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Genome Wide Association Study

Genotyping Phenotyping
* Goal: find connections between: SR A

» A phenotype: plant height, disease resistance, ..., trait known to be ;¢ S B
heritable. K EE kA T R

» Whole-genome DNA markers jf

* Specific goals are distinct:

Accesstions

1. Identify statistical connections between points (or areas) in the i HIF cwas analysis
genome and the phenotype /

e Drive hypotheses for biological studies of specific -
genes/regions in specific context 5 » |
2. Generate insights on genetic architecture of phenotype : “M“Mlﬂ&iﬂmjﬂﬁﬂ
* Many small genetic effects dispersed across the genome? S SR '“Cr: B T
* Few large effects concentrated in one area?
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Population required for GWAS
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QTL mapping vs GWAS

At the fundamental level, genetic association and linkage GWAS Linear Model Fit with Corrected Regression Line
. .. . . . B =1.5(p=0.000), R2=0.72
analysis rely on similar principles and assumptions :
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e Both rely on the co-inheritance of adjacent DNA
variants, SHORT-RANGE LINKAGE DISEQUILIBRIUM
(LD)
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* Linkage mapping: recently generated LONG-RANGE .
LD by identifying haplotypes that are inherited intact ook

over generations in families or pedigrees of known SNP Genotype
ancestry

e Association mapping: historical SHORT-RANGE LD,
from the retention of adjacent DNA variants over
many generations

* Association studies can be regarded as very large
linkage studies of unobserved, hypothetical pedigree

SNP Genotype



Brief introduction of LD
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Tools used for GWAS
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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
polvmorphism; however, in some species (like maize), this is the most common type of polymorphism.

Read more at:
Bradbury PJ, Zhang Z, Kroon DE, Casstevens TM, Ramdoss Y, Buckler ES. (2007) TASSEL: Software for

https://www.maizegenetics.net/tassel



https://www.maizegenetics.net/tassel

§ What can TASSEL do?

Genotype and phenotype data editing Genotyping-by-sequencing (GBS)
* File conversion (e.g., hapmap, VCF, Plink) pipeline
» Merging, sorting, filtering GBS v2 pipeline
* Phenotype transformation « UNEAK

Data imputation

e LD KNNiI
Genetic analysis * Numerical
. Diversity + FILLIN, FSFHAP Pan-genome
analysis
* Relatedness
e PanA
 Genotype/phenotype
association
« GWAS

e Genomic selection



Installation Homepage: software download & other information

https://www.maizegenetics.net/tassel

(&} @ bitbucket.org/tasseladmin/tassel-5-source/wiki/Home

$ Tassel 5 Source TASSELAdmin / TASSEL / Tassel 5 Source
Wiki
<> Source
Tassel 5 Source / Home
{’ Commits
i ottine Started!
TASSEL Version 5.0 (G- I.Img Started!) Alignment Viewer f9  Branches TASSEL 5
(Build: February 22, 2025 Requires: Java 1.8)
TN T T T T S —— e f9  Pull requests
e e — 1o TASSEL project is a Java platform designed for the optimized analysis of crop genomic diversity.
Tassel 5 Mac OS ¢ Pipelines
Tassel 5 W%ndows 64 B@t User Documentation
Tassel 5 Windows 32 Bit Deployments
Tassel 5 UNIX * Reporting Tassel 5 Issues

* Tassel 5 User Manual

Wiki * Getting Started with rTASSEL

TASSEL Version 5.0 Standalone

&P
© Jiraissues
8

(GBS Pipeline V2 - Preferred Version) &

Downloads * R front-end for TASSEL (rtassel)

* Tassel 5 GBS v2 Pipeline

Resources
Wiki: User manual & software information

Using Git - Recommended!
Download ("Tags" are Versions)

Archived Versions of TASSEL

TASSEL Documentation . . -
https://bitbucket.org/tasseladmin/tassel-5-source/wiki/Home

Tassel 5.0 User's Guide

R front-end for TASSEL (rtassel)
Tassel 5.0 Youtube Tutorials

Tassel Tutorial Data

GBSv2 Test Data _tar .zip

GBS Test Data

Visit Tassel User Group

Tassel 5.0 Change History

Tassel 5.0 Wiki

GNU I esser General Public License

User manual

https://bitbucket.org/tasseladmin/tassel-5-source/wiki/UserManual
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Genotype file format

Hapmap e Common output format from genotyping
VCF e Commoninput formatrequired by
Plink e.g., database, imputation software
Flapjack
Hapmap (haplotype map)
11 columns
( A \ Individual 1, 2 ...
1 rs# alleies chrom pos strand assembly# center protLSID as5s3ayLSID panelLSID QCcode Parental 1
2 44509 A/G 0z 5565755 + N&A NA NA NA NA NA AG AR AL AR
3 38019 G/A 0z 43878360 + NA NA NA NA NA NA GG (£ GG (e8]
4 89440 T/C 04 25220824 + NA NA NA NA NA NA TC TT NN TT
t N
SNPID REF/ALT
XxX.hmp.txt

