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Outline

@ Part I. Introduction to computer software
« MicroSatellite Analyzer (MSA)
 Graphical GenoType (GTT)

« STRUCTURE

v"What can you do using the software?
v"Where can you download the software?
v"How can you format input data ?

@ Part Il: The use of STRUCTURE for association

mapping
 Detail steps to generate a Q-matrix using STRUCTURE



MicroSatellite Analyzer: MSA

© An independent analysis tool for large data sets (Dieringer
and Schlostterer 2003)

» Descriptive statistics per population and locus (e.g. allelic
richness, heterozygosity, and Shannon index of diversity)

* Fs1, Fis, and Fi; based on the Weir and Cockerham method

* F5r per locus and population pair ; P-value for Fg; determined
by permuting genotypes among groups

 Genetic distance including Nei’s standard genetic distance

« Converts your data into the formats of GENEPOP,
STRUCTURE, ARLEQUIN, etc.

@ Version 4.05 available for Windows, Linux, and Mac:
(http://1122server.vu-wien.ac.at/MSA/MSA_download.html)
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Microsatellite Analyzer (MSA)

information about MSA can be found here

For downloading please click on the required OS icon.
You will receive a folder containing the following items:

executables
documentation
sample input file

DU BB «—

contact: Daniel Dieringer

http://i122server.vu-wien.ac.at/MSA/MSA_download.html



Input format

- Home Insert Page Layout Formulas Data Review ")
uj "" cut Calibri 11 A A|F = =8|
Paste =3 copy ‘B F U~ A =E == EE
- -# Format Painter = — = || [
Clipboard ] Font L] Alig
L1 - fe |
A B|C D E F G H |
1 1
2
3 CT10004 CT10015 CTH0019 CT10024 CT40039 CT10050
4 Processing h 1 13 11 11 14 14 11
3 Processing h 1 13 11 1 14 14 11
6 Processing h 1 13 11 11 14 14 11
7 Processing h 1 13 11 11 14 14 11
8 Processing h 1 13 11 11 14 14 11
9 Processing h 1 13 11 1 14 14 11
10 Processing h 1 13 11 11 14 14 1"
11 Processing h 1 13 11 11 14 14 11
12 Processing h 1 13 11 11 14 14 13
13 Processing h 1 13 11 11 14 14 13
14 Processing h 1 13 11 11 14 14 1
15 Processing h 1 13 11 11 14 14 11
16 Processing h 1 13 11 1 14 14 11
17 Processing h 1 13 11 11 14 14 1"
18 Processing h 1 13 11 11 14 14 1
19 Processing h 1 13 11 11 14 14 1
20 Processing h 1 13 11 11 14 14 1"
a| Processinn h 1 13 11 11 14 14 11

() > One or two column format

Specify one (1) or two (2) column
format in the cell Al

Enter name of population in the first
column (no empty cell)

Specify inbred (h) or outbred (d)
for your species in the second column
(no empty cell)

Enter group number of population
(no empty cell)

SNP data converted from letter codes
to numerical coding

Missing data cam be indicated by -1,
nd, dot(.), or empty cell

Save your data in the format “TAB
DELIMITED”



Number of loci
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Fsr = 0: an allele of a gene is fixed or the
ovate: 0.31 gene is under balancing selection
fw2.2: 0
sp6: 0.47 i g -
P F<r = 1: a gene under diversifying
selection
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Graphical GenoType: GGT

@ A tool for representing molecular marker data by graphical
representation and color coding of chromosomes

« Useful for evaluation of plant material and selection of a desired
genotype

© Advanced genetic analyses
» Marker-trait association
 Genetic distance
 Linkage disequilibrium

% Version 2.0 available for Windows
(http://www.plantbreeding.wur.nl/UK/software_ggt.html)
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Jun 27, 2008 ... The concept of ‘graphical genotypes’, which was first proposed by Young ... (c)
Wooster, OH Example of a graphical genotype of a single IRRI-derived BC1 ...
*|Change location mcclintock generationcp.orgfindex_ php?... - Cached - Similar

ror Analysis of mosquito genome structure using graphical genotyping
*| Show search tools File Format: PDF/Adobe Acrobat - View as HTML

by DWW Severson - Cited by 8 - Related articles

demonstrate the utility of using graphical genotyping to easily and quickly evaluate the

entire .... Graphical genotypes for all individuals examined inboth ...

