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= 107}X|2] GWAS RIS 713

General Linear Model (GLM)
Mixed Linear Model (MLM)
Compression MLM (CMWMLM)
gBLUP

Enniched CMLM

SUPER

MLMM

FarmCPU

cBLUP and sBLUP

BLINK

Price et al, 2006, Nature Genetics®
Yu et al, 2005, Nature Genetics
Zhang et al, 2010, Nature Genetics®
Zhang et al, 2007, J. Anim. Science’
Li ct al, 2014, BMC Biology*

Wang et al, 2014, PLoS One®

Segura ct al, 2012, Nature Genetics'®
Liu et al, 2016, PloS Genetics'!
Wang et al, 2019, Heredity'"?

Huang ct al, 2019, GigaScience'?
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= YHIMOZ GLM EE= BLINKE AL2510| M

= CI5 SEXE ZH2 MLMM, FarmCPU, BLINK 0| £

a1
o
= CHU /T

Xt& £X: https://zzlab.net/GAPIT/gapit_help_document.pdf
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Si: Testing marker Q: Population structure K: Kinship

S: Pseudo QTNs

Q: Population structure Arrow: adjustment



1. ¥% XA g2 Mol st ofsH TSR

Source of variation
/ \ Type | and Type Il Error
population population Unequal
mean structure relotadness Null hypothesis is... True False
, ’ , 3 Type | error Correct decision
it — H + SNP + Q(O!' PCS) + Kmshlp + e Rejected False positive True positive
/ l ‘ l \ Probability = a Probability = 1~
(observation) (Fixed effect)  (Fixed effect) (Random effect) (Error) . lecisi Yone i oo

: 2 Not rejected True negative False negative
l ‘ o4 l H
General linear model (GLM) Probability = 1-a Probability = B

Mixed linear model (MLM)

SgMYRE2 population structure, kinship C|O|E{E SA|0| Hojge=2M I, R 112 LFE £ = US.

(o]

Xt=E EX: https://www.ag2pi.org/docs/workshops-and-activities/workshop-2021-06/AG2PI_WS4_20210624_Zheng.pdf
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0 GAPITS| El|O]E] X{2] &=A]

GAPIT essential modules Phenotypes, genotypes, parameters, and simulation of
phenotypes
- & = Data and =i
i parameters (DP)
Filter and match phenotypes and genotypes, and impute
GAPIT users . // missing data
/“ﬁ) Quality control (QC)
A Intermediate _ Phenotype distribution, MAF, PCA, kinship, LD, and
2o components (IC) marker density

PR 8

farmcﬁif Sufficient statistics

| |

| SBLINK

| | : (SS) GLM, MLM, CMLM, SUPER, MLMM, FarmCPU, BLINK,
| : gBLUP, cBLUP, and sBLUP

| | &

|

/ |

Interpretation and

diagnoses (ID) i

/

Adapters Create Manhattan and QQ plots, link to genotype
features, and calculate power

Xt=2 &X: Wang and Zhang (2021), Genomics, Proteomics & Bioinformatics
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BLINK
w FarmCPU
)
2 MLMLM é-.
o —
Q. SUPER e
e :
- FaST-LMM-Select a
.2 I
© ECMLM
e
i CMLM
MLM FaST-LMM

Low
Low

Polygenic

High Mendelian

Low

Computing efficiency Complexity

B carm1 B capim2 B GAPIT3 B carim1t B cAPIT3

Xt=2 &X: Wang and Zhang (2021), Genomics, Proteomics & Bioinformatics
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T (IDE; Integrated Development Environment)

4 GATK

= Genome Analysis Tool Kit
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1. R &X%] BIOTO k!

ORCOREE
= RMA| oYU CREE (https://www.r-project.org/)

= CRAN 28| £, Korea MH url 28

R R The R Project for Statistical C X 4

(& & r-projectorg & T * = 0O ° :

The R Project for Statistical

. W = O X
Computing R CRAN - Mirors x  +
[Home] ] & C & cranr-project.org/mirrors.html 2 *» = 0 0’ :
Downioa Getting Started
ownloa '
R is a free software environment for CRAN M Irrors
and runs on a wide variety of UNIX
R Project please choose your preferred CRAN| The Comprehensive R Archive Network is available at the following URLs, please choose a location close to you. Some statistics on the
_ _ status of the mirrors can be found here: main page, windows release, windows old release.
About R If Yospave questions about R like h
the licens&¥eyns are, please read o . L e .
Logo P If you want to host a new mirror at your institution, please have a look at the CRAN Mirror HOWTO.
Contributors you send an emat:
Repering b News O-Cloud
eporting Bugs . ) ) )
Conferences . . ] Automatic redirection to servers worldwide, currently
Search - Rversion 4.3.1 (Beagle Scouts| https://cloud.r-project.org/ sponsored by Rstudio
Get Involved: Mailing « R/Basel, a useR! Regional 2023 Argentina
Lists May 2023. ) . . )
o http://mirrorfecaglp.unlp.edu.ar/CRAN/ Universidad Nacional de La Plata
Get Involved: + Rversion 4.2.3 (Shortstop Bea .
Contributing y v R Foundat Australia
& YOU Can suppo e ounaatioy .
Developer Pages member o https:/feran.csiro.au/ CSIRO
R Blo )
’ https://mirroraarnet.edu.au/pub/CRAN/ AARNET
|y £ H . -l i [ 1 LA .l a! = T el 10.: e L na Il -
Korea

https://cran.yu.ac.kr/ Yeungnam University 11
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O RCIREE

= PCAFOl St= 2EHIH] 4=

= SubdirectoriesOllA] base MEY

x| 2 AFE = IR & 64bit based.

