STRUCTURE EXAMPLE

STRUCTURE: Pritchard et al., 2000 (free ware from Jonathan Pritchard, University of Chicago,

http://pritch.bsd.uchicago.edu/structure.html
Click on File to select i/ fp 8 / )

the New Project option

CLICK ON THE STRUCTURE ICON ON THE DESKTOP.  THIS WINDOW OPENS.
_[o] %]

:lEtructurE
File Project Parameter Set Plotting  Wiew  Help
Open Daka File ...

lose File

Mew Projeck ...

Open Projeck ... Click on New Project to

open the Project Wizard
window

Close Project

Save Project

Load skruckure results ..,

Recent projects ]

Exit




B step 1 of 4 - Project Wizard

You have now opened the Project Wizard at Step 1

Step 1 of 4: Project information

X

Enter an arbitrary name
of your project

Mame the project IFROG /

Select directory IDESKTOF‘ Browse ... | e

Select the directory and
folder containing the dataset

Choose data File IFROG.TXT Browse ... |

/ Next>> | Cancel Select the dataset to be

analyzed

Then click Next




The numbers and boxes checked in these two steps of the Project Wizard
define the organization of the dataset used in this example and the boxes
should be filled with numbers specific to the dataset.

B step 2 of 4 - Project Wizard x| P step 3 of 4 - Proj

Step 2 af 4: Information of input data set Skep 3 of 4; Format of input data set

Please check boo: if data file contains Following rows):

Mumber of individuals: I22?B —— —_— [¥ Row of marker names
Ploidy of data: |2 _ [~ Row of recessive aleles

[~ Map distances between loci

Mumber of loci; |39 ——
Missing data value; |-9 €

[ Phase information

— Sperial Format

[~ Data file stores data for individuals in a single line
Show data file Format |

Shaw data File Farmat |

<<Back | Mewk i | Cancel | <<Back | N}XU? | Canicel |
\ y
Opens the next step of Opens the next step of

the Project Wizard the Project Wizard




Step 4 of the Project Wizard finishes describing the format of the data set.

The “Finish” button calls up a summary of the STRUCTURE project as you

have set it up. The Confirmation page is an opportunity to return to previous
steps by clicking on Go back to correct x|
any incorrect entries in previou S Steps g 3./ You are about bo build & Structure project with following settings:

Project Mame: FROG
Project Path: C:iDocuments and Settingsikidd\Deskkop

X
= Dakta Source: C:iDocuments and Settingsikidd\DeskbophFROGE, THT
Step 4 of 4; Format of input data set (cont'd)

Please check box if data file contains Following colurmnis):

e [v Individual 1D For each individual
Mumber of Individuals: 2278
MNumber of Loci: 39

— [ LISEPOPINFO selection flag Mumber of Ploidy: 2

Missing Yalue represented as: -9

—_— |v Putative population origin for each individual

[~ Phenokype infarmation
¥R —_—

[~ Other extra columns

Murber of Extra Columns: l_ Data File Conkains Row of Marker Mames

Daka File Contains Individual Labels

Data File Contains Populakion Identifiers

Diata File Contains USEPOPINFD Selection Flagn
< =Back ‘ Finish | Cancel | Mumber of Other Extra Columns: 0

Show data File Format |

T Froceed | G0 back |

Closes the Project Wizard and Va

Qs & V.VindOW that reviews all of When all entries are correct, “Proceed” will
your settings. open the file within the STRUCTURE project




Click on Parameter Set to pull down This window shows the organization
the options for running STRUCTURE and contents of the dataset

: SElE
File  Project | Parameter Set  Plotting  Wiew Help
J | 15} ﬁ Parameter Set List ] | st |
|2 Project - FE - Modify current set : Project Data == =]
; Project |
. ro]_ec Label Pop ID Flag Locus 1 Locus 2 Locus 3 Locus 4 Locus 5 Locus &
# Project
. Remaove Parameter Set ..., 1 2 3 4 5 G
o M Simulat T 1 I
[+-[5) Parame
R Run K736 1 1
Stop K741 1 1
JR0741 1 1

Click on “New” to open
the parameter window.