Can be viewed with NotePad++



Genotype file type - VCF

Meta-
information
line

Header line
Data lines

— ##fileformat=VCFv4.0

$#fileDate=20160306

f#source="Stacks vi.37"
F#INFO=<ID=NS, Number=1, Type=Integer, Description="Number of Samples With Data":>
= ¥ #INFO=<ID=AF, Number=., Type=Float,Description="Allele Frequency">
##FORMAT=<ID=GT, Number=1, Type=String, Description="Genotype">

##FORMAT=<ID=DF, Number=1, Type=Integer,Description="Read Depth":>

##FORMAT=<ID=AD, Number=1, Type=Integer,Description="Allele Depth">

— ##FORMAT=<ID=GL, Number=., Type=Float,Description="Genotype Likelihcod">

#CHROM FOE ID EEF ATLT QUAT FILTEE TNFQ FOEMAT arentca
Chr02 55685755 44509 iy [ . PASS . GT:DF:AD:GL D!l:SL:ZS,
xxx.vcf

Can be viewed with NotePad++
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B TassEL {Trait Analysis by aSSociation, Evolution, and Linkage) 5.2.68

Help

Fie| Data Impute Filter Analysis Results GBSv2 GBS Workflow PHG

& Open As...

I Delete Dataset

B Preferences

[+ Show Parameter Cache

[

Exit

Step 1. Openfile in a supported format, e.g., hmp.txt

Step 2. Save an opened file in another supported format, e.g., .vcf

VCF

Hapmap




Samples / Taxa

Filtering Genotype Tables
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T:T

® G
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nxp matrix
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.CGTACCGTAGCGTCG .

.CATACCGTAGCCTCG .
.CATACCGTAGCCTCG .

.CATACCGTAGCGTCG .

.CGTATCGT-GCGTCA.
.CGTATCGT-GCGTCA.

.CGTACCGTTGCGTCA .
.CGTACCGTTGCGTCA .

File Data Impute(|Filter) Analysis Results GBSv2

GBS Workflow PHG

I Data P Filter Genotype Table Sites
¢ [JSequence | Y Filter Genotype Table Taxa
o—> () IWE_C3 ¢ P Traits
[} Result — -
Not Recommended

Y sites

Y site Names

P= Taxa

SaTATIv

Physical Position

Variant Index

Major
Minor
. Heterozygous

Unknown

® Site Numbers () Locus O Site Name ) Alleles

Ul

Number of taxa: 451
Number of sites: 10299

Chromosomes...

1. 502 sites:
0 (3494654) - 501 (504030059)

12: 580 sites:
502 (627112) - 1081 (432690096)

3: 363 sites:
1082 (2940468) - 1444 (513591594)

4: 431 sites:
1445 (989947) - 1875 (266676653)

5. 309 sites:
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Filtering using allelic frequency

Samples [ Taxa

Major
Minor
Total
Major freq.

Minor freq.
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[£| TASSEL (Trait Analysis by aSSociation, Fvolution, and Linkage) 5.2.96

File Data !mpute'm| Analysis Results GBSv2 GBS Workflow PHG

Filter Genotype Table Taxa

-7 Data $ Filter Genotype Table Sites
¢ [ Sequence .
[ we_c3_g P Traits
D Resul Not Recommended
Y Ssites
Y Site Names
Pp= Taxa

[File Data |mpute Fiter Analysis Resuits GBSvz 6BS Workflow PHG

[ Data
% [ Sequence

® site Numbers O Locus () Site Name O Alleles MajorMinorAliele he

) IWG_C3_geno_TASSEL 4
D) Resurt U

1029 2058 3087
EEIC I I I N I

I Filter Genotype Table Sites | Help
I

SIS NI IC I IS SN

Site Min Allele Freq (0.3

Site Max Allele Freq |1.0

NUMBEr of taxa: 451

=] HO235
Number of sites. 10299 |

HO235

]| __| Remove Minor SNP States.

Samples f Taxa

Major
Minor
Total
Major freq.

Miner freg.

e:2

G:G

AA

AA
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Filtering using allelic frequency

Samples [ Taxa

Major
Minor
Total
Major freq.

Minor freq.
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File Data Impute |

[£| TASSEL (Trait Analysis by aSSociation, Fvolution, and Linkage) 5.2.96

Filter | Analysis Results GBSv2 GBS Workflow PHG

7] Data
¢ [ Sequence

— ) IWe_C3_¢

ﬁ Filter Genotype Table Sites]
? Filter Genotype Table Taxa

T Traits

[ Result
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Y Ssites

Y Site Names

Pp= Taxa
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[ Data
% [ Sequence
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D) Resurt

[File Data |mpute Fiter Analysis Resuits GBSvz 6BS Workflow PHG

® Site Numbers () Locus

) Site Name ( Alleles MajorMinorAliele he

4

o 1029 2058 3087

4116 5145

EEIC I I I N I

I Filter Genotype Table Sites | Help

4
SIS NI IC I IS SN

x

Site Min Allele Freq |0.2

Site Max Allele Freq |0.2

- .