R The Comprehensive R Archive

< c

8 cranyu.ackr

CRAN
Mirrors
What's new?
Search
CRAN Team

About R
R Homepage
The R Journal

x  +

O

pes

e * @ » 0@ :

The Comprehensive B Archive Network

Download and Install R

Precompiled binary distributions of the base system and contributed packages,
Windows and Mac users most likely want one of these versions of R:

e Download R for Linux (Debian, Fedora/Redhat, Ubuntu)
e Download R for macQS
¢ Download R for Windows

R is part of many Linux distributions, you should check with your Linux package
management system in addition to the link above.

Source Gode for all Platforms

Windows and Mac users most likely want to download the precompiled binaries

R for Windows

Subdirectories:

CRAN
Mirrors
What's new?
Search
CRAN Team

About R
R Homepage

The R Journal

Software
R Sources
R Binaries

Dinrlenmae

Binaries for base distribution. This is what you want to install R for the first

base .
time.
contrib Binaries of contributed CRANackages (for R == 3.4.x).
. Binaries of contributed CRAN padkages for outdated versions of R (for R <
old contrib
3.4.%).
Riools Tools to build R and R packages. This ¥ what you want to build your own

packages on Windows, or to build R itse

Please do not
case of questig

You may also

Note: CRAN d
precautions wi

Download R-4.3.1 for Windows (79 megabytes, 64 bit)

EEADME on the Windows binary distribution

Mew features in this version

12
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Q R &X]|

. CjeEC E I

cla R-4.3.1-win exe

- CH2ERC oty MY

o
by # 3] - R for Windows 4.3.1 - x by #3) - R for Windows 4.3.1 - x g 7 - R for Windows 4.3.1 — X
HX| HO| MEA e e - EXE YR M= - T8 2 25 -
£XS H&olAT] HO| 042 TAS RS T 20=EAR, Q SCIGHR for Windows 4.3.1 S(F) EREATEUTR Q OT T4 R4E BAGAITSUTR Q
\l/ A VY ZO ALRE A0S H=o] FUAIZ:
= ERE A& FHT 2T, TS SYo FAML, - - - ERTIA A2 T4 Ras HEGAIL FXSHD AT $2 T4 Ras HBE G
[ SMEASE SESRE | ]]' X TRTAE R for Windows 4.3.1 S(5) THE FHO| 2XT RYUL, SN2 EXE AT B0 EASH TS S BRerkME, -
‘ GNU GENERAL PUBLIC LICENSE ) B e s s =
=20 v Version 2, June 1391 H£BIA R TS g SYSHUA 2, 12 SHS HESHAET, "ROEI"E £8 ASR HAE HEtH2 EX 2
BaiA
Coas Main Flles 89.1MB
Copyright (C) 1989, 1991 Free Software Foundation, Inc, ‘C:W‘Program FilesWR YR -4.3.1] ELEETW &4-bit Files 68.7MB
51 Franklin 5t, Fifth Floor, Boston, MA 02110-1301 USA Message translations 9.0 MB
2ol e B Everyone is permitted to copy and distribute verbatim copies
of this license document, but changing it is not allowed.
Preamble
The licenses for most software are designed to take away your
freedom to share and change it. By contrast, the GNU General Public M d=g 75 B4 EA 0 BRs F4 22 169.3M8
#Ha HEE) ETY S=@) Ha
by =7 - R for Windows 4.3.1 - X pl &7 - R for Windows 4.3.1 - s by =% - R for Windows 4.3.1 - x el &7 - R for Windows 4.3.1 -
AEIEY g4 . AT B B0 4 . =7 M4 HE . .
LSS S48 FENE TR R = RO BRI $E 7178 USRI R HE ATE 7T BEHNALLTR R R for Windows 4.3.1 24 2=
gt QLA S e
yes T2 no B K F0Next 2 SAFHL S — i m=ame Teomo|uE 7S O1S AT By BHY S HUL o Windors 43,1 & SR AN 2712 IEHIR Shs B LN, 0 hERE SRS sEs e 220 veaUn,
= g 2-2 SEnA e, - ot =
O ves (2EHE R 57) = 222 SYY SRS YEILML,
@ No (12 A ASANE TIS 'S TUSLAL, T B SRR OIS T otolE B
A HiSH SHE0] 0102 B4 (D)
E HOLETIR)... [ ®e 220 01012 B4(Q)
HRAsE B,
HRIASZY HEYLE HTSAR
RS RData THEED FEELICH
[ M= o 268 US| 220)
EETS) ETS CETS) EET EPS EETS) EET TS 3
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= SEX[E ZE0H M (AEHFA 2l 7tS)