www._nd.edu/~dseverso/Pubs/Severson_InsMolBiol_1995.pdf - Similar

Restriction fragment length polymorphism maps and the concept of ...

by ND Young - 1989 - Cited by 176 - Related articles

fulness of this concept, graphical genotypes for individu- als from backeross and F2
populations ... graphical genotype, the primary goal would be to trans- ...
www_springerlink_com/index/j37 1v25524 289844 pdf

Flapjack - Graphical Genotyping

New software tools for graphical genotyping and haplotype visualization are required that can
routinely handle the large data volumes generated by high ...

bioinf.scri.ac.ukflapjacks - Cached - Similar

PDEFE - Graphical Genotype of Maize Inbred B86 Revealed by RFLPs
by S Fahr - 1993 - Cited by 1 - Related articles
Graphical genotype for maize inbred B86 based on 178 DMA probes in combination with

restriction enzymes £coRl, £coRV, and Hindlll. ...
nnlinalihrans wilav Famfdnif10 11140 14300827 10973 thANERR w/ndf
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Latest update: February 2010

» DOWNLOAD GGT 2.0 (Versie: 2010) h

GGT, whatis it ? Click fo find out more..

Reference:

« GGT 2.0: Versatile Software for Visualization and Analysis
of Genetic Data Journal of Heredity 2008 99(2):232-236

Please cite either paper if you have used GGT 2.0 in research
leading to a scientific publication

There is also a POSTER [PDF, updated Jan '06] that explains the,
features and possible use of GGT 2.0 and defailed instructions
can be read in the GGT 2.0 user manual

GGT Updates :

update Feb 2010

+ No new developments are planned for GGT 2.0 but occasional support wil st
be possible

+ New Build with extended expiration date of 2013

- fixed estimation of phase in DH with many missing data points

Research News & Calendar About Wageningen UR _
http://www.plantbreeding.wur.nl/UK/software ggt.html
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Input format

% Two data files derived from locus and map data
% Locus file

 Contains data on marker alleles using the MapMaker or
JoinMap type of coding

« Anplain text file



Locus file

This file was used as input for the JOINMAF mapping scftware
; use the BUIL GGT FILE cpticn to merge ".loc'" and ".map'" files inteoc a
.ggt' file

; Fri, 10 Jan 19897, 11:54

; grouping file: mylvunig.grp
; original file: mylvunig.leoc
;7 linkage group: 1

name = lvuniq—ﬂ
popt = RIS
nloc = 72

nind = 103

E42M32-231%£1
ddddd —odT4a caclo daaccd Ccacac Cdadcd daaca Coood acoad accca
Caaa- addadda accaa accoo accaa CooCa-c adacaaa Ccacos Cadaa ocCocaadc

cooc
E33M61-740
aaaaa aaaca CAcCCC aacca aacac Caaca Caaca acaaa acacc accaa

CaCcada acaaa acoca oo AcCaa adccaf aAcCaa Caadcad Cadaa caaadc



Input format

% Two data files derived from locus and map data
% Locus file

 Contains data on marker alleles using the MapMaker or
JoinMap type of coding

« Anplain text file

“ Map file
 Specifies marker positions on a linkage map
« Anplain text file



Map file

; Genetic map file of a Barley RIL peopulaticon
; chromoscme 1

chrom 1

E33Mo5—308 0.0
E39Mel1—-274 1.8
E3oM4E-22 4.0
E33Mel1-740 14. 6
E3oM34-—93 14. &
E41M40-112 20.7
E42M31-267 23.3
E4ZM32—-231#1 ZB8.3
E4Z2ZM40-287 28.3
E33Me1-120 28,2

FATMI 00 R

3



Input format

% Two data files derived from locus and map data
Locus file

 Contains data on marker alleles using the MapMaker or
JoinMap type of coding

« Anplain text file

% Map file
 Specifies marker positions on a linkage map
« Anplain text file

Build a GGT file by merging the locus and map files using the
‘Build GGT-file’ option