= H0233

Number of taxa: 451
Number of sites. 10299

m HO234 1 Max Heterozygous Proportion 10
e | H0235
HO236 ] Remove Minor SNP States

Samples / Taxa

Major
Minor
Total
Major freq.

Minor freg.

1:5

C:C

C:C

C:C

18
2.8

e
T =
A:A G:G
A:A C:C
o 8
NA G:G
T:T G:G
(] 7
- 3
8 18
0.7 8.7
8.25 a.3

53E35 I[I[IV



Filtering using NA data

Samples [ Taxa
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Minor
Total
Major freq.

Minor freq.
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[£| TASSEL (Trait Analysis by aSSociation, Fvolution, and Linkage) 5.2.96

File Data Impute |

[hr[gnatysis Results GBSv2 GBS Workflow PHG
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[ Result

? Filter Genotype Table Sites ]
? Filter Genotype Table Taxa
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Pp= Taxa

Samples / Taxa

[File Data |mpute Fiter Analysis Resuits GBSvz 6BS Workflow PHG
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——
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5
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__| Remove Minor SNP States.
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Filtering using heterozygosity frequency

Samples / Taxa
® O o
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Minor
Total
Major freq.

Minor freq.
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Number of taxa: 45

51
Number of sites: 10299
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[ Result A
vl neCommended
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Pp= Taxa
File Data |mpute Fiter Analysis Results GBSv2 GBS Workflow PHG
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) WG_C3_geno_TASSEL 4
) Resur . L
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Relatedness Analysis

A. Create a kinship matrix object

File Data Impute Filter | Ana

| £, TASSEL (Trait Analysis by aSSociation, Evolution, and Linkage) 5.2.96
is | Results GBSv2 GBS Workflow PHG

] Data

4

SE

¢ [=J Numerical

'Relatedness » ™= Distance Matrix
[ WG_C3_Q_matri{ agsociation »

‘ 'i' Kinship |

[} wG_c3_pheno_for_tassel
¢ [ Sequence

n__.D IWG_C3_geno_TASSEL

Y Result

Y Create Tree

>® Merge Trees

? Subset Tree
Remove Tree Branch Lengths
Convert Tree Names

A Pedigree Relationship Matrix

H Combined A and G Relationship Matrix

i MDS

@ Site Numbers ) Locus  Site

Number of taxa: 451
Number of sites: 10299

Chromosomes...

i PCA
Remove NaN From Distance Matrix
Subtract Distance Matrix
Add Distance Matrix
Taxa Identity Recognition
r E H0238
14 - H0239

0000000006 oo 5123: 267269056
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Taxa H0225 H0226 H0227 H0228
H0225 0.87 0.176 0.114 0.117
H0226 0.176 0.914 0.359 0.128
H0227 0.114 0.359 0.861 0.086
H0228 0117 0.128 0.086 0.841




Relatedness Analysis

B. Create a distance matrix

[File Data Impute Filter | Ana

] Data

4

| £, TASSEL (Trait Analysis by aSSociation, Evolution, and Linkage) 5.2.96
Analysis | Results GBSv2 GBS Workflow PHG
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W Create Tree

>® Merge Trees

? Subset Tree
Remove Tree Branch Lengths
Convert Tree Names

A Pedigree Relationship Matrix
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H0228 0.301 0.288 0.295 0




Plotting phylogenetic trees
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Relatedness Analysis
Plotting PCA

