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Fragments Add adaptors Attach to flowcell

/K N1 6—19-—11 P‘. 3 . I
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PCR extension
Q —_—>
® \>

Bind to primer Dissociation
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Sequencing

Cluster formation

https://www.illumina.com/systems/sequencing-platforms/novaseq/specifications.html

=

e

Signal scanning

NovaSeq™ 6000

u
illumina

Table 1: NovaSeq 6000 System flow cell specifications

i SP S1 S2 S4
type
Lanes per > > > 4
flow cell
Output per flow cell2P
1 x 35 bp N/A / W\ 280-350 Gb
2x50bp  65-80Gb ;ow‘o Gb N/A
134-167 _ 667-833 1600-2000
sl Gb Gb 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
Singlereads ) ocneB  1.3-41.6B 3.3-4.1B 8-10B
CPF
Paired-end
1.3-1.68 2.6-3.2B 6.6-8.2B 16-20B
reads CPF eiell
Quality scores®
1 x 35 bp Q30> 90%
2 x 50 bp Q30> 90%
2 x 100 bp Q302 85%
2 x 150 bp Q30> 85%
2 x 250 bp Q30> 75%
Run time?
1 x 35 bp N/A N/A N/A ~14hr
2 x 50 bp ~13hr ~13hr ~16hr N/A
2 x 100 bp ~19hr ~19hr ~25 hr ~36hr
| 2x150bp ~25hr ~25hr ~36hr ~44 hr
2 x 250 bp ~38hr N/A N/A N/A
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< WGS (Whole Genome Sequencing) Ifo| x2}ol < GBS (Genotyping-By-Sequencing) It0| X 2}Ql

Short reads Short reads
sequencing data sequencing data
| , [
o - v
Pre-processing Y Pre-processing
Quality filtering De-multiplexing Adapter trimming > Quality filtering
|
v . i
Read alignment Read alignment
Mapping to Mapping to
reference genome reference genome
| :
Variants detection y Genetic relationship L
Construction of Construction of N _
matrix matrix i SNP filtering
l [
v ¥ v
SNP filtering Principle component Phylogenetic tree Population structure
analysis
I
i v . ;
Specific marker Specific marker ¥
Group common Group POIYmQTPh'C Group common | Group polymorphic
allele selection SNP detection allele selection SNP detection
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Sachidanandam R et al. Nature. 2001;409(6822):928-933
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Selfing
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Generation of large F2 population
Extraction of DNA from tissue of each individual

Genotyping using polymorphic primers

Agarose gel electrophoresis of PCR products
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Marker-assisted selection (MAS)

CONVENTIONAL BACKCROSSING

VISUAL SELECTION OF BC1 PLANTS THAT
MOST CLOSELY RESEMBLE RECURRENT
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MARKER-ASSISTED BACKCROSSING

N
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P X ES
)
BC1

USE ‘BACKGROUND" MARKERS TO SELECT PLANTS

THAT HAVE MOST RP MARKERS AND SMALLEST %
OF DONOR GENOME

JBRGU AT AR R
R840 10
T

« https://jgeb.springeropen.com/articles/10.1186/s43141-021-00231-1 7
«  http://www.knowledgebank.irri.org/ricebreedingcourse/Marker_assisted_breeding.htm



Filtering

= &8¢t zE L=
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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 -
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arker assiste B 56 o

selection (MAS) Marker-assisted
s e backcrossing (MAB)

Linkage Map &

Genotyping-By-
Sequencing

RM331

Association Mapping SMX| 22 0kA
QTL Mapping

O ]

Scores of PCA

Statistical
association

PC2
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Likethood ratio ©
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1. SNP 7[gt9| OtA - HRM, KASP S

2. SNP, In/Del 7[Et2] O}7{ — CAPS, SCAR, gel base PCR &

3. SSR 7|89l OtA

<» BARCODE SNP 0f|A|
Barcode no.
Barcode-SNP type

Barcode-SNP candidates
Sample1
Sample2
Sample3
Sample4
Sample5
Sample6

]
abaabb

2

abaaba

3
ababbb

1
4

abbaaa

< CAPS Gl|A] -

Product size: 648bp

REF[

* * * *
CTAA ] 150

ALT[

AR ]

*  :Cleavage site

Red : Target SNP site
"L :Cleavage seq

et
SNP

Al

Ref




28 2 - M EM (Genetic Analysis)
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A
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| R 24027
SNP EE In/Delt 262 ChJ3 10| HES 015101 A = HEto)

CHYd, Dy, et

ELEREEES
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F4E 24 (PCA)

1z

Nucleotide diversity &4

S CIYY 24

Pairwise distance £4

2. FHE 24 (PCoA)

3. MDS plot SO 2A
4. HEZ 2Y (Phylogenetic tree)

5. X 24 (STRUCTURE)

6. Fer 24 ]

7.

8.

9.

Heterozygosity &A1

10. AMOVA &4

o =
*RAER

M
a1

Deltak = mean(|L"(K)]) / sd(L())
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QTL-mapping vs GWAS

bi-parental populations

ix 1l

P1 1 P2
A) I (B)
/ F1 Genome-Wide Association studies
GWAS: natural population
Il .
P1 | Ft SNPs
BC1 pomwand] g R 1 RIS L
@l . Be Al 6 T ¢©
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Genomic position Genomic position
EX|:Alseekh et al. 2018
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|. GWAS (Genome—-wide Association Study) £410|2t? p——
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II. 01 13 =4 = AL GAPIT Z2t Oj|A| : 2]
g .
a. GAPIT :
0‘.0 0?5 1?0 1?5 2?0 275 3?0 375
Expected —logio(p)

P-Values by Chromosome for EarDia

TASSEL Z2t GijA]|

& aariot
Expected -Log10(P-Value) vs. -Log10(P-Value)

\

-Log10(P-Value)

00 02 04 06 08 10 12 14 16 18 2, 26 28 30 32 34 36 38

20 22 24
Expected -Log10(P-Value)

# Earbia — Expected Values|




(Genome—Wide Association Studies)
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Virus resistant and high
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« https://royalsociety.org/topics-policy/projects/gm-plants/how-does-gm-differ-from-conventional-plant-breeding/
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Genome-Wide Association Studies (GWAS) BlIOTOK!

