J |

JLU

UL

K=8 K=9 K=10
indica Il
indica |
temperate japonica
Tropical japonica
Vi

K=3 K=4 K=5 K=6 K=7 K=8 K=9  K=10

netical number of subpopulations.
ne optimal number of subpopulations

K=2 K=3 K=4 K=5

Detects the underlying
genetic population
among a set of
individuals genotyped at
multiple markers
Computes the proportion
of the genome of an
individual originating
from each inferred
population (quantitative
clustering method)
Calculate K: when
approaching a plateau or
continues increasing
slightly

For the TRUE value of K,
find the smallest value
of K that captures the
major structure in the
data

44



PCA analysis of population structure

 Using all SNPs in each accession/individual in the population gives too
many data for clear analysis

* Principal component analysis (PCA) is a technique used to emphasize
variation and bring out strong patterns in a dataset. Often used to
reduce number of variables and so make data easy to explore and
visualize.

* the principal components are linear combinations of the original
variables. The first principal component is the direction along which the
samples show the largest variation. etc.

C
\ 0.15 | b
002 | Tw, kit « indica
b = indica Y « japonica
' japonica . « aus
A P . 0.10 K
= 0.00 | S : aus _
A o
o <
S -0.02 ": 0 0.05 ;
a. . o E “
-0.04 i" ] . 3
Py Bb e . “
W s D
-0.06 . o - ‘ ]
-0.08 -0.06 -0.04 -0.02 -0.06 -0.04 -0.02 0.00 0.02

PC1 (41.4%) PC2 (15.5%) 45



Bioinformatics for plant breeding o i

Genotyping by sequencing

Sequence variations

SNP, in/del, SSR

CACTGTGTTGCANGGGATATCGTCALCTTALTTGCGTGCG GGGTGCGGH
CACTGTGTTGCAAGGGATATCGTCALCTTAATCGCGTGTGAGGGTGCGGH
CACTGTGTTGCANGGGATATTGTCALCTTALTCGCGTGTGAGGGTGCGGN
CACTGTGTTGCAAGGGATATCGTCAACTTAATTGCGTGCGAGGGTGCGG
CACTGTGTTGCAAGGGATATIGT CAACTTAATCGCGTGTGAGGGTGCGGA
CACTGTGTTGCAAGGGATATCGT CAACTTAATCGCGTGTGAGGGTGCGGA
CACTGTGTTGCAAGGGATATIGTCAACTTAATCGCGTGTGAGGGTGCGGN
CACTGTGTTGCAAGGGATATTGTCAACTTAATCGCGTGTGAGGGTGCGG



SNP Genotyping technology

 Sequencing (High throughput)
« capillary electrophoresis
* Next Generation Sequencing

* Array (High throughput)
* hybridization signal

* Electrophoresis
* single-strand conformation polymorphism (SSCP)



single-strand conformation polymorphism (SSCP)

Wild type Mutanttype

SAD6-1

PCR sap171
X W i @ SAD17-2
Low DNA
concentration to
preventre-
- anealing
—
SAD17-1 ..4 H
SSCP —= w
SAD17-2
The electrophoreticmobility of separationis a function

of the shape of the folded, single-stranded molecules T 2 D
FEEEEELT
® d 3 =3 B

(Hongtrakul et al. 1998)



SNP Array

* DNA microarray

» allele-specific

oligonucleotide (ASO) probes.

* Fragmented nucleic

acid sequences

* Hybridization signal

SNP

Genomic DNA refergnce sequence

C_

Tiling

Quartet

PMA TTGCAGTGCAAG T ACAGTAAGCTCA

MMA TTGCAGTGCAAG A ACAGTAAGCTCA
PMB TTGCAGTGCAAG G ACAGTAAGCTCA
MMBE TTGCAGTGCAAG C ACAGTAAGCTCA

|

PMA
MMA
PMB
MMB



https://en.wikipedia.org/wiki/Allele-specific_oligonucleotide
https://en.wikipedia.org/wiki/Nucleic_acid

Resequencing : Sequence Capture

- Discover genetic variation in genome
- Require reference genome
- Shallow sequencing approach
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Input Images from Sequencer