|| TASSEL (Trait Analysis, SSociation, Evolution, and Linkage) 5.2.96

File Data Impute Fi

Results GBSv2 GBS Workflow PHG

|£,| TASSEL (Trait Analysis by aSSociation, Evolution, and Linkage) 5.2.96

File Data Impute Filter Analysis

GBSv2 GBS Workflow PHG

g I Data EH Table : Taxa PC1 PC2
—]Data » 2] | @ Site Numbers ) La ¢ [ matrix WY Archaeopteryx Tree |Ho225 7912 8.104
. . - Centered IBS IWG C3 . H0226 6.343 2967
¥ Ij 'Egtr(l: BS W m s EM:::::V(; C3_gen; T;gzr:i mcn [Ho227 5508 3198
entered_IBS_IW| association »| "&* Kinship e art [Ho228 4728 -0.212
fat ¢ =3 Numerical B
s QQ Plot H0229 5552 7374
[} MatrixIwG_C3_geno_ W Create Tree NEIREERRERE [ wG_c3_a_matrix_structure Lf Manhattan Plot [Ho230 7517 -3.669
[ MatrixIWG_C3_geno_TASSEL o . : g g 2 § E E [ WG_C3_pheno_for_tassel L [H0232 3.978 3.057
¢ £ Numerical RS ) Pe_we_c3_geno_TasseL [Fozad Y T
D IWG C3 Q trix structure k2 ? Subset Tree = I8l Sl [} Eigenvalues_IWG_C3_geno_TASSEL §H0235 1508 5777
wnipmaii e Remove Tree Branch Lengths s o e e o e e [ Eigenvectors_IWG_C3_geno_TASSEL |H0236 10.411 1.652
D IWG_C3_pheno_for_tassel i e ?‘. E S 8 a g 9 [J Sequence |H0238 2927 -1.466
¢ [ Sequence - )
¢ ] Tree H Combined A and G Relationship Matrix A ———
iraph Type: XYScatter IVI l Save Properties
D Tree:lWG_C3_geno_TASSEL 2 MDS EAUPLIbCS
D Result = PCA PCA | Help Y1 |PC2 w | Y2 None -
2N f
Remove NaN F [v] covariance (alternative = correlation) X PC1 4 = D Line E] Regression E] 2Y Axes
__________________________________________________________________________________________________________________ Subtract Dista PC1 vs. PC2
Number of taxa: 451 Add Distance | number of components |5 10 |
Number of sites: 10299 Taxa Identity F minimum eigenvalue
5 i
Chromosomes... -
[v] Return Eigenvalues 8 0 nd
a
[¥] Return Eigenvectors 5 -
B—bi ok || cancel || pefauts || usermanual -10 |




Relatedness Analysis

Plotting MDA

| £| TASSEL (Trait Analysis by aSSociation, Evolution, and Linkage) 5.2.96

@ TASSEL (Trait Analysis by aSSociation, Evolution, and Linkage) 5.2.96

File Data Impute Fitter [Analysis| Results GBSv2 GBS Workflow PHG File Data Impute Fiter Analysis GBSv2 GBS Workflow PHG
S 2 ' JData EH Table BE Taxa PC1 PC2
—JData . Diversity  » | — 2] Taaa | Ho225 HOZ o o matix \Y Archaeopteryx Tree |Ho225 0.064 0.069
¢ (=] Matrix == Distance Matrix L [ centered_iBS_IWG_C3_gen{ % LD Plot |H0226 -0.05 0.023
) Centered_BS_W| pssociation »| ** Kinship — |, Do 2 gee visseiy e ) (B Joszs e -
MatrixIWG_C3_geno_ Y Create Tree ——— ¢ (@l Numerical Z qaPpiot |Ho229 0044 0.061
9 I Numerical et D) we_c3_a_matrix_structure) = |[H0230 0.059 0024
D " » Meroe Trees —| D IWG_C3_pheno_for_tassel ) 3 H0232 -0.031 0.024
IWG_C3_Q_matrix_structure_k2 Y Sikaat e | [} PC_IWG_C3_geno_TASSEL : H0233 0.025 0.056
[} wG_c3_pheno_for_tassel ' [} Eigenvalues_IWG_C3_geno_TASSEL |Ho234 0.029 0.044
Remove Tree Branch Lengths | g e S geno_ £|H0235 -0.012 0.022
[ Pc_IWG_C3_geno_TASSEL c sy = [} Eigenvectors_IWG_C3_gena_TASSEL “|Ho0238 -0.083 0.016
onvert Tree Names y
[} Eigenvalues_IWG_C3_geno_TAS{ _ = [} MDS_PCs_MalrixIWG_C3_geno_TASSEL" : ﬂgggg °‘§§§ g-ggg
D Eigenvectors_IWG_C3_geno_TAS A Pedigree Rolstionship Matrix | [3 DS _Eigenvalues_WalrixIWG_C3_geno_TASSEL [Ho240 0.013 0025
= - . o' > . e . L 9 []Sequence E : :
|Ho241 -0.043 0.026
¢ [ Sequence 1:1 Combined A and G Relationship Matrix . [) WG, C3_geno_TASSEL = L L
D IWG_C3_geno_TASSEL i MDS | eI Tree v | ‘|Ho243 0035 0.045
9 UTree = PCA | e HH0244 -0.051 0.042
N | -
[ TreeawG_C3_geno_TASSEL &) = B X
[} Result 5551 e Graph Type: XYScatter save | Properties ]
------------------------------------------------------------------------------------------------------------------------ f v1 |pc2 - vzluone Ivl
Table Title: Distance Matrix Number of Axes |5 x [Pct ¥| [June  [JRegression  []2YAxes
Number of columns: 452 PC1 vs. PC2
Number of rows: 451 .
Matrix size (excludes row headers): 203401 ] Remove NaNs oo . _:-', - ﬂf:- -
-. .1 hﬁi ‘ @
0.00 @ L] ]
g B f.. .-.tr ™ e
L] o
. . Ok Cancel Defaults User Manual G5 o pun® - |
Start from distance matrix B_’| I I I o r
-0.10 -.

