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Selective Mapping

Content

 What is selective mapping, and why we
would want to use it.

e Explanation of how to do it using
MAPPQOP

* Provide a case study based on maize
Virus resistance.



Selective Mapping

What is selective mapping ?

v'An approach that has been used mainly for
Association and QTL mapping to reduce the number
of individuals to be genotyped and phenotyped
from a large population.

v'The lines in a mapping population can be defined
as random samples from an infinitely large
population.
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Why, When ?

Credit: JEZamrang, INIABS:
haiad | P 18 olaaa-

Can we save resources without losing experimental 4
or selection power by concentrating on the most
informative individuals in a population?
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Choose BT

T\ VE Y Quantitative data
based on (trait of interest)

phenotype

e Excel

Choose BT

Tl VeIVEISY  Qualitative data I on
based on (genetic markers)

AT MapPop v. 1.0

~r »w W

Credit: JL Zambrano, OSU
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Frequency

‘ Disease syrji\ptoms ‘

Highly Resistant Highly Susceptible
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Selection Based on Phenotype

Frequency

How to make selections?

‘ Disease sy:"lptoms ‘

Highly Resistant Highly Susceptible

*Be sure that your data is
normally distributed

*Apply a measure of strength
of selection, for instance: 1
Standard Deviation

Excel, Sort your data
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» Individuals in extreme high and low range of distribution tend

to have accumulated more positive and negative alleles

AABBCCDD... aabbccdd...

» More information: Lander and Bostein, 1989; Gallais et al.,
2007; Sun et al., 2010)



Selection Based on Genotype
N (Selective Mapping)

> This method concentrates on:

1. Individuals with maximum information (recombinant
individuals)

2. Different combinations of individuals with more
desirable combinations of breakpoints

» MapPop provides a tool to select the most informative individuals

» This program quickly and consistently finds much-reduced samples
with map resolution approaching that of the larger populations
from which they are derived (Vision et al., 2000)



Selection Based on Genotype
T (Selective Mapping)

Before we use MapPop, we need some genotypic
information for the entire population to feed into

the program.

» Usually genetic information from a couple of
markers from each chromosome arm is enough

to build framework data.

» Markers and their genetic positions can be found

in databases or consensus genetic maps.
(http://www.maizegdb.org/map.php#)
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Selection Based on Genotype
Steps (Selective Mapping)

1. Build the file of the marker framework data as shown

First, be sure that marker segregation fits your expectation according to population type
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Steps (Selective Mapping)

2. Where do we find and how do we install MapPop ?

Web Images Videos Maps HNews Shopping Gmail more =

GO L_ )816 ‘ mappop Search Inztant iz on

About 245 000 resgultz (0.32 2econds) Advanced =earch

*8 Everything » MapPop distribution page

@ Images Oct 3, 2003 ... Software for selective mapping and hin mapping. Windows version,

d documnentation and references are available for download.
i Videos www_bio_unc_eduffacultyivision/lab/mappop/ - Cached - Similar
= News rs) MapPop 1.0: Software for selective mapping and bin mapping
: File Format: Adobe PostScript - View as HTML
Shopping by D Brown - 2000 - Cited by 4 - Related articles

| More This documentation covers MapPop version 1.0, released in December of 1999 ...
www_bio_unc_eduffaculty/ivision/lab/mappop/manual ps

Wooster, OH 4 Show more results from unc.edu

12



Based on Genotype
Steps (Selective Mapping)

2. Where to find and how to install MapPop

http://www.bio.unc.edu/faculty/vision/lab/mappop/
MapPop

Software for selective mapping and bin mapping
This is the main sowrce of MapPop, software for choosing good samples from mapping populations and for locating new markers on pre-existing maps.
If vou download MapPop, please inform us by email so that we can alert users as updates occur.

Avvailable on this page are:

MapPop executables (for Windows) and its documentation, along with sample files and lic
MapPop documentation a la carte: ps version (235 k), pdf version (110 k).
Sample data files in text format: framework data (3 k) and new marker data (5 k)
The MapPop license: text file (2 k).
Papers which describe the underlying ideas in MapPop:

o Vision TJ, Brown DG, Shmovs DB, Durrett BT, Tanksley SD (20000 nbsp; Selective Mapping: A strategy for optimizing the construction af
high-density linkage maps. Genetics 155, 407-420.
Brown DG, Vision TJ, Tanksley SD (2000) Selective mapping: A discrete optimization approach to selecting a population subset for use in a
high-density genetic mapping project. Proceedings of the 11th Annual {ACM-SIAM} Svmposium on Discrete Algorithms: 419-428.
XuZ, ZouF, Vision TJ (2005) Improving QTL mapping resolution in experimental crosses by the use of genotypically selected samples. Genetics
170, 401-408.

]

]

MapPop is a Free Program! 13
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—  Steps (Selective Mapping)

2. Where to find and how to install MapPop
x|

Do you want to open or zave this file?

Mame: MapPop.zip
Type: Compressed (zipped) Folder, 1.17ME

From: www.bio.unc.edu

X
Open [ Save ! ! Cancel

W Always azk before opening this twpe of file

harm pour computer, [F you do not truzt the zource, do not open ar

l--";l Y'hile files fram the Internet can be uzeful, zome files can potentially