Tools: Intemal HTS System Software

Base Callin f 1o
g l/ e > 0:
|

{
{} L"ﬂ---:{ .....
1 &=

Jutput: Base- or Color-Sequence
and Quality Scores =>» e.g.fastq

Input Read Data-> eg. fastg

Quality Control

Tocls: SolexaQA, FastQC, PRINSEQ

Genotyping
By

Output Quality Report and Fltered
Reads => e.g. fastg

Tools: BWA, MAQ, Stampy, Bowtie,
SHRIMPZ, bfast

Qutput: SAM, BAM and Mapping
Statistics

Sequencing

Input: SAM/BAM . "
Alignment Post=Processing

saul|adid S1H |8 10} uowW WO

Tools: samtocls, Picard, SMRA, GATK

o TR R

Dutput: SAM/BAM

<=

140 150 160 170 180
Vasews s a1 vl e el wven Bawies |
ATCGTCAACTTAATTGCGTGCGAGGGTGCGGA
TCGTCAACTTAATCGCGTGTGAGGGTGCGGA
TTGTCAACTTAATCGCGTGTGAGGGTGCGGA
ATCGTCAACTTAATTGCGTGCGAGGGTGCGG
TIGTCAACTTAATCGCGTGTGAGGGTGCGGA
ATCGTCAACTTAATCGCGTGTGAGGGTGCGG?
AATCGCGTGTG a

Input SAM/BAM 5

ACTGTGTTGCAAGGG?
ACTGTGTTGCAAGGG
ACTGTGTTGCAAGGG!
ACTGTGTTGCAAGGG!
ACTGTGTTGCAAGGGH
ACTGTGTTGCAAGGG!
ACTGTGTTGCAA

Sk SOABSre, GK Quality Score Recalibration

Output: SAM/BAM

nonooo0a-
HEEEaEa

l"‘I
/
L/
WHdoRXnmE

Input SAM/BAM 3 .
lools: SOAPsnp, MAQ, samtools, Variant and GenOtype Ca“Ing
GATK, Beagle

Output: vef {> 3 c

Input: vef

Input Fnlte.red Read Data
289, [ Alignment/ Mapping

Tools: GATK, samtools, VCF tool [ Fllte"ng SNP Candldates

Output:vef i}

Making Sense of SNP Data




Riversity,
rrays
DArTseq Tec?/mology

IT'S ABULLSEYE WITH DArT
http://www.diversityarrays.com

« Genotyping By Sequencing (GBS)
« genome complexity reduction

* selection of genome fraction corresponding

predominantly to active genes



Bioinformatics for plant breeding

Genotyping by sequencing

Sequence variations

SNP, in/del, SSR

eoeslovacloccelocenlivnalvneeloveelereelacoaleneal
CACTGTGTTGCAAGGGA TATCGTCALCTTALTTGCGTGCGAGGGTGCGG
CACTGTGTTGCAAGGGATATCGTCAACTTAATCGCGTGTGAGGGTGCGGA
CACTGTGTTGCANGGGATATTGTCALCTTALTCGCGTGTGAGGGTGCGGN
CACTGTGTTGCAAGGGATATCGTCAACTTAATTGCGTGCGAGGGTGCGG
CACTGTGTTGCAAGGGATATIGT CAACTTAATCGCGTGTGAGGGTGCGGA
CACTGTGTTGCAAGGGATATCGT CAACTTAATCGCGTGTGAGGGTGCGGA
CACTGTGTTGCAAGGGATATTGTCAACTTAATCGCGTGTGAGGGTGCGGN
CACTGTGTTGCAAGGGATATTGTCAACTTAATCGCGTGTGAGGGTGCGG

Genomic estimated
breeding value (GEBV)

Association analysis

Quantitative trait locus (QTL)

Genome-wide association study (GWAS)




Strategies for Molecular Breeding

= Association Breeding (Breseghello & Sorrells 2006)

 Association mapping methods are superimposed on a conventional
hybridization/selection/testing program for allele discovery and
validation

» Marker Assisted Selection

 Only significant markers are used for selection, usually qualitative
traits

« Genomic Selection (Meuwissen, Hayes & Goddard 2001)

* Genome-wide markers that are used to develop prediction models for
estimating genomic breeding values



Quantitative Trait Loci (QTL)

* Traits with phenotypes that vary continuously

« Most traits are influenced by many genes

» A chromosomal location associated with variation trait
* large effect QTLs can be used in MAS to improve a trait

* Influenced by the environment
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i g

and et al. (2009). Trends in Plant Science,



Quantitative trait phenotypes

Phenotype= Genotype + Environment +Error

@

Effect of the genetic makeup

Souza LM, et al. 2013. PLOS ONE 8(4): 61238



Genotyping

Genotyping by sequencing

Sequence variations
SNP, in/del, SSR

DNA markers

- known as LD mapping or association mapping

- apopulation-based survey to identify trait-marker

« Quantitative trait locus (QTL) analysis

« R/qtl (http://www.rqtl.org)
« Genome-wide association study (GWAS)

o GAPIT (http://www.zzlab.net/GAPIT)

» TASSEL
(http://www.maizegenetics.net/tassel)

Marker Assisted Selection

Molecular marker development
« CAPS marker
* tetra-primer ARMS PCR


http://www.zzlab.net/GAPIT

Genomic Selection

Genotyping by sequencing A marker assisted selection on a

.
MEAITGET- SR e uses statistical models to predict how
= e a plant will perform (Breeding

: 1%@%%%% Values), before it is field-tested.