© The GGT file can also be prepared from an Excel spreadsheet

T
o

,—<
35
",



1 |alias genol | geno2 | geno3d | genod | genob
2

3 |nchrom _ 2

4 |nind | 5|

2 |popt F2 | |

6 | locus pos alleles |

T s

6 |name=group

9 marker 0 A B A A B
10 |markerZ 258 A U A H B

11 [marker3 _ 769 H B A H H
12 |markerd 1013 U B H A A
13

14 |name=group2 _

15 |marker21 155 H B A H A
16 |marker22 43.7| H B A H B |
17 |marker23 61 A L A H B I _l
18 '
|

20
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STRUCTURE

@ A model-based clustering method (Pritchard et al. 2000)
* Inferring population structure using multi-locus genotype data

« Generating a Q-matrix to correct for population subdivision
during marker-trait association analysis in complex populations
(e.g. breeding populations)

e |dentifying migrants and admixed individuals

@ Version 2.3.3 available for Windows, Linux, and Mac:
(http://pritch.bsd.uchicago.edu/structure.html)

1.00 ==
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0.40

0.20

0.00
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Advanced search

» Structure

¥/ Change location

Page previews

*!More search tools

Something different

Images Oct 13, 2010 ... 1270-1279) combined X-ray crystallography and electron micrescopy to get the
) complete high-resolution open structure of group Il chaperonin ...
B Vvideos Current Issue - Login - Permissions - Conferences
= News www_cell com/structure/ - Cached
W Books Structure - Wikipedia, the free encyclopedia
Structure is a fundamental, if intangible, notion referring to the recognition, observation, nature,
*| More and stability of patterns and relationships of entities ...
Types of structure - Biological structure - See also - References
Woaoster, OH en wikipedia org/wiki/ Structure - Cached - Similar

Saoftware For Inferring Population Structure

The program structure is a free software package for using multi-locus genotype data to

Any time investigate population structure. Its uses include inferring the ...
Latest pritch.bsd.uchicago.edu/structure.html - Cached - Similar
Past 2 days . .
Software for Genetic Analysis
All results

The program structure is a free software package for using multi-locus genotype data to
investigate population structure. Its uses include inferring the ...
pritch.bsd.uchicago.edu/software_html - Cached - Similar

ScienceDirect - Structure. Volume 18, Issue 9. Pages 1067-1220 (8 ...
Sep 8, 2010 ... The online version of Structure on ScienceDirect, the world's leading platform for
high quality peer-reviewed full-text publications in ...

composition A ! o p . o

marphology www.sciencedirect.com/science/journal/09692126 - Similar

conformation EXPRESS: Clathing for Women and Men - Shop the Hottest Clothes at ...
geometry Be a trendsetter with the latest in women's and men’s clothing from Express. Shop Jeans,
dynamics Shirts, Tops. Dresses and Accessories for women and men.

www_express.com/ - Cached - Similar



x Google ! structure software
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Structure

The program structure is a free software package for using multi-locus genotype data to
investigate population structure. Its uses include inferring the presence of distinct populations,
assigning individuals to populations, studying hybrid zones, identifying migrants and admixed
individuals, and estimating population allele frequencies in situations where many individuals
are migrants or admixed. It can be applied to most of the commonly-used genetic markers,
including SNPS, microsatellites, RFLPs and AFLPs.

T T T T T T T

Download Stractare 2.3.3. h

What to cite: The basic algorithm was described by Prtchard, Stephens & Donnelly
{2000). Extensions to the method were published by Falush, Stephens and Pritchard (2003)
and (2007) and by Hubisz, Falush, Stephens and Pritchard (2009).

Contributors: Daniel Falush, Melissa Hubisz, Matthew Stephens, Jonathan Pritchard, Peter
Donnelly, William Wen, Milke Trienis, Pall Melsted.