010 -0.08 -0.06 -0.04 -0.02 0.00 0.2 004 0.06 0.8

PC1



Association Analysis
Checking normality of phenotypic traits

[£:] TASSEL (Trait Analysis by aSSociation, Evolution, and Linkage) 5.2.96

File Data Impute Filter Analysis [Results| GBSv2 6BS Workflow PHG

JData EH Table = Taxa SdArea_cm2| Hgt_cm
7 |j Matrix W Archaeopteryx Tree H0225 8.547 143.557
[ Centered_IBS_IWG_C3_gen{ "% LD Plot ;|H0226 7.667] 141.891
- “|H0227 6.76 140.224
[} matrixiwG_C3_geno_TASSE| e chart 28 7351 150224
¢ 3 Emenc&l [# aaPiot ‘|Ho229 7.417 143557
IWG_C3_Q_matrix_structure ; “{H0230 9.297 148.557

Manhattan Plot i
[} PC_IWG_C3_geno_TASSEL L4 _| ‘|H0232 65934] 151891
[ Eigenvalues_IWG_C3_geno_TASSEL :|H0233 7411] 106891
, :{H0234 8.557 121.891
[ Eigenvectors_IWG_C3_geno_TASSEL fH0235 783 148557
D MDS_PCs_MatrixIWG_C3_geno_TASSEL H0236 8.657 130.224
[ MDS_Eigenvalues_MatricIWG_C3_geno_TASSEL :|H0238 7474 146.891
|H0239 833 153557
IWG_C3_pheno_for_tassel

s - for. -[H0240 7.414)  136.891
equence | /[H0241 7.64 148.557
[ wG_c3_geno_TASSEL ‘[H0242 6.994|  151.891
¢ J Tree ~| :|H0243 8.294| 143557
__________________________________________________________________________________________________________________________________________________________________________________________________________________ HD244 5824 141891
Table Title: IWG_C3_pheno_for_tassel §§ H0246 9.114 143.557
Number of columns: 3 |H0247 6.36 125.224
Number of rows: 451 |H0248 6.48 101.891
Matrix size (excludes row headers): 902 -|H0250 7.26 151.866

(£ — m] X
Graph Type: |Iislogram I |
Series 1|SdArea_cm2 ies 2|None | v Bins [50
SdArea_cm2 Distribution
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(£ - | X
Graph Type: |Histogram |'|| Save I I
Series 1 Hgt_cm ries 2|None | » Bins [50
Hgt_cm Distribution
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Association Analysis

Genotype Summary

| TASSEL (Trait Analysis by aSSociation, Evolution, and Linkage) 5.2.96
File [Data| Impute Filter Analysis Results GBSv2 68§ Workflow

iE GetTaxa List SEL =
= Get Position List ;
? O 5 sort Taxa Alphabetically Hl:
ZE  sort Genotype File :
P-4 Synonymizer i
@ Intersect Join FL
@ Union Join fSLSEL
> Merge Genotype Tables )
geno_TASSEL T
=3 Separate
0 £ Homozygous Genotype
= Change Indels to Unknown
¢ O E SetLowDepthGenosToMissing
?+5 Transform Phenotype :
[ R 0..1 Numerical Genotype -
Num % ABH Genotype R T
Numl = Thin Sites by Position T
& Cluster Genotypes =
CN% W Mask Genotype -
1-50 2 Find Inversions
0 (34 G Create Hybrid Genotype
- Geno Summary
502 (627112) - 1081 (432690096)

n Highlight the genotype file

0 1

N>

N

- Q

-

N g

- e

-

og

N

R &

-l -

o |

H0225 6|1
H0226 I
H0227 I

H0228 G|

H0229 G

H0230 | |

H0232 [AK

H0233 G

H0234 G

H0235 [K

H0236 G

H0238 | |

H0239 G|

H0240 [k

H0241 G

H0242 6|1

H0243 | |

H0244 G|

H0246 G

Stat Type Value
Number of Taxa 451
Number of Sites 10299
Sites x Taxa 4 6448E6
Number Not Missing 4 6387EG
Proportion Not Missing 0.99867
Number Missing 6176
Proportion Missing 0.00133
Number Gametes 9.2897E6
Gametes Not Missing 9. 2773E6
Proportion Gametes Not Missing 0.99867
Gametes Missing 12352
Proportion Gametes Missing 0.00133
Number Heterozygous 1.6648E6
Proportion Heterozygous 0.35841
Average Minor Allele Frequency 0.23667

sraphType: |Histogram (v| save |

Se_l Minor Allele Frequency

| v series 2|None

Minor Allele Frequency Distribution
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Association Analysis