LI gy e} 1 1
JKO756 1 1
JKO756 1 1
1716 1 1
1716 1 1
1743 1 1
1743 1 1
11111 1 ;
kil | >




gNew Parameter Set

Length of Burnin Period:

Murmber af MCMC Reps after Burnin : IlEIEIEIEIl K

Run Length | Ancestry Model | dllele Frequency Madel I fdvanced |

running parameters

1. Enter 10000 in both of these windows;

1220 | this is to be considered a minimum length

for a STRUCTURE run. The remaining tabs
can be left at default values for this example

Cancel I

2. Clicking OK opens the
tiny name window; enter
an arbitrary parameter
name

P Flease name the new parameter set

In this window, specify the

x|

o [FroG

o]

Cancel |

/

STRUCTURE page

3. Returns to the main




The STRUCTURE file must now be saved, closed, and reopened to run

i ]
File Project Parameter Set Plokting  Yiew Help
/ Open Data File ... i | Ol” ﬁl
1 Close File
| oruaancotraon 7 BEES

Mew Project ... i
Open Praject ...
F : Parameter Set: FROG

Close Project

Save Project
/ Load structure resulks ...
Running Length

2 Recent projects ]

Eudt Length of Burnin Period: 10000
I Mumnber of MCMC Eeps after Burnim: 10000

[

3




To reopen, click the STRUCTURE icon on the desktop, click on “File”,
“Recent projects”, and select your project name.

Pone e e e e et I ——

= structure -0 x|

File Projeck  Parameter Set Plotting  Wiew  Help

Open Data File ... | ! | O |||ﬁ|

Close File

1 Mew Praject ..,
Open Projeck ...

Close Project

Save Projct 3. Click on the name you assigned to your

Load struct it / project (see Step 1 of the Project
04aad sCructure results ... Wizard).

Recent projects

kesk1kkk




Now you are ready to run your project!
E -loix]

File | Project Parameter Set  Plotting  View Help

o 8
Wiew Job Log - - - -
T i simuaton onfuration 06— HFE]

Generate parameter files. ..

------ 1 Parameter Set: FROG
=3 Paramater Sets
(8- FROG (Active)

2

Running Length

Click on Start a Job under the File tab

ength of Burnin Perod: 10000
Numher of MCMC Reps after Burnin: 10000

Ancestry Model Info

Use Admoure Model
* Infer Alpha

* Tnitial Value of ALPHA (Dirichlet Parameter for Degree of Admoture): 1.0
¥ T1on Same &lnha for ofl Damilatione |

These two steps move you to the select-a-job window




Strucl:ure Scheduler

Select Simulakions ko Fun

e

Highlight your
project.

Set the values of K

(the number of > Set K From |E. ko |E.

clusters) you wish
to run. [7 Use sequential integer randam seeds starking at I

/ Mumber of Iterations: |1

This number can be set to any Skart | Cancel |
value, however, our time \

constraints make “1” appropriate.

N Finally, start the run!




When the job is done, this will be your screen.
Sisiruciwre — — =10l

File Project Parameter Set  Plotting  View  Help

| Bl@ ] 0]R] o]

e |
) Project - bestx h[  Project Data == ]
Project Drat.
: F‘:E;:Et In:;:‘mation Label Pop ID Flag Locus 1 Locu
@ Simulation Summary WO756 1 1
E@ Parameter Sets KO 1 1
=03 FROG
- ——
=00 Results W7 1 1

\l‘) Job is Completed !
Structure Job Log

Start Job ..

Loading Sirulation FROG .

Setk=4
Set Output Marne as: FROG 1
Sirmlation FROG finished

Click OK to close
this window.

Joh iz Cormpleted!

Click OK to close
this window.