Questions and Discussion: We have now started a Google Groups forum devoted to
Structure. This replaces the Genetic Software Form which is no longer active.

http://pritch.bsd.uchicago.edu/structure.html



Input format

y

Ed Microsoft Excel - Intron@EST marker data ready to run Structure [B-6-0] \Q A matrix Where the data for

File Edit Miew Insert Formak Toaols Data  wWindow  Help

individuals are in rows, the loci

DexEdsn SRy B2 = -2l

e T S— are in column

% Campeizs |1 cmmﬁ 12 g CTME( * n consecutive rows have the data
T — for each individual of n-ploid
R i T T N SPECIES

U — » Integer should be used for coding
CEE L genoups

81 neswzon |4 T BT  Missing data should be indicated by
g I a number which doesn’t occur

e ——  ——— elsewhere in the data (e.g. -1)
T — » The data file should be a text file
o teaams ! 12 12 12 12 (.txt) not an excel file (.xls) for

S &% 0§ 0 0 rmingSTRUCTURE



summary

© Three computer programs, MSA, GGT, and
STRUCTURE were introduced for SNP data analysis
by providing the following information:

« What can the programs do?
* Where can you download them?
« How can you format input data for each program?



USDA United States National Institute

_/"" Department of  of Food and

Agriculture Agriculture

Downstream analysis with SNP markers

Part Il: The use of STUCTURE software for association
mapping of bacterial spot resistance in tomato

Solanaceae Coordinated
Agricultural Project

Sung-Chur Sim
The Ohio State University, OARDC
SolCAP workshop




Bacterial spot in tomato

@ A disease complex caused by species Ay
of Xanthomonas bacteria. .

@ Five physiological races: T1-T5

% Sources of resistance from close
relatives of cultivated tomato
(Solanum lycopersicum L.) or S.
pimpinellifolium

* Hawaii 7998 (T1)
» Hawaii 7981 (T3)
« PI128216 (T3)

« PI1114490 (T1, T2, T3, and T4)



Association analysis models incorporate a
correction for population structure

Unified mixed model (Yu et al. 2006)

Y= REPy + Qw + Markera + ZV + Error
(] 1] 1 0 0] 1 0 0 0] 0 0 1] 1t 0000000 0 0lwl [q]
|l I 1 00 1 000 0 1 0 0t o000 00 00|yl s
1 00 1 000 00 1 0010000000 :
1 00 01 o0 offw] |1 0O 0001000000
:[ﬁ]+D1DF:‘+D1DDWE+1nnj+nnnn1nnnnn .
010 01t o offw| |01 o0 000001 0000
ot of™) oot allw] oo | Joooooo 1o oo
01 0 oo 1ol  Jtoo 0000000100
. 001 00 0 1 00 1 000000 O00 1D _
| |1 00 1 00 0 1 00 1 oooooo0 o000 t|le]|le

Adding a matrix, Qw, of population structure can correct for pseudo-linkage and
can add insight to which crosses, pedigrees, subpopulations have the highest
breeding value