@ RGui (54-bit) — O e
me BT 27 VB WFNE 2E9E SEg

@ R Console

R wersion 4.3.1 (2023-06-16 ucrt) -- "Beagle Scouts"™
Copyright (C) 2023 The R Foundation for Statistical Computing
Platform: x86_64—w6‘]—mingw32.-’x64 (64-kit)

RE Ta 2IDEfoo|n, oEz Feie =30 sZEdc,
=%, WEE Zdsold olEg WHI T o fledd,
HZer THE T Ys2 "license() ' E£ 'licence () ' B0H ®UT = S

RE ¥2 7|EnE0 EESs SEZEEEYYS,

'contribucors () 'ex BHSAE ol oiFE o T2 F=g @0EHE = Qsdoh

282, R E= R H7I7Es FTEC sSs LEY oHMe 'citation()'s BS
'demo () '® YHSHIOE BAtx dog 22 £ fed, 'help()'s ZHAME 25
Z%, 'help.startc()'2 2§ 59 HTML ==emd 2@ Zglg AJetids

B2 FE® ¥3AZ 'g()'e LESZHL.

[oEH MEE TUsTE sFEEedD)

>

14
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O RstudioCI22C

= RE ZEFHOE MEISHA| ALY = U =obF= S8 i &3

= Rstudio (https://posit.co/)
= Download RSTUDIO £8]

= Rstudio Desktop Free ¥ CI22C

Posit | The Open-Source Data © X +

«>c

Grow your data science skills at posit::conf(2023) September 17th-20th in Chicago

PRODUCTS SOLUTIONS ~  LEARN & SUPPORT EXPLORE MORE

= posit

A
< C @ positco/downloads/
I l I a d e e a S %posit PRODUCTS v SOLUTIONS >  LEARN & SUPPORT v
DOWNLOAD

RStudio IDE

The most popular coding environment for R, built with love by
Posit.

s built to help

ntax-highli

also featur ols

for plotting, viewing history,

managing your workspace.

BStudio NDeskton RStidin Server

& positco c e v* B*»0@ :

PRICING Q I DOWNLOAD RSTUDIO I

2 posit

] DOWNLOAD RSTUDIO

Download RStudio

Professional

RStudio Desktop

Open Source Edition (AGPL v

RStudio Desktop Pro

Posit Licensing Agreement

$995 rerveur

Free

. Syntax highlighting. code completion, , Syntax highlighting. code completion

e L L

EXPLORE MORE v

ditor that suj

PRICING

ctive with R and

rts direct code

bugging and

v - O %

c e v B»0@ :

Q DOWNLOAD RSTUDIO

BE posit  rrooucts

RStudio
Deskto

i weekly, tt

‘1: Instal
‘2: Instal

2: Install RStudio

Size: 212.78 MB | sHA-256: e1A61669 | Version:
2023.06.0+421 | Released: 2023-06-08

1: Install R

natches your compute operatir

DOWNLOAD AND INSTALL R

R'2o|0|Hea=,
Rstudio’ CI2 2L

15
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2. R studio &% BlIOTO K.

O R studio A%

. CjeEC E I

(& RStudio-2023.06.0-421 exe

. ngc 2| Tl AlsH

=2 =2 o
(& RStudio €A - X (& RStudio 24 - x
. - = = X AR 4

RStudio #x & A&ELILCH RSudio(2)E &AL E0E 0%l TH2,

0 Z2M= 22| AEEN Rsudia(S)E 308 220U Astudin(S1E CHe SOH 20" HEYLICE

Ck Cie SHH S&cd FS N HOED HES s2iM CHE SHE Sl FHE, HEshh

_ _ _ T HES =2 4 5.

TS MAGE| J hsEret D T2 0ME Z89lH FA

JIBEEILICE Oj= SRS ohl 2oME A28 Digs -8

2 & A sl &Lt

H&SHHE TS HES 58 Z4 &

&5 =0
| FOLEDI..
EEE S EE Ha
7 RStudio & — X (77 RStudio B —
A Hw 20 A9 . =
O 22809 bh2 4| DHOIZ0) AR AT Hi B0 e, RStudie 2%l 3=
IZET2 HEZE 2H OHI 20l 482 AE He EHE =62 MES2 EHE YdatE RStudio2] SR 2FERIS&LICH
=0 DIES 28t S,
7 Z2OHS OHY OFE HES 50 ZH&.
|
Accessibility ~
Accessories
Adrinistrative Tools
AhnLab
Chrome
Easels
FileZilla FTP Client
Formtec
Geneious Prime
?Bnuplnt
W
[THIZ 77| OHI2 & BHER S &SI
E &7 e <HE i

16
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d R studio &1

= SEXE T2 A (AEH RO A 2l 7ts)

File Edit Code Wiew Plots Session Build Debug Profile Tools Help
S - Of -

~ Addins - R

9] Untitled1 =] Environment  History Connections  Tutorial =]
Source on Save | O - =*+Run | *+ Source = “rf # |mpart Dataset = | @ 86 MiB - | & List = =

R~ 1 Global Enviranment ~

Environment is empty

FStudio reguires an existing installation of R.