1. Click on “Bar plot”;
figure will appear

To View the Graphic Representation of Run Results

s e —— I ] S
File Project Parameter et Plotting  View Help
|m@<DX ellal SN
L) Project - testx Simulation Result: FROG(FROG_run_1} == x|

i Project Data

. Project Informakion

. Simulation Surmmaty

EJ Parameker Sets
B3 FROG

206G _run_1 {K=5 )

PAFROG(FROG_run_

Bar plat  Dataplak  Histagrarn  Triangle plat

STRUCTURE by Pritchard, Stephens and Donnelly {2000)
and Falush, Stephens and Pritchard (2003)
Code by Pritchard and Falush

Scroll down
this bar to
view statistical
results.

and
ts and

ect_data

2. Click these
options

FQHWF Plot in single line ScrO” across to
/9: :::::ZF‘OP” ¢ bt i s view all populations

| Click on Save to keep a copy of
| the colored figure

—
Consult external files to
decode names of populations

Prink Save Close |




The figure will be saved as a .jpg file which, in turn, can be inserted into
a .docx file that can be labeled as desired (see next page).
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The “best” D|K plots of selected 39 SNPs; 43 Populations, 2278 Individuals
Africa SWA Europe C Asia Asia Pac  Amers

ez o sy a0 B R F'T""“\"" '_""“""“'"'*"_f“ri'f "[""’nr X v AT B P I"ﬂ""f‘rqﬂﬂrﬂ' TSI 5 =200 i e & i T o

‘LJA‘I"'I’*“[‘“ U 1 Wl H[ "'4 ot h
i B il _7—"—*"1"['" i3]
AN MuLAJ Mdﬂd!ﬂj

Note: To co-ordinate the colors between these runs, we have used the freeware
program DISTRUCT by N. Rosenberg
(http://rosenberglab.bioinformatics.med.umich.edu/distruct.html)



Retrieving Statistical Results

1. Open the file automatically generated by STRUCTURE
and carrying the name of your project. It is in the same
folder as the data file

2. Open your job file

i testx X & FROG

3. Open the Results file

File Edt ‘iew Favorites Tools Help

@Bar.k v O Y 1’ ’ /:) Search -~ Folde# ‘v

Address llf_) C:\Documents and SettingsikiddiDesktopteftx\FROG l.l Go
EPSON Easy Photo Print + (=) Photo Print

File Edt Miew Favorites Tools Help

i
) 4' - ‘

G Back O 1 ‘ /. Search i..- Folders

Address IMj C:\Documents and SettingsikiddiDesktop) testx ﬂ Go

EPSON Easy Photo Print ~ () Phota Print

4| Name = Size l Type 4| Name ~ | Sizel Type
File and Folder Tasks ¥ EarroG File Folder File and Folder Tasks ¥ [C)PlotDat, File Folder
| project_data 409KB File EBResults File Folder
Other Places A | testx.spi 1KB SPIFile Other Places N sim 1KB SIMFile
extraparams 1KB File
(@ Deskiop v|4] | D testx = mainparams 1KB File
2 ee . () My Documents v|<| I _'_I

f® Results

File Edt ‘iew Favortes Tools Help

Qaack v @ v L’ ‘ /‘3 Search || Folders ‘v
Address I@ C:\Documents and Settings\kiddiDesktapitestx\FROGIResults ;] GO 4_ Open W|th a text

EPSON Easy Phata Print + (Z) Photo Print o .
© editor your Run file
4| Name ~ vpe lDate
File and Folder Tasks ¥ FROG_run_1_f 161KB File 6{23/20

Obhaw Dlacars N ﬂ 4 I I _)I




The Results are printed in a long, continuous file (broken into two and shown

below). “//...“ Indicates shortening of actual output file, leaving examples only

of each part of the output file.