STRUCTURE analysis

Format marker data

= Home Insert Page Layout Formulas Data Review View
& cut Arial -l - A ] (=== S Wrap Text General = ¢ } | = ‘“;.I % Adosum - %
s & x| [E=l=lor]  Sowe : S IS o i 4
T pormat peinter Huergeacener [ 8 = % 2 |5 A e sypere | T G ceare Finers seeds
Clipboard T Font P} Alignment P} Mumber T Styles Cells Editing
R12 - £ 13
A B c D 1 G H I I i It ik N 0 P i R 3 T u V W oY
1 M1 M2 M3 M4 M5 ME M7 8 M3 10 M11 M12 M13 14 M15 M16 M7 M18 M13 M20 21 M22 W23
2 6111R1 ikl 13 11 13 12 13 13 ik " 12 12 12 13 ikl -1 14 13 11 14 13 12 13
3 B111R1 ik 13 14 13 13 " 14 14 14 12 12 " 12 ik -1 14 13 i " 13 12 13
4 6111R2 ik 13 1 13 12 13 13 " " 12 12 12 13 ik 1 i 13 i 14 13 12 13
5 6111R2 ikl 13 14 13 12 13 13 14 14 12 12 iil 13 ikl 1 11 13 11 ik 13 12 13
6 |6111R3 i 13 ™ 13 12 13 13 1" 14 12 12 12 13 i 1" ™ 13 ™ 14 13 12 13
T |6111R3 i 13 14 13 12 13 13 1" 14 12 12 12 13 i 1 ™ 13 ™ 14 13 12 13
8 611151 ikl 13 14 13 12 13 13 ik 14 12 12 12 13 ikl -1 11 13 11 ik 13 12 13
9 611151 ikl 13 14 13 12 13 13 ik 14 ikl 12 12 13 ikl -1 11 ikl 11 ik 13 12 13
10 6111582 ik 13 1 13 12 13 13 " 14 12 12 12 13 ik 1 i 13 i 14 13 12 13
11 611182 ikl 13 14 13 13 ik 14 ik 14 12 12 12 13 ikl 1 14 11 11 ik 13 12 13 |
12 611553 ikl 13 14 13 12 13 13 " 14 12 -1 12 13 ikl 1" 11 ‘E! 11 14 13 12 12
13 611583 i 13 14 13 13 1 14 1" 14 12 -1 12 13 i 1 ™ 13 14 1" 13 12 12
14 611554 ikl 13 11 13 13 ikl 14 ik 14 12 12 12 13 ikl 11 11 13 14 14 13 12 12 ‘
15 611554 ik 13 14 13 13 " 14 " 14 12 13 12 13 ik 1 14 13 14 14 13 12 12
16 6117R1 ikl 13 11 13 12 13 13 ik 14 12 12 12 13 ikl 1 14 13 11 ik 13 12 13
17 [6117RA ikl 13 14 13 12 13 13 " 14 12 12 12 13 ikl 1" 14 " 11 " 13 12 13
18 [6117R2 i 13 ™ 13 12 13 13 1" 14 12 12 12 13 i 1" ™ 13 ™ 14 13 12 12
19 |6117R2 11 13 11 13 12 13 14 11 14 12 12 12 13 11 1 14 13 14 14 13 12 12
20 611751 ik 13 1 13 12 13 13 " 14 12 12 12 13 ik 1 14 13 i 14 13 12 12
21 611751 ik 13 14 13 13 " 14 " 14 12 12 12 13 ik 1 14 " 14 " 13 12 12
22 6117582 ikl 13 14 13 12 13 13 ik " 12 12 12 13 ikl 1 11 13 11 14 13 12 13
23 1611752 ikl 13 14 13 13 1" 14 14 14 12 13 12 13 ikl 1 11 1" 14 ikl 13 12 13
24 611733 i 13 ™ 13 13 1 14 1" 14 12 12 12 13 i 1" ™ 13 ™ 14 13 12 12
25 [6117S3 i 13 il 13 13 1 14 1" 14 12 13 12 13 i 1 ™ 13 14 14 13 12 12
26 611754 ikl 13 11 13 12 13 13 ik 14 12 12 12 13 ikl 11 14 13 11 ik 13 12 12
27 1611754 ik 13 14 13 13 " 14 " 14 12 12 12 13 ik 1 14 " 14 " 13 12 12

£4%ARA

The marker data f

Ile used in this example is available on the

workshop URL.: http://pbgworks.org/tomato-workshop (file name:
STRUCTURE_ InputData.txt)




STRUCTURE analysis

Format marker data
<
Decide how long to run STRUCTURE
(burnin and MCIC)

Burnin length: how long to run the simulation before collecting
data to minimize the effect of the starting configuration
(Recommendation: 10,000 ~100,000)

MCIC length: how long to run the simulation after the burnin to get
accurate parameter estimates
(Recommendation: 500,000~1,000,000)



STRUCTURE analysis

Format marker data

<
Decide how long to run STRUCTURE
(burnin and MCIC)
<

Run simulations 20 times for each of several different Ks

Identify the best K based on the log likelihood values from the
20 simulations for each K using the non-parametric and/or AK
methods




Inference of best K (number of populations)