Genotype Data Phenotype Data

Genotyped Genotyped Berry Number ‘:’ GWASQ' %E:
e H“’h?w v s fHd variationz} E¥¥ variation Afo| 2|

\ ~c 20 fo0jst Hatdo| A= K HA 0 HM

G . ' 13 . .

v < GWASZ| key factors
A oo w T 12
« Germplasm (population)
o 11 .

& s ' « Genetic markers

G | | AL - Statistical models

G - C ¥ o - Phenotype

A vores T ¥ s

G - T w 7

/ Germplasm \
A T ¥ 6
ASSOCIATION RESULTS Association
Low LD SNP High LD SNP Variation in — Variation in
c | c | T Aleles Genotype Statistical Phenotype

108 102 124 86 Mean Berry Number Model

0.77 0.037 P value of association test \

0.04 036 R?- LD with functional SNP

19

Myles et al. 2009
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Zhu et al. (2008)

Linkage Mapping

Association Mapping

BTN 2 HE ALS

=2 allele diversity

NS=7t RS,

xFxd « Y2 densityQl genetic marker wHi POl He giZ. — A7t HY
oo * Fine-Mapping2 &dif QTL &4 7t5 PedigreeE Y11 U= 82, O =2 mapping
HYEE HE = US.
+ 2 allele diversity phenotypeZte] ZA 0| 25 2XM0| S}t
+  ulHf 2PHOIM AlZHO| 22 A QTLD 37| foiMe= 0 2 EE AR ER
':._|'|I='|| *  Recombination event?} & % 4%, mapping =2 density?| genetic marker 27
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[EXE 37| M= =4 validation

Elite Chinese line 97103 || X || PI296341-FR

| l 1 1 1
1 1 1 1 1 1
R IQ R I ® ®

YY YV VY

ingle seed descended
ix generations to develop an F8 RIL

Ren et al. (2012)
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Variation in

Genotype

Germplasm < GWAS2| key factors

Germplasm (population)

Assoctation Genetic markers
— 9 Variation in !
Statistical Phenotype Statistical models
Model

Phenotype

At MY 2

GLM (General Linear Model)

= SNP + QO (or PCs) +

QX}
(error)
SEXE

(fixed)

Population Structure
(fixed)
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Germplasm

< GWASZ2| key factors

Germplasm (population)

Yok MY By
GLM (General Linear Model)

sgHy By
MLM (Mixed Linear Model)

Association .
Variation in _ Variation in Genetic markers
Genotype Statistical Phenotype Statistical models
Model Phenotype
* Kinship
. #E e

Y=SNP + Q (or PCs) + e
= SNP + Q (or PCs) + Kinship + e

Unequal Relatedness i

(Random) QX
(error)
QENY

(fixed)

Population Structure
(fixed)
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GAPIT

Observed -logo(p)

zQ 7y
MLM.V1

T T T T T T T T
00 05 10 15 20 25 3.0 35

Expected -logio(p)

~log1o(p)

MLM.V1
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GAPIT

Genomic Association and Prediction Integrated Tool

(Version 3)

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

% GAPIT 2 R 7|HIOZ R studio £ A3l

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:
Bradbun PJ, Zhang Z, Kroon DE, Casste\ ens TM, Ramdoss Y Buckler ES. (200 /) TASSEL: Software for

TASSEL Version 5.0 (Getting Started!)
(Build: November 16, 2021 Requires: Java 1.8) Alignment Viewer
Tassel 5 Mac OS i

Tassel 5 Windows 64 Bit
Tassel 5 Windows 32 Bit
Tassel 5 UNIX

htt WWW.Mmaizegenetics.net/tassel

TASSEL 213 MX|= 7|2 default 2422 X3


https://zzlab.net/GAPIT/
https://www.maizegenetics.net/tassel

GAPIT £&74

MAS

Genomic

GAPIT
XXX

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 v
gBLUP Zhang et al, 2007, J. Anim. Science’ v v v
Enriched CMLM Li et al, 2014, BMC Biology® v v
SUPER Wang et al, 2014, PLoS One’ 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'? v
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
‘GAPIT.FarmCPU.EarHT.phenotype_view.pdf
‘GAPIT.FarmCPU.EarHT.QQ-Plot.pdf

B GAPIT.FarmCPU.Pred.result.csv

GAPIT.Heterozygosity. pdf

‘GAPIT.Manhattan. Multiple.Plot.circular.pdf
GAPIT.Manhattan.Mutiple.Plot.high.pdf
‘GAPIT.Manhattan.Mutiple.Plot.symphysic.pdf
‘GAPIT-Marker.Density.pdf
GAPIT Marker.LD.pdf
GAPIT:Multiple.QQ.plot.symphysic .pdf

GAPIT Multracks.QQ.plot.pdf

GAPIT.PCA.2D.pdf

GAPIT.PCA.3D.pdf

—logo(p)
FarmCPU EarHT

GAPIT.PCA.eigenValue.
R GAPIT.PCA. eigenvalue:
B GAPIT.PCA loading:

—logio(p)
FarmCPU.dpoll

1320 s FamCPUEAHT o FarmCPU.dpol Bink EarHT Bink.dpol

~logio(p)

Blink. EarHT

Blink dpol

_ ~logilp)
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