Calculating LD per Chromosome

| TASSEL (Trait Analysis by aSSociation, Evolution, and Linkage) 5.2.96 é‘ TASSEL (Trait Analysis by aSSociation, Evolution, and Linkage) 5.2.96
File [Data | Impute Filter Analysis Results GBSv2 GBS Workflow PHG File Data Impute Filter - Results GBSv2 GBS Workflow PHG
= GetTaxalist SEL =E [} Eigenvectors_Iw ~T, Diversity '
i£ Get Position List : [ . T
- = ) | |2 ‘ D MDS_PCs_Matrix| Relatedness » '.. Linkage Disequilibrium
% Sort Taxa Alphabetically : 0 1 [} MDS_Eigenvalued Association » [gers Tacect '
5F  Sort Genotype File : 0] - = |4/ Linkage Disequilibrium
) o= D IWG_C3_pheno_for_tassel
P-4 Synonymizer L § § ¢ (3 Sequence Select LD type: |Full Matrix
@ Intersect Join L b [y WG_C3_geno_TASSEL
@ Union Join L sSEL elg 0 - _ome; <_o Full LD with 125500 comparisons.
> Merge Genotype Table geno_ TASSEL L ii‘ o |__']Tree - Howtotre‘atl'leterozyows calls:
3 _Separate ] H0225 = [) Tree:WG_C3_geno_TASSEL . A —]
0 = Homozygous Genotype :ggg I HO225
E Change Indels to Unknown H0228 K e i
¢ O = SetLowDepthGenosToMissing H0229 6|1 4 > Run | Close |
745 Transform Phenotype : H0230 [ ]
[)R 0.1 Numerical Ge = H0232 G
——T 0.1 Numernica nowpe ...................................... = H0233 |G 1
...... B ABH Genotype e H02as <N
"™ = Thin sites by Position — H0235 61
£ Thin :
Num = : H0236 ¢[1
e & Cluster Genotypes = H0238 |-
¥ Mask Genotype L] H0239 G
1-50 2 Find Inversions :ggig Ig ::
0 (34 G Create Hybrid Genotypes H0242 K
_ Geno Summary : H0243 [ ]
2 58 : H0244 ' G|1
502 (627112) - 1081 (432690096) — <0

n Highlight the genotype file
NB: The option Separate will list files based on chromosomes. Then chr1 was retained for demonstration.



Association Analysis

Visualizing LD and LD decay of Chromosome 1

File Data Impute Filter Analysis

=) rai nalysis By a>>0ciation, tvolution, an: Inkage] 5.2.96

Results GBSv2 GBS Workflow PHG

D MDS_Eigenvalues_MatrixIW B Table | Locus1 Position1 Site1 NumberOf...| State
[} IWG_C3_pheno_for_tassel | ¥ Archaeopteryx Tree 1 ;gggfgg ; 3
¢ 7 Sequence LD Plot 1| 5082169 2 2
[} wG_c3_geno_TASSEL Wil chart | g 1 5105256 3 2
D chromosome_1 L# QQ Plot 1 5195256 3 2
¢ CTree " 1| 5195256 3 2

Wi Manhattan Plot | |

[} Treewe_c3_geno_TASSEL 1) 5431603 4 2
= Resut 1| 5431603 4 2
1| 5431603 4 2
#- (=] Genotype Summary 1| 5431603 a 2
[y wG_c3_geno_TASSEL_OverallSummary 1| 5648268 5 2
D IWG_C3_geno_TASSEL_AlleleSummary T 1 5543268[ 5 2
[} WG_c3_geno_TASSEL_SiteSummary 1 gg:gggg[ g g
D IWG_C3_geno_TASSEL_TaxaSummary 1 5648268 5 2
¢ LD | 1| 5669430 6 2
[y LD:chromosome_1 - 1| 5669430 6 2
---------------------------------------------------------------------------------- 1 5669430 6 2|
Table Title: Linkage Disequilibrium 1 5669430 6 2
Number of columns: 17 1 5669430 6 2
Number of rows: 125751 1 5669430 6 2

Graph Type: [XYScatter A—EE] { Save I Properties
¥1 [Re2 2 None v
X |Dist_bp v [ Line [] Regression []2YAxes
Dist_bp vs. R*2

OED 1E8

2E8 3E8
Dist_bp

m R~2

File Data Impute Filter Analysis

=) rait Analysis by a>>ociation, tvolution, an: mkage] 5.2.96

[} MDs_Eigenvalues_Matrixiw
[ wa_c3_pheno_for_tassel
¢ (=] Sequence
[} wa_c3_geno_TASSEL
D chromosome_1
¢ 3 Tree

=1 Result
¢ =3 Genotype Summary

D IWG_C3_geno_TASSEL_Alle

¢ CJLD
D LD:chromosome_1

[} Tree:wG_c3_geno_TASSEL

D IWG_C3_geno_TASSEL_OverallSummary

D IWG_C3_geno_TASSEL_SiteSummary
D IWG_C3_geno_TASSEL_TaxaSummary Select vi size

Results| GBSv2 GBS Workflow PHG

HE Table 4] Locus1 Position1 Site1 NumberOf... | State

"W Archaeopteryx Tree 1] 4065685 1 2

1| 5082169 2 2

LD Plot 1| 5082169 2 2

pll Chart 1| 5195256 3 2

[# aapiot 1] 5195256 3 2

" 1| 5195256 3 2

Wi Manhattan Plot | | 1 5431603 1 2

1| 5431603 4 2

1| 5431603 4 2

1| 5431603 4 2

1| 5648268 5 2

leSummary r 1| 5648268 5 2

1| 5648268 5 2

- . anmanl - ~

[Table Title: Linkage Disequilibrium
Number of columns: 17

Number of rows: 125751

- 1.00
a 2 0.90
0.30

. pr 0.70
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i ik 0.00

Upper triangle: |R Squared

4

Lower triangle: |P-Value

—
["] Lock Y Axis to X Schematic m Save All
Close
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R squared