A LK)
®The log likelihood for each K, Ln P(D) = L(K) -
25000 "__.-dil'{EH
©Two approaches to determine the best K .
Itm |
1. Use of L(K): When K is approaching a true value, -aso00- '\
L(K) plateaus (or continues increasing slightly) and has )
high variance between runs (Rosenberg et al. 2001, B A
Evanno et al. 2005). 5
nonparametric test (Wilcoxin test) o Ay T
100- <
2. Use of an ad hoc quantity (AK): Calculated based on =
the second order rate of change of the likelihood (AK) -
(Evanno et al. 2005). The AK shows a clear peak at the
true value of K. o
AK = m([L”K])/s[L(K)] 7
o

Evanno et al. 2005. Molecular Ecology 14: 2611-2620
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EYEGE IO

Project -T1 & :: Summary of Project T1 E\E@
i@ Project Data | | File
- # Project Information 3
..... * m /\ Summary of Simulations
= || Parameter Sets
S 1500000 Parameter ... Run Mame K fLnP(D) VarllnP(D)] al Fst_1 Fst 2 Fst_3 Fst_4 Fst 5 Fst & Fst 7
----- # Settings 500000 500000_run_9 4 /32?8.6 \ 208.2 0.2052 0.3857 0.4157 0.6008 0.2779 - - - &
= || Restlts 500000 500000 _run_8 4 I -3279.7 ‘ 207.8 0.2056 0.2752 0.4202 0.3360 0.6039 - - - E
# 500000_run_100 (K=8) 500000 500000_run_7 41 32779 204.8 0.2047 0.5993 0.3861 0.2764 0.4203 - - -
# 500000_run_101(K=3) 500600 500000 _run_é 4 |-32780 206.3 0.2052 0.4188 0.6014 0.3874 0,2763 - - -
# 500000_run_102 (K=9) 500000 500000_run_5 4 |-3278.7 5.8 0.2048 0.2757 0.3380 0.4199 0.6002 - - -
# 500000_run_103 (K=9) 500000 500000_run_4 4 -3279.1 07,0 0.2043 0.3342 0.5991 0.2756 0.4204 - - -
# 500000_run_104 (K=9) 500000 500000_run_3 -3279.6 3.0 0.2060 0.6010 0.2782 0.3368 0.4202 - - -
# 500000_run_105(K=9) 500000 500000 _run_2 -3279.0 5.9 0.2045 0.3343 0.6003 0.4135 0.2769 - - -
# 500000_run_106 (K=9) 500000 500000 _run_20 -3280.8 10.4 0.2047 0.5984 0.2786 0.3368 0.4193 - - -
# 500000_run_107 (K=9) 500000 500000_run_1 -3278.8 5.3 0.2051 0.4198 0.2768 0.6013 0.3364 - - -
- # 500000_run_108 (K=9) 500000 500000 _run_19 -3278.5 5.0 0.2041 0.5977 0.3862 0.4193 0.2777 - - -
- # 500000_run_109 (K=9) 500000 500000 _run_13 -3278.3 |ﬂ04.9 0.2047 0.4130 0.6000 0,274 0.3356 - - -
# 500000_run_10 (K=4) 500000 500000_run_17 4 -3278.5 0.2039 0.4193 0.5983 0,3855 0.2763 - - -
# 500000_run_110 (K=9) 500000 500000 _run_16 4 -3280.1 9.1 0.2051 0.5932 0.3861 0.4203 0.2767 - - -
# 500000_run_111(K=9) 500000 500000 _run_15 4 |-3279.4 207.5 0.2059 0,419 0.2770 0.6027 0.3875 - - -
# 500000_run_112 (K=9) 500000 500000 _run_14 41 [-3279.4 207.4 0.2051 0.4187 0.3867 0.2751 0.6023 - - -
# 500000_run_113 (K=9) 500000 500000 _run_13 4\ -3279.2 l 206.9 0.2055 0.4193 0.3863 0.2768 0.6024 - - -
# 500000_run_114(K=9) 500000 500000 _run_12 4 \ -3273.8 I 206.1 0.2048 0.5975 0.2789 0.4198 0.3349 - - -
# 500000_run_115(K=9) 500000 500000 _run_11 4 \-3279.9 I k- 0.2044 0.4187 0.2743 0.3349 0.6022 - - -
# 500000_run_116 (K=9) 500000 500000 run 10 4 2794 .0 0.2060 0.2757 0.3830 0.4135 0.6033 - - - ™
# 500000_run_117 (K=3) - ! il v
Log likelihood values