Please select the version of R to use. | ﬁEEdE *J. '_a J

@ Use your maching's default 64-bit version of R
Use your maching's default 32-bit version of R
) Choose a specific version of R:

_—
| 11 (Top Level) = R Script 2
i Console  Terminal Background Jobs =] Files Plots Packages Help Viewer Presentation |
| R R431. ~ = Export =
R version 4.3.1 (2023-06-16 ucrt) -- "Beagle scouts”
- . . . | Copyright (C) 2023 The R Foundation for Statistical Computin
You can also customize the rendering engine used by RStudio. Pyrig «© P 9

Platform: xB6_64-wbd-mingw32/x64 (64-bit)

Rendering Engineil|f-\ut0-detecl (recommended)"” R is free software and comes with ABSOLUTELY NO WARRANTY.

You are welcome to redistribute it under certain conditions.
Type 'license()’ or "licence(}’ for distribution details.

R is a collaborative project E% *J. lémtor"s. nl-oé *A‘

Type 'contributors()" for mor
"citation()' on how to cite R or R packages in publications.

Type 'demo()' for some demos, ‘help()' for on-Tine help, or
"help.start()' for an HTML browser interface to help.
Type 'q()" to quit R.

[workspace loaded from ~/.RDatal

=

17
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SloTOk:

o HTQstESOF MENSIH Ml JHs
« HEOFC MAU(R)E ME/E 7| 7t
o 0 CHSt Ats 2t 75 "B

= Environment/History/Connections &

« Environment : 2 21=l C|O|E{ M| E ol

|

« History : 3t H&0, 21} 5 ol
« Connections : DB Mo} (A 22|

= Files/Plots/Packages/Help/Viewer®

Files : It EFA 7|

Plots: Ja2fj =&

Packages : I{7|X| 22|

Help: =%

File Edit Code View Plots Session Build Debug Profile Tools Help
o -loml-

[T  Environment Hi

sion (20 os-15 L\(r‘t) - "Eeag'\e scouts™
py ight ( ) 2013 h = tatistical computing
: X86_64-w4-mingw 32/ EA Caas I: )

o g

=0

=0
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= ot32 22X 0|+ £ encoding 8X0| Hagt.

= UT

-

-82 473

Tools0llA Global Options &4 ook Help

Install Packages...

Check for Package Updates...

CodeZ 0|=

Version Control

SaVing E=||.I %E—'! Terminal
Backqround Jobs
‘Default text encoding’ 0l Al Change £&! e

Keyboard Shortcuts Help

Modify Keyboard Shortcuts...

‘UTF-8’ M

aEl Edit Code Snippets
OK =5

Show Command Palette

Project Options

SECECORBOBCEIONC

Apply 2

Alt+Shift+K

Ctrl+Shift+P

Global Options...

©®

oK 22|

jment is empty
Editing Display

.| General

Completion Diagnostics

Options
General
Code
> Console

¥ ] Appearance
Pane Layout
| Packages

@ R Markdown
A Python
e~

Sweave

aBg
i

Spelling
W civsw
<87 Publishing
W eminal

@ Accessibility

Ensure that source files end with newline
Strip trailing horizontal whitespace when saving

| Restore last cursor position when opening file Choase Encoding

Serialization

Line ending conversion: | Platform Native  w

Default text encoding:
[Ask]

Change..

Auto-save

| Always save R scripts before sourcing

Automatically save when editor loses focus

When editor is idle: __Eackup unsaved changes v
Idle period: | 1000ms  «

'WINDOWS-1252

iAski 5
UTF-8 (System default)

Show all encodings

6

o e
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GWAS - =4{0j]| 2Rt o 1. HapMap BlOTOk.

Q o SEXFE2 “*.hmp.txt’ 2 210] X F x| 00} ofH oA HA 2 of2liet Z#5.
A E C D E F G H 1 ] K L M M O
rs alleles  chrom  pos strand  |assembly |[center  protlSID assaylLSID panel QCcode 1 2 3 4
chr01_1021 G/A 1 102663|+ MA MA MA MA MA MA AG AG AG GG
chr01_102 A/C 1 102714 |+ NA NA NA NA NA NA AC AC AC AA
chr01_133.C/T 1 133318+ MNA MNA MNA MNA MNA MNA CC CC CC CC
chr01_133:-A/G T 133405|+ MA MA MA MA MA MA AA AA AA AA
chr01_344.G/A 1 344263 |+ MNA MNA MNA MNA MNA MNA AA AA AA AA
chr01_344.C/A 1T 344362+ MA MA MA MA MA MA AA AA AA AA
chr01_387 A/G 1 387783 |+ NA NA NA NA NA NA GG GG GG GG
chr01_388 G/A 1 388166|+ MNA MNA MNA MNA MNA MNA AA AA AL AL
SNP HH Ref MH Genotype
[header &E]
rs : OFAHE
alleles: H7|ME (biallele)
chrom : MK HS (Xt only!)
ot Genotype AA CC GG TT AG CT CG AT GT AC
pos : GAMH LY (K]
Code A'C G T R Y S W K M

* 2| A2lollM center, protLSID, assayLSID, panel, QCcode & ‘NA’ M2|5t0{ £ ZIdis| = S 2L,
* HapMap It 2 GAPIT, TASSEL 25 S8t Ot 2 A2, 21