P value

>0.01

<001

<0.001

<0.0001




Association Analysis
GWAS: file preparation

Hold Ctrl and left-click to select multiple input files

Data | Impute Filter Analysis Results GBSvZ? &GBS Workflow PHG
DEITEI File gata| Impute Filter Analysis EeLuﬂr.l .:ngsz &BS Workflow PHG @ S-It'E' H
¢ [ Matrix 0 = GetTaxalList BE
[} Centered_IBS_IWG_C2_geno_TASSH? § & GetpositonList
_ 5E  Sort Taxa Alphabetically SEL 4 036 1872
|j| MatrixIWG_C3_geno_TASSEL . j,Eq :ortGen@ypeFile E’:ﬁﬁ_m E m = E ﬂ ﬁ
. ~§  Synonymizer —
7 [ Numerical HEEREEESEE
[ IWG_C3_0_matrix_structure_k2 ® Union Jon - SRR RN E
> Merge Genolype Tables o T m m E E E E E E E E
EI IWG_C3_pheno_for_tassel <3 separate L ! o | || || || || | | s |
[ PC_IWG_C3_geno_TASSEL = Homozygous Genotype \sseL : ANl F) <) &) O = &) &5 G =
= Change Indels to Unknown ena || || g || || || || || g || ||
[ Eigenvalues_IWG_C3_geno_TASSEL|, | = sewowpepmcenostomissing |~ | in| | &6 @) 5| | o) 6 o)
. 7+5 Transform Phenolype : I .IHL 'D G T T
|j| Eigenvectors_IWG_C3_geno_TASSEL [ R 0.1 Numerical Genotype ol : |
|j| MDS_PCs_MatriWG_C3_geno_TASf, | S ABHGenoype === = |
. ) uml = Thin Sites by Position M
|j| MDS_Eigenvalues_MatricWG_C3_08 ™| |+ custer cenotypes A AlC TIG|T|T
? |j Sequence [chro U Mask Genotype _ .IHL E T G T T
-50| # Find Inversions T T
|j| IWG_C3 _geno _TASSEL D (34 @&, Create Hybrid Genolypes A .. c
|j| Fesult b 52| Geno Summary
— | ] | e