Inference of best K using the delta K method

@ > The best K analysis - Microsoft Excel

]

—/f Home Insert Page Layout Formulas Data Review View

=] % cut . S li= = = | 1 (I 55 o ¥ AutoSum v

Calibri 1l A A== = Wrap Text General - *:J % [ - ¥
—j '—‘;ﬁ Copy | e | 5 ) é‘ J D !:\ @ Fill =
- || S | - | ===y = | | = & .0 .00 it
Pavste f Farmat Painter sl || & é ||| = @Merge&tenter I'$ il Il 60 5.0 é:oorrr;clai:tr;unngal ESF?-:E?:- 5t§|i|:v Insvert DELEtE Fr.:lr:nat 2 Clear~
Clipboard P Font s Alignment I Number P Styles Cells Edit
P18 v f |
| a [B] < el F | @ H I J K L M N 0 P Q R E

1
2 K LnP[D) K LK) Stdev LK) L"(K) [L"K] Delta K 14
3 14 -3278.6 4" 3279147 068077 - - - «—— ThebestK=8
4 24 -3279.7 5" 3221037 13.87348 5311 -34 6 346 2493966 12 A
5 34 -3277.9 6 -3197.52" 17.41567 2351 22706 227058 1.303711 10
6 44 -3279 77 -3196.717 44.95482 0.805 3 31 0.689581 l \
7 54 -3278.7 8" -3164.91" 5.927498 31.805 -77.76 7776 1311852 8 [ \
] 64 -3279.1 9" 321086 618554 45955 -143.045 143.045 2312571 & m—Seriesl
9 74 -3279.6 107 -3399.86 " 5243314 -189 104.2 104.2 1987293 4 I \
10 84 -3279 117 3484.66 56.18421 -84.8 49195 49195 0.875602 l \
11 94 -3280.8 127 3520277 7440753 35605 27.065 27.065 0.36374 2 \\.__‘_J \/__
12 10 4 -3278.8 137 3528.817 86.5478 -8.54 h.8k4 h 855 0.06R6122 0 - e
13 114 -3278.5 14: -3531_49:57_59155 -2 684 -78.96 7896 1.168191 5 § 7 8 9 10 11 12 13 14 15
14 12 4 -3278.3 16 -3613.14 6303 -B1R45 81 645 81645 1.200132
15 13 4 -3278.5
16 14 4 -3280.1
17 15 4 -3279.4
18| 164 32794 L(K) = an average of 20 values of Ln P(D) —1
19 17 4 -3279.2 y
20 184  -3278.8 L (K) — L(K)n - L(K)n-l . . . .
a 194 32799 L"(K) = L'(K). — L'(K) The Excel file used in this example is
22 204 -32794 - n n-1 . .
- e T omes available on the workshop URL.:

Delta K = [L"(K)]/Stdev

http://pbgworks.org/tomato-workshop
(file name: The best K analysis.xIs)




STRUCTURE analysis

Format marker data

<
Decide how long to run STRUCTURE
(burnin and MCIC)
<

Run simulations 20 times for each of several different Ks

Identify the best K based on the log likelihood values from the
20 simulations for each K using the non-parametric and/or AK
methods

8-

Retrieve a Q-matrix of the best K
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Bak| DX |
- # 500000_run_76 (K=7) +1{ Simulation Result: 00000(500000_run_85)

:gggggjﬁ::g EE:;; Bar plot Data plot Histogram Triangle plot Tree plot
500000_run_79 (K=7)
500000_run_7 (K=4)
spooo0_run 8O (=7 |\
500000_run_81(K=8) - o i
500000 run_82 (K=3) STRUCTURE by Pritchard, Stephens and Donnelly (2000)
500000 _run_83 {K=3) and Falush, Stephens and Pritchard (2003)
500000_run_84 (K=8) Code by Pritchard, Falush and Hubisz

500000_run_85 (K=8) Version 2.3.1 (Febrauary 2009)

*
*
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- @ 500000_run_87
- @ 500000_run_83
*
*
»
*
*
*
*
*
*
*
*
.
.