GWAS - 2Aoj 29 o} 2, <

A

T

(F)He| 2% )
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O o SERH2 > ixt’ 2F 20| X & =|0]of ot mHd A2 ofzlje}t Z3.
1. GAPIT format 2. TASSEL format
Taxa Phenol Pheno? %’é%" <Trait> | Phenol Pheno?2 §§§

1 10,8 30.1 1 10.8 30,1
2 8.7 277 2 8.7 27.7
3 10,3 27.1 3 10.3 27.1
4 8.4 28.2 4 5.4 28.2
5 8 28.7 o) 8 28.7
4] 13.2 27.6 B 13.2 27.6
7 9.6 NaM 7 9.6 MA
8 0.3 21 8 6.5 21
g g 26.8 g9 g 26.8
10 8.4 28.2 10 8.4 28.2
11 8.2 24.6 11 8.2 24.6
12 0.5 217 12 5.5 27.7
13 NaM 24.8 13 MA 24.8
HEE  g@IEU 45Y g@EU

* 9| 223} ZHo] GAPIT2t TASSELS| ZW 2 Aol AIstLE Missing datal| H7|Lt 13, 12| EA| W ol xjo|7t AUS.
* TASSELOIM Missing data= ¢-999’ £ ‘NA'E H7| 7H5E.
*DEHAEL Tab (\t) 22 7 £ 0{0FE.

22
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GWAS 0| 5] cijo| Ef BI0TO !

Q ol x| HIolE|{= GAPITO| A X|S5t= ¥= HIO|E| = T

= | GAPIT_Tutorial_Data — O X
= =7 27 ®
.J & 4 = x iIl T_j#s%' \Zl o 27|~ Hes o=
o — i WE HE - (A= 1% o o
27| ol =4 AFH 0E A =4
2] A+ Yxl- - HEF =G . lpolasy iU 2%
SEELC 4 ME BHS7| 27| =
<« v > WPC » £E (D) » 0C0O.EEJE » GAPIT » GAPIT_Tutorial_Data v
A os B +ET 2R 2%
4 4 Copy of Q_First_Three_Principal_Components.txt 2011 2% 10:00 EditPlus
4 Input_Matrix_for_GS_Heat_Map.txt 2011 273 351 EditPlus
& KSN.bxt 2011 @ 9:56 EditPlus
4 mdp_genotype_chri hmp.txt 2011 2% 418 EditPlus
4. mdp_genctype_chr2. hmp.txt 2011-09-02 2% 419 EditPlus
4. mdp_genotype_chr3.hmp.tst 2011-09-02 2 EditPlus
4. mdp_genotype_chrd hmp.tt 2011-09-02 2% EditPlus
4 mdp_genotype_chr5.hmp.tt 2011-09-02 2% EditPlus
g 4 mdp_genotype_chr6.hmp.txt 2011-09-02 2% EditPlus
4| mdp_genotype_chr7.hmp.txt 2011-09-02 2% EditPlus
= 4| mdp_genotype_chr8.hmp.txt 2011-09-02 2% EditPlus
4| mdp_genotype_chrd.hmp.txt 2011-09-02 2 EditPlus
£ 4 mdp_genctype_chr10.hmp.txt 2011-09-02 2% EditPlus
| I 4. mdp_genotype test hmp.txt 2011-04-28 2 EditPlus
i 4. mdp_numeric txt 201 2= EditPlus
T 4. mdp_numerict.txt 201 o= EditPlus
_ 4. mdp_numeric2.txt 201 es EditPlus
" 4. mdp_numeric3.tet 201 2 EditFlus
“ 4 mdp_SNP_information.txt oF EditPlus
i 4 mdp_SNP_information1.txt 2-08 oA EditPlus
- 4 mdp_SMP_information2.txt 2012-06-14 2 EditPlus
- 4 mdp_SNP_information3.txt 2012-06-14 27 EditPlus
a & mdp_traits.txt 2011-05-20 25 EditPlus
: 4 mdp_traits_validation.readme.txt 2014-11-09 2% EditPlus
B 4 mdp_traits_validation.txt 2014-11-09 25 EditPlus
. & xvbat 2012-06-19 2% EditPlus
v
W70 TS 17 TS {HT 2.66MB = 23




1. GAPIT 3 2! Xty BioTok:

Q VCF Aol hapmap It HEt

= 10| : GATK T2 O £ Variants table 4

gatk VariantsToTable -V <vcf IO}®> -R <reference M¥> -F CHROM -F POS -F REF —-F ALT -GF GT -0
<output.table>

H¥HZHO 1: gatk VariantsToTable -V combined_flt_snps.PASS.vcf -R reference.fa —-F CHROM —F POS
-F REF -F ALT -GF GT -0 combined_f1t_snps.PASS.vcf.table

= 2CHA|: R package %] (“optparse”) - 2%t Z 0] X3

> R # R command &3

> install.packages(“optparse”) # Package HX| (=222 ALE 7ts? 8R)
> install.packages(“optparse_1.7.3.tar.gz”, repos=NULL) # Package &X| (HML, 2Z=2}Qlo| F2)
> library(“optparse”) # X = package 27|