T L i 1 S L i L i L I L '
= |
G0 2 Run parameters:
2 3 2278 individuals
@ ] 39 loci
Fﬁ 5 & populations assuwmed
. =} 10000 Burn-in period
ct 7 10000 Reps
= =1
=g
10 — e
.: 11 Proportion of menbership of each pre-defined
. 12 population in each of the & clusters
13
gs 14 Giwven Inferred Clusters Number of
E 15 Pop 1 2 3 4 =) & Indiwviduals
16
17 1: 0.o003 0.o003 o.ooz 0.989 0.002 o.ooz [{1=)
15 Z: 0.o004 0.003 0.003 0.98s 0.00Z2 O.00z2 35
12 G 0.003 0.003 0.002 0.983 0.002 0.00z2 G
z0 9: 0.003 0.003 0.002 0.987 0.002 0.002 43
z1 1z: 0.007  0.007 0.008 0.987 0.004 0.007 39
Z2 13: 0.014 0.008 0.064 0O.87Y8 0.006 0O.033 20
Z3 14: 0.007 0.005 0.040 0O.923 0.005 0.0z20 45
z4 16: 0.013 0.008 0.045 0.899 0.010 0O.025 40
25 /7 .
26 Lllele-freqg. divergence smong pops (Met nuclectide distance)
27 computed using point estimates of P.
28
Z9 1 2 3 4 5 [
30 1 - 0.01352 0.2105 0.2661 0.1255 0.Z2467
31 2 0.018z2 - 0.2403 0.3025 0.1186 O0.2549
32 3 0.2105 0.2403 - 0.3023 0.3185 0.0z246
33 4 0.2661 0.3025 0.3023 - 0.4414 0.3739
34 5 0.1255 0.1186 0.3185 0.4414 - 0.3311
35 6 0.2467 0.2849 0.0246 0.3739 0.3311 -
36
37 hverage distances (expected heterozygosity) between
38 individuals in =same cluster:
39 cluster 1 0.zze62
40 cluster 2 0.2060
41 cluster 3 0.ZE223
42 cluster 4 0.1077
43 cluster 5 0.1218
44 cluster 6 0.z040
45
G —
47
HE| | 1:3 (47) [1640] 2=l | Text D05 |Code

W om -1k @

Y SO S 7 N - R 4% 2% VR O % Q0 S 2 O R S VI SR N R T R T T PO AR U I P g
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See next page

I

Ezstimated Ln Prob of Data = -B0732.5

Mean wvalue of 1ln likelihood = -59727.7

Variance of ln likelihood = Z009.5

Mean walue of alpha = 0.0350

Mean walue of Fst_ 1 = 0.4145

Mean wvalue of Fst_2 = 0.4754

Mean wvalue of Fst 3 = 0.3914

Mean wvalue of Fst_4 = 0.6895

Mean wvalue of Fst_5 = 0.5282

Mean wvalue of Fst_o = 0.4564

I

Inferred ancestry of individuals:

Label (%Miss) Pop: Inferred clusters

1 JEO736 [{ul] 1 : 0.001 0.001 0.001 0.994
z JEO741 (5 1 : 0.003 0.002 0.002 0.990
3 JEO753 [{u]] 1 : 0.002 0.002 0.002 0.991
4 JEO7E7 (21 1 0.002 0.002Z 0.001 0.993
5 JE1715 [R=1] 1 0.002 0.00Z 0.002 0.991
[ JEO756 {u}] 1 0.001 0.001 0.001 0.994
7 JE1716 [2=1] 1 : 0.002 0.001 0.001 0.994
=} JE1743 (2] 1 0.018 0.019 0.013 0.933
=] JEO752 (7 1 0.001 0.001 0.001 0.995

I .

Estimated ALllele Fregquencies in each cluster

First column gives estimated ancestral frequencies

Locus 1 : 1

2 alleles

0.1% missing data

z (0.087) 0.000 0.000 O.
4 (0.903) 1.000 1.000 0.
Locus 2 @ 2
Z alleles
0.8% mwissing data
3 (0.526) 0.991 0.997 0.
1 (0.474) 0.00% 0.003 O.
Locus 3 & 3
2 alleles
0.1% missing data
1 (0.772) 0.371 0.089 0.
3 (0.228) 0.62%9 0.911 0.
fEo0

a7o o,
930 0.

993 0.
oo1 1

aoo o.
.ooo 1.

aoo
ooo

oo1 o.
999 0.