K
K

500000_run_89 { K=
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Bar plot showing clustering of individual genotype

Original order @ Plotin single line

Group by POP Id
2 Plot in multiple lines
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|B a8 = B2k
i 500000_run_75 (K=7) ‘I: Simulation Result: 500000(500000_run_85)
000 e 7 (K7 ) || Barplot Dataplot Histagram Triangle plot Tree plot
- 500000_run_78 (K=7)
- & 500000 run_79 (K=7) Inferred ances mdividuals
- @ 500000_run_7 (K=4) Labgh(®cMiss) : Inferred clusters
: :ggggg-f““-:ﬁf;; 1 6/IR1 (2) : 0.0350.0100.012 0.143 0.524 025213 0.011
_run_ = )
e S00000_un 52 (K=5) 6111R2  (0) - 0.033 0.009 0.018 0.133 0.245 0.536 0.0180.015
& 500000 run 83 (K=3) 3 6111R3  (0) : 0.008 0.005 0.015 0.124 0.150 0.674 0.012 ON)11
- # 500000_run_84 (K=3) 4 611151 (2) : 0.018 0.006 0.026 0.116 0.150 0.669 0.008 0.0
: msmm 5 611182 (0) : 0.1450.012 0.042 0.126 0.234 0.384 0.014 0.043
_run_ = - ) ~ - -
e 500000 un 57 (K=3) 6 611553 (2) : 0.0170.006 0.317 0.051 0.026 0.055 0.007 0.520
. 500000_run_88 (K=8) 7 611584 (2) : 0.0130.006 0.023 0.019 0.018 0.014 0.007 0.899
- # 500000_run_89 (K=3) 8§ 6117R1 (0) : 0.014 0.004 0.012 0.670 0.041 0.238 0.009 0.011 é. Q_matrix
: ;ggggg-f“”-gui?;“;) 9 6117R2 (0) : 0.0120.007 0.272 0.285 0.030 0.124 0.019 0.251
_run_! ) N - )
& 500000 run_ 51 (Ko3) 10 611781 (0) : 0.0150.006 0.039 0.302 0.053 0.087 0.009 0.489
. # 500000_run_92 (K=8) 11 611782 (0) : 0.036 0.009 0.150 0.265 0.207 0.088 0.008 0.238
- # 500000_run_93 (K=8) 12 611753 (0) : 0.007 0.013 0.010 0.027 0.023 0.011 0.009 0.89%
: :ggggg-f““-g‘;ﬁ :; 13 611784 (0) : 0.0150.007 0.085 0.376 0.061 0.095 0.008 0.353
_run_ . £ - /] A4
& S00000_un_56 (K=3) 14 6124R1 (0) : 0.0740.007 0.067 0.028 0.061 0.013 0.006 0.7
- 500000 run. 57 (K=3) 15 6124R2 (0) : 0.0220.010 0.014 0.110 0.426 0.012 0.005 0.401
- # 500000_run_98 (K=3) 3 6 6124R3 (0) : 0.0140.008 0.023 0.013 0.017 0.009 0.004 911
- # 500000 run_93 (K=8) ING124R4 (0) - 0.021 0.016 0.014 0.030 0.07% 0.014 0.0#€ 0.818
- 4 500000_run_9 (K=4) hd . R AP




SAS codes

% macro Mol(mark);

proc mixed data = three;

class &mark gen rep;

model T1 = popl pop2 pop3 pop4 pop5 pop6 pop7 pop8 &mark /

solution; | ' T
random gen rep; Qw
% mend,; Markerao
%Mol(M1);
%Mol(M2);
%Mol(M3);
%Mol(M4);
run; The SAS code used in this example is available on the

workshop URL.: http://pbgworks.org/tomato-workshop
(file name: SAScode.txt)




Summary

“ STRUCTURE is a useful tool to detect population
subdivision

® The use of the Q-matrix can correct for subpopulations
during association analysis in breeding populations;
avolds detection of false-positives

© The SNP resources from SolCAP are a powerful
survey tool; we should be thinking beyond bi-parental
populations toward analysis of complex breeding
populations