> quit() # R command &=

= 3EtA : Variants table € hapmap LY = HE

Rscript convert-vcf-to-hapmap.R —i <output.table> -0 <vcf_converted_to_hapmap.txt>

M¥HHO| 2: Rscript convert-vcf-to-hapmap.R —i combined_f1lt_snps.PASS.vcf.table -o
vcf_converted_to_hapmap. txt 24

R A3 E £X: https://github.com/wenkaiyan-kevin/vcf-to-hapmap
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2. GAPIT IjZ| A BI0TO K

Q GAPIT 2M 0| L%t 7|2 R package

= Ij7|X| 2|AE

“gplots”, “Ldheatmap”, “genetics”, “ape”, “bigmemory”, “EMMREML”, “scatterplot3d”, “1lme4”,
“rgl”, “multtest”, “BiocManager”, “snpStats”

= R package d%| (http://zzlab.net/GAPIT/GAPIT.library.R I}e %)

if(!'require(gplots)) install.packages("gplots")
if(!'require(LDheatmap)) install.packages("LDheatmap")
if(!'require(genetics)) install.packages('genetics")
if(!'require(ape)) install.packages("ape")
if(!'require(compiler)) install.packages("compiler")
if(!'require(grid)) install.packages("grid")
if(!'require(bigmemory)) install.packages('"bigmemory")
if(!'require(EMMREML)) install.packages("EMMREML")
if(!require(scatterplot3d)) install.packages('"scatterplot3d")
if(!'require(lme4)) install.packages("1lme4")
if(!'require(rgl)) install.packages("rgl")

if(!'multtest'sin% installed.packages()[,"Package"]1){
if (!requireNamespace('"BiocManager", quietly = TRUE))
install.packages('"BiocManager")
BiocManager::install("multtest")
BiocManager::install("snpStats")



http://zzlab.net/GAPIT/GAPIT.library.R

(F)He| 2% )

2. GAPIT IjZ| A BI0TO K

Q GAPIT 2M 0| L%t 7|2 R package

= Rpackage &%| (& &X| - H2Y, 2zatol Ao dX[g of L)

setwd("dir") # downloaded_package 0 ZAZ =0l & Q=
getwd() # H&E F= =0l
pkPath <- getwd() # 2EE& H4Ho| NHA

-

FileName = list.files() # HAXE ZH=E L O Z|AE

# package $£&2= HX[s17| R studio 232 E Zof| 24t At
setwd("dir") # downloaded_package EH Z2=z=z HZ
for(i in range(2)){ G T T H o wamy
. . pkpath <- getwd() # 225 H+E !
for(j in 1:1length(FileName)){
pkName <— paste(kaath,"/",FileName[j], Sep:"") FileWame = Tist.files() # €3 EH 2= H W 2~ E

install.packages( # package +==2 2 £ Il 52

pkName, for(i in range(2)){
repos = NULL, for(j in 1:]ength-£F"|'IeNamﬁj_E{ .
. _ pkMame =- paste(pkprath,”/",FileMame[j], sep="")
) pkname,
} repos=~NULL,
} dependencies = FALSE

]
A

26




2. GAPIT Ij7| x|

(F)He| 2% )

SloTOk:

Q GAPITO|| 223t Function 22{27]
= HH 1: Zhiwu Zhang Lab #0|M GAPIT source 7t 27|

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

2o 7| X|= ¢ 12| BHOS Sl 24X E.

- GAPITO| 2R3t Cig
- RO HH XjO| 2 LR I |X|= £5 Mx[7} LRt
)

OlAl) install.packages("1lme4"
install.packages("statmode")

HHH 2. GitHub 0lM GAPIT source 7}X 27|

install.packages("devtools")

devtools::install_github("jiabowang/GAPIT3", force=TRUE)

library(GAPIT3)

Ui 3. [ 2 E IHA 0| M GAPIT source 71X 27|

e

source(“OEZ2/0tAF")

27
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2. GAPIT IjZ| A BI0TO K

O GAPITO| ot

Function 22| 27|
= WH 1K= 28 Sl function £ E2{2H 23 Hoj| Lt 3 22 function 0] T E HE gHele + AS.