Association Analysis

GWAS: QQ Plot

File Data Impute Filter | Analysis | Results GBSvZz GBS Workflow PHG
[ Data Diversity r | | Taxa SdArea_cm?2| Hat_cm P P2 PC3 PC4 PC5 Genotype
% ] Matrix Relatedness b -|Ho225 8.547 143557 7.912 -8.104 -3.44 -3.754 -1.58| WCRKTRT...
[ Centered_IBS_IW! F— 7 667 141.891 6.343 2 967 4,085 -10.684 -3.309) ACRKTGT...
0 MalrixG,_C3 En—‘ﬂmmmﬁti:':' GLM 676 140224 5508 3196 5,603 5437 ~4.185] ACRKKGT...
Ml s s _geno_l (5] mLm 7.357 150.224 4728 -0.212 8.602 -4.187 -1.641] ACGKGRT...
¢ [ Numerical [B] WeightedMLM 7417 143557 5552 -7.374 -2.71 -2.947 -0.928| WCRKTG...
[ WG_C3_0_matrix_structure_k2 & , , 9.297 148 557 7517 -3.669 8.887 0.267 -1.443] ACGKKGT...
[ IWG_C2_pheno_for_tassel Genomic Selection 5934 151801 3078 3.057 5276 ~9.21 5.106| ACRGTRT...
[y PC_IWG_C3_geno_TASSEL i stepwise 7.411 106.891 -3.369 7.352 1581 -0.674 -8.422| ACGGTGT...
- T - 8.557 121.891 -3.655 5619 1,749 -0.731 -9.452| ACGKKGT...
; Fast-MT Association
[ Eigenvalues_IWG_C3_geno_TAS o _ 783 148557 1508 2777 1062 5 046 3.022| ACGKKGT..
[} Eigenvectors_IWG_C3_geno_TAS Muitivariate Stepwise 8657 130224 10.411 1.652 5086 1938 3.363] ACGKKRT..
[y MDS_PCs_MatrixIWG_C3_geno_| \/ VCAP Scan 7474 146.891 -2.927 -1.466 7725 g -6.068| ACGKKGT...
D MDS_Eigenvalues_Matrix/WG_C3_geno TASSEL : HLELSY 8.33 153.557 -3.964 72749 1.905 0167 -9.557 ACGGTGET...
- - - — i|H0240 7414 136.891 -1.494 2775 527 2 948 -4 655 WCGGTRT...
[} 1WG_C3_geno_TASSEL +IWG_C3_pheno_fpr_tassel + PCIW| | 54 764 148567 5.464 3.307 2187 4497 2 594] ACRGTGT...
? ﬁEfquem:e |E |HD242 6.994 151.891 -0.945 2924 -1.363 4,628 -3.228] ACRKKRT...
1] Il | [v] | :|Ho243 8.294 143557 4.35 5523 -1.073 3.45 0.003| AYRGTGT..
File Data Impuie Filter Analysis [Resulis| GBSvZ GBS Workflow .PHG [£] QQ Plot Options Expected -Log10(P-Value) vs. -Log10(P-
D IWG_C3_pheno_for_tassel EH Table - | Trait Marker Value)
D PC_IWG_C3_geno_TASSEL \&’ Archaeopteryx Tree SdArea_cm2|Chr01_349_. Available Traits Traits to Plot 65 -
[ Eigenvalues_IWG_C3_geno_TASSE e LD Plot gg:;z:‘ﬁmg g:;gﬁ;gg >> |sdArea_cm2 o
[ Eigenvectors_IWG_C3_geno_TASSE hlll Chart [SdArea_cm2|Chr01_519. N Hgt_cm _so0! -
0y MDS_PCs_Matrix:we_c3_geno_T4 [# @aPiot 7| ;[SdArea_cm2|Chr01_543... %Zg Pt
[} MDS_Eigenvalues_MatrixIWG_C3_d ,, Manhattan Plot | SdArea_cm2 Chr01_564... < dss|
[y IWG_C3_geno_TASSEL + IWG_C3_pheno_for_tassel + PC_IWG_G3_ gﬂii:ﬂﬁ g:;g%ggg %3:
Seguence :[SdArea_cmz|Chr01_g46... 3 T 20|
B IWG_C3_geno_TASSEL . §§ SdArea_cm2|Chr01_705_. 151
ult :|SdArea_cm2[Chr01_720... NS iy
n_“‘“ss‘miﬂﬁﬂn [Soveramlomo1-06- o Denm.lwz | of 10299 points per trait T — - -
E]GLM_SIats_IWG_C&_qeno_TASSEL+IWG_Cajheno_for_ta.ssel+P{ SdArea_cm2|Chr01_986... g 00 05 10 15 2._0 25 _3‘0 35 40 45
A SdA 2| Chr01_122... c’ Expected -Log10(P-Value)
D GLM_GEI"IUUDESJWG_C3_QEHU_T."\SSEL * |WG_C3_D|"IEI"IU_fUI'_tESSE SdAi::EmE Ch;01:129... ~> Dm! Cancel W Sdfrea_cm2 ® Hgt_cm — Expected Values‘




Association Analysis

GWAS: Manhattan Plot

n_&ssnciatinn

-Log10(P-Value)

P-Values by Chromosome for SdArea_cm2
N N

500.000.000

63.279.845
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I
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1
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356,017 656

File Data Impute Filter Analysis Emmll:s| GBSv? GES Workflow PHG _'E' M h FII C|- _
B . =k
[y wG_c3_pheno_for_tassel B Table A1 Trait Marker I;I annattan Flot Fl't"':"n5
B PC_IWG_C3_geno_TASSEL \\i}" Archaeopteryx Tree SdArea_cm2|Chr01_349.
) HEdArea_cm2Z|Chr01_4086...
[} Eigenvalues_IWG_C3_geno_TASSE i LDPlot [SdArea cm2lChr01 508,
[ Eigenvectors_IWG_C3_geno_TASSE hlll Chart : Sd_g'rea:cmg ChrD1:519___
[} MDS_PCs_MatrixIWG_C3_geno_TA [# QQ Plot | [SdArea_cm2[Chro1_543.. SdArea_cm2
[ MDS_Eigenvalues_MatricIWG_C3_d [, Manhattan Plot |SdArea_cmZIChro1_S64...
. J5darea_cm2|Chr01_566. .
E‘| IWG_C3_geno_TASSEL +IWG_C3_pheno_for_tassel + FL_IWG_C3_¢q | SdArea cm2IChrdd 606, E’ N ﬂh.ﬂ.!f Cﬂ.“ 'E-E'l
Sequence |SdArea_cm2[Chr01_646...
[ wG_C3_geno_TASSEL —| :|SdArea_cm2|Chr01_705..
ult “|SdArea_cm2|Chr01_720...
§§ Sdarea_cm2|Chr01_958...
‘| Sdérea_cm2|Chr01_986..
B GLM_Stats_IWG_C3_geno_TASSEL + IWG_C3_pheno_for_tassel + P( SdArea_cm2|Chro1_122..
rj GLM_Genotypes_IWG_C3_geno_TASSEL + WG_C3_pheno_for_tasse | i[gdarea cm2|Chrod 129,
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