951 0
043 0

.998 0.
ooz o,

oo1
9599

993 1.
oo1 o.

ooo 0.035 0.
ooo 0.962 0.

993
oo1

0.001
0.001
0.002
0.001
0.00z
0.001
0.001
0.00s
0.001

0.001
0.00z
0.002
0.001
0.001
0.001
0.001
0.009
0.001




Evaluating Structure Runs

Structure Project: K=2-8, 10 replicates

4 - B G D E F & H I J K L M

91 EsthProbofD#a .l Est Ln Prob of Data

| 2| Runs K plK Run # K PlK

1: 1 2 -82821.2 36 5 -60912.8 | 6000 -

12 2 2 -82839.3 37 5 -61042.1 0 2 4 6 8 .

L E 3 2 -82776.9 38 5 -60973.1 A Plot the “Estimated Ln
| I 4 2 -82898.3 39 5 617961 | _ o & .

7 5 2 -82925.7 a0 5 -61036.3 61000 N : PI"ObabIIIIty Of the Data"
1: 6 2 -84077.5 a1 6 -60743.1 . .
1- ~ 2 -82830.9 a2 6  -60770.6 PP from each run against its
| = 2 -82834 43 6 -60808.8 | -66000 .
| ) -sa0sss w5 -eossi ¢ K value. Consider the

12| 10 2 -84574.8 45 6 -60767.1 .

B n | 5 | oo % | 6 | oo highest K value

14| 12 3 -66182.2 47 & -60722.3 | -71000 -

15| 13 3 -66029.2 48 6 -64876.5 Supported by the data to

16| 14 3 -66047.4 49 6 -60840.5 .

17| 15 3 -66044.4 50 6 608204 | o be that K at which the

12| 16 3 -66049.1 51 7 -60774.7 :

19| 17 3 -66174.5 52 7 -60629.6 pIOt beglns to plateau' In
12 = 3| -Go0ss 53 7| 606554 this example, the optimal

21| 19 3 -65337.6 54 7 -60768.7 | 51000 -

; 2| 20 3 -66101.8 55 7 -60598.6 4 K Value is ||ke|y to be 7.
12 =2 4 -64982.8 56 7 -60663.9 j

{2 2 4 e s7 7 -sos261 $ There is no hard rule for
45 2 a -65154.8 58 7 603245 | -86000

{26 24 a4 650 59 7 645225 the optimal K value.

1271, > a -65090.6 60 7 -60531.1

12| 2 4 -65061.4 61 8 -60694.7

1| 27 a -65129.6 62 8 _60g43 | 1000

30| 28 4 -62010.5 63 8 -60665.6

31| 29 4 -61997.4 64 8 -60514.7

32| 20 a -65055.2 65 8 -60342.6

33| 21 5 -61754.2 66 8 -60584.5

| 2 5 -61022 67 8 -60261.7

35| a3 5 -64940.4 68 8 -60679.7

36| 24 5 -61068.1 59 8 -60200.3

37| 35 5 -60877.1 70 8 -60326

[ 14« v ] Sheetl

Ready ﬁ



The “best” D|K plots of selected 39 SNPs; 43 Populations, 2278 Individuals
Africa SWA Europe C Asia Asia Pac
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Note: To co-ordinate the colors between these runs, we have used the freeware

program DISTRUCT by N. Rosenberg
(http://rosenberglab.bioinformatics.med.umich.edu/distruct.html)



P|K
-60774.7

-60629.6

60655.6
60768.7
-60598.6
-60663.9
.60626.1
-60334.5
N 500

-60531.1

Because there may well be
several solutions to
STRUCTURE analyses at the
same K value with the same
SNPS and samples, it may be
instructive to plot each run at
the optimal K level. In this
example, run 58 is statistically
the “best” solution; however,
run 60 is also interesting.

NOTE: M. Jakobsson and N. A.
Rosenberg have written a
freeware program, CLUMP,
that allows easy statistical
comparison of different runs
at the same K level.
http://rosenberglab.bioinform
atics.med.umich.edu/clumpp.
html.