Environment  History Connections  Tutorial = ]
Tl # Import Dataset ~ @ 3TMmE + | & List = -
R = | "k Global Environment =
Functions -
Blink Large function ( 574.4 kB)
Blink.BICselection function (¥, Psort = WULL, CV = NULL, GD = NULL, orientation = NULL, BIC.method = "even"
Blink. cor function (¥, GD, w = NULL, orientation = "row”, ms = ms, n =ny, m = nm)
Blink.LDRemove function (GDneo = NULL, LD = 0.7, Porder = NULL, bound = FALSE, model = "A", orientation = "row”, bl.
Blink.LDRemoveslock function (GDneo = NULL, LD = NULL, Porder = NULL, bound = FALSE, model = "A", orientation = NULL)
Blink.Lm function (y, w = NULL, GDP, orientation = "col")
Blink.Pred function (GD = NWULL, Y = NULL, CV = NULL, orientation = "col"™)
Blink.ptor function (p, df)
Blink.rtop function {r, df)
B1ink.suUB function (GM = NULL, GLM = NULL, QTN = NULL, method = "mean”, useapply = TRUE, model = "A", no.cv = ..
circle.plot function (myr, type = "1", x = nuLL, Tty =1, lwd =1, col = "black”, add = TRUE, n.point = 1000)
pensitplot function (map, col = c("darkblue”, "white”, "red"), main = "SNP Density”, bin = le+0D6, band = 3, wid..
emma. delta.ML. dLL.w. 2 function (logdelta, lambda, etas.1, xi.1, n, etas.2.sq)
emma. delta.ML.dLL.wo.Z function (logdelta, lambda, etas, xi)
emma. delta.ML.LL.W.Z function (logdelta, lambda, etas.1, xi.1, n, etas.2.sq)
emma. delta.ML.LL. wo. 2 function (logdelta, lambda, etas, xi)
emma. delta. REML. dLL.w.Z function (logdelta, lambda, etas.1, n, tl, etas.2.sq)
emma. delta. REML. dLL.wO.Z function (logdelta, lambda, etas)
emma. delta. REML.LL.W.Z function (logdelta, lambda, etas.1l, n, t, etas.2.sq)
emma. delta. REML.LL.w0.Z function (logdelta, lambda, etas)
emma. eigen.L function (z, K, complete = TRUE)
emma.eigen.L.w.Z function (Z, K, complete = TRUE)
emma.ejgen.L.wo.Z function (K}
emma. eigen.r function (z, K, X, complete = TRUE)
emma. eigen.R.w.2Z function (Z, K, X, complete = TRUE)
emma. ejgen.R.wo.Z function (K, X)
emma. kinship function (snps, method = "additiwve”, use = "all"™)
emma.ML. LRT function (ys, xs, K, Z = NULL, X0 = NULL, ngrids = 100, 11im = -10, ulim = 10, esp = 1le-10, ponly =
emma. MLE function (y, X, K, Z = NULL, ngrids = 100, 11im = -10, ulim = 10, esp = le-10, eig.L = NULL, eig.R =.
emma. REML. T function (ys, xs, K, Z = NULL, X0 = NULL, ngrids = 100, 11im = -10, ulim = 10, esp = le-10, ponly = .. -

28
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3. GAPIT &i¥#8 BlIOTOK:

O GAPIT I} @i

= 10 : GAPIT A3 A2 MH

setwd(“ZEEHER")
x ZEZAZ: GAPIT Z1} mMU0| NALE= Z0 X

= 2CHA|: GAPIT 93 H|O|E| E2{27]

myY <- read.table(“mdp_traits.txt”, head=TRUE) # 9 o o8
myG <- read.table(“mdp_genotype_test.hmp.txt”, head=FALSE) # S8d oI 2¢H
= 3THA : Y E Hlo]E &l
View(myY)
View(myG)
Q7] Untitled1* myY myG Q'] Untitled1* myY myG
Filter Filter Caols: € < 1-50 b

“ Taua EarHT dpaoll EarDia “ V2 V3 V4 V5 Ve VT va va V10 Vi1 viz Vi3 Vid
1 &8N 58.50 Mah Mah 1 rs glleles | chrom | pos strand | assembly «center | protlSID | assaylSID | pane OCcode  33-16 35-11 4226
2 422& 65.50 9.5 | 3221933 2 | PZB005859.1 ASC 1 157104 + AGP Panzea maize282 CC CC o
3| 4722 8113 7.5 3242100 3 | PZAD127T14 C/G 1 15947984 + AGPv1 Panzea maize282 CC GG L
4 33-18 473 8d.5 MaM 4 PZAD3613.2 GT 1 2814066 + AGP Panzea maize282 GG GG G
5| 38-11 592,25 655  37.59700 5 | PZAD3613.1 AT 1 2814171 + AGP Panzea maize282 T T T 29
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3. GAPIT &i¥#8 BlIOTOK:

O GAPIT A&

- GAPIT 413513 of2f 2& &0l of2let 20| FHE.

| | ll:l_l‘jﬂ : GAPIT no:leé,:lo'l Z!.*o-' (GLM) Console  Terminal Background Jobs
N - R R363 . d/00.Z 2 1T/GAPIT/
myGAPIT <- GAPIT( Rstudio 23 E ¥l Z-det A > MyGAPIT <- GAPIT(
r + r=myY,
Y=myY, MyGAPIT <- GAPIT( N G=m;G.
G=myG, :;r:m'f:! + PCa.total=3,
=My, +  model="GLM"
PCA.total=3, Pc;totm =3, +)
mode l=“GLM" model="gLM" EH ol welcome TO GAPIT -------------—------o-oooe-
) ) 1] "= Processing trajts--------—--—————— -
[1] "Phenotype provided!”
[1] "The 1 model in all.™
[1] "GLM"
[1] "GAPIT.DP in process..."”
« model S ¢&Hs}X| A=A _?_’ default 2l MLMQ = AlSHEl [1] "Converting genotype..."
[1] "Converting HapMap format to numerical under model of Middle”
[1] "perform numericalization”
« model 0'“ GLM M, MLMM, BL'NK CMLM ECMLM, [1] "succesfuly finished converting HapMap which has bits of 2"
[1] "converting genotype done."”
ISt E I:il° AJEHS olgist A [1] "GAPIT will filter marker with MAF setting !!'"
FarmCPU’ SUPE EI‘ '_|. °7'"E ';l I‘O:I a=T [1] "The markers will be filtered by SNP.MAF:QG"
ol maf_index
ME TRUE
3093
[1] "calculating kinship..."
[1] "wNumber of individuals and swps are 281 and 30937
[1] "calculating ZHANG relationship defined by zhiwu zhang..."
[1] "substracting mean..."
= 2CHA|: GAPIT 28 [1] "cetting x'x..."
[1] "adjusting..."”
[1] "adjustment by the minimum diagonal”
o Iﬂl'gﬂ GAPIT %:'Ego'l ?_"*‘II EEH: =4 CTRL + ENTER [1] "calculating kinship with zhang method: done”
[1] "kinship calculated”
[1] "creating heat map for kinship...”
[1] "kinship heat map created”
[1] "adding IDs to kinship..."