'GCGTGTGAGGGTGCGGH

Genomic selection (GS) « ASreml|

* r1rBLUB, BGLR, EMMREML

“The rapid selection of superior genotypes
and accelerates the breeding cycle”

|

Breeding .:'.j & Calculate Make
Material ¥ GEBV Selections

GenOmiC EStimated Breeding Value (GEBV) Crossa J. et al. Trends Plant Sci. 2017 Nov;22(11)



Bioinformatics for plant breeding o i

Germplasm manipulation s)|[=lsile]g

: - rvation
Genetic resources conservatio

Development of
new varieties

| Marker Assisted |
I Selection (MAS)




Marker development strategy

o

Sequence qc

U

De novo assembly

U

SSR identification

simple Sequence Repeats {SSKEs)

il
=

e |

- e - . -
'—--h'--—'hq

ankl

E5100

oeficicn

Set of informative markers

)

Primer3

reqions

Primer design

1

Validation

L]

Primer screening
BLAST




Sequence with information

>SSR

ACACCATAATTTTATCGGTAATGGTTCATGTCGCTTATAAAAACTATCTCAAGCTC
CCGTAGAAATTGTTCCTGGCATAGAGAACTAGCATGTCCATATATTTCATTAATTG

sSTAATAGTTCACAATCCTT
AGATAACTTATTTTGATAA
ACTTGAGAGCAACCTAGAG
SACACACATATATACTGCT
-GATCATAGAGTTCACTAA
ATGATAGCTTTTATAAATC
[ATGCGACATGCACGTCAA
[ATGAGGCCCTCCAAGGAT
cATCAGCGGTAATTCAAAT

ATCAAAGCAATGGTAAGGTGCACAACAATTTTTACCAC
ACATCAAACCCATTATATTGTATACAGCGCCATACCT!
CTCTCTCTCTCTCTCTCACATATATACTGCTGTAAGA!
CCATTAAATTCTCGATCATAGAGTTCACACACACACA(
GTAAGAACTTGAGAGCAACCTAGAGCCATTAAATTCT(
TTCTTACTGCAACAATAATCCCAATCTTACACATGGC!
TTTAGTTTGCTTATCTGAACACATAGATAATGAAAAC
TAACCGTTGGATCAATGGTCAAGAAACAACTACAAACT
ATTGGTGCGCTTTCCTTATTTGCTTTCCATATAAACA(

Sequehces in Red: repeat motif - (CT)8(CA)2(TA)3; Sequencés in Blue: repeat motif —

(CA)10(TA)3



Associations reported for certain traits.

 Genome annotation
* Transcriptomic variation

C

http://pathview..r-forge.r-project.org/



NGS community

. SEQanswers R BI ostars
the next generation sequencing community \ ti t* 4 BIOINEOEMATICS EXELAINED
ot .

http://seqanswers.com/foru ms/index.php https://www.biostars.org

Applications Forums

Platform agnostic discussions about scientific applications of sequencing data

~ ¥ Sample Prep / Library Generation (& Viewing)
- Techniques and protocol discussions on sample preparation, library generation, methods and ideas

~ ¥ Genomic Resequencing {1 Viewing)
Variant discovery in previously sequenced genomes/regions

~ ¥ De novo discovery (1 Viewing)
Wandering without a reference? Post here

~# Metagenomics (3 Viewing)
Ever wonder what's growing in that hot spring or glacier?

=t Epigenetics (1 Viewing)
! Any non-primary sequence heritable modification of genetic material. ChIP-SEQ, DMA methylation (Bisulfite-SEQ), chromatin modifications
{methylation, acetylation, etc), non coding RMA.

~# RNA Sequencing (20 Viewing)
Application of sequencing to RNA analysis (RNA-Seq, whole transcriptome, SAGE, expression analysis, novel organism mining, splice vanants)

~# Clinical Sequencing
Discuss issues unigue to clinical sequencing.




“Knowledge of biology is vital In

the interpretation of

computational results.”

“Use the right tool for
the right job”