30




3. GAPIT Alst

GIHto| o8 |

SloTOk:

QO Chekot SA| 2E= GAPIT 43 HHO]

= GLM
myGAPIT <- GAPIT( R studio A3 R E &0l X3t 23
Y=myY, MyGAPIT <- GAPIT(
G=myG, IS
- =My,
zgg‘e{EEZEME ’ PCA. total=3,

)

mode]l="GLM"

= MLM
myGAPIT <— GAPIT( R studio ASEIE &oj A3 2}
Y=myY, MyGAPIT <- GAPIT(
- =My,
G=myG, s

PCA.total=3
)

PCA. total=3

= CMLM
myGAPIT <— GAPIT( R studio 23 E #of| ZHd%t ZHnt
Y=myY, MyGAPIT <- GAPIT(
G=myG, Y=my'Y,
PCA.total=3, Ezzh’i;tﬂ .
E%nsﬂ}p'CIUStErzﬁ( avErage o complete", "ward"), kinﬂﬁp.fh@ter=cfﬁvawme“,”comMete"."warWﬁ,
13511p&ﬁ[§Up-C( Mean", "Max"), kinship.group=c("Mean", "max"),
mo e =|| 1]

)

model="cMmLm"

31



(FHfo| o8}

4. GAPIT Zz} =lol BlO0TO k!

0 GWAS &di0| 2t=&|™ ofzljet 20| A} mp o] 4.

= AmA2 ofM 4o EC 9 |0l XM EE.

JE - SEB 2T
GAPIT.Genotype.Distance_R_Chro. pdf 2023-07-05 2% 217
!@ GAPIT.Genotype.Distance.Rsquare.csy 2023-07-05 2% 217
@ GAPIT Association.Vairance_markers.GLM.EarDia.csv 2023-07-05 2% 218
B3] GAPIT.Association.Vairance_markers.GLM.dpoll.csv 2023-07-05 2% 2118
GAFIT Association.Significant_SMPs.GLM.EarDia.pdf 2023-07-05 2% 2118
GAPIT Association. QQs_Tracks. pdf 2023-07-05 2% 218
GAPIT.Association.QQs_Symphysic.pdf 2023-07-05 2= 2118
GAPIT Association.QQ.GLM . EarHT pdf 2023-07-05 2% 217
GAPIT.Association.QQ.GLM.EarDia. pdf 2023-07-05 2% 218 QQ plOt
GAPIT.Asseciation.QQ.GLM.dpoll.pdf 2023-07-05 2% 2118
E@ GAPIT Association PVE.GLM EarDia.csv 2023-07-05 2% 2118
E34) GAPIT.Association. PVE.GLM.dpoll.csv 2023-07-05 2% 2118
E@ GAPIT Association.Prediction_results. GLM EarHT csv 2023-07-05 2% 217
!@ GAPIT Association.Prediction_results.GLM.EarDia.csv 2023-07-05 2= 218
E34) GAPIT.Association.Prediction_results.GLM.dpoll.csv 2023-07-05 2% 2118
GAPIT Association.Optimum.GLM.EarHT. pdf 2023-07-05 2% 217
GAPIT Association.Optimum.GLM.EarDia.pdf 2023-07-05 2% 2118
GAPIT Association. Optimum.GLM. dpell_pdf 2023-07-05 2% 218
GAFIT Association.Manhattans_Wide pdf 2023-07-05 2% 2118
@ GAPIT Association.Manhattans_Symphysic_Traitsnames.csv 2023-07-05 2% 218
GAFIT Association.Manhattans_Symphysic_Legend.pdf 2023-07-05 2% 218
GAPIT Association.Manhattans_Symphysic.pdf 2023-07-05 2% 2118
GAPIT Association.Manhattans_High.pdf 2023-07-05 2% 2118
GAFIT.Association.Manhattans_Circular.pdf 2023-07-05 2% 2118
GAPIT Association.Manhattan_Geno GLM.EarHT pdf 2023-07-05 2% 217
GAPIT.Association.Manhattan_Geno.GLM EarDia.pdf 2023-07-05 2= 272 || Manhattan plot 32
GAPIT Association.Manhattan_Geno GLM.dpoll pdf 2023-07-05 2% 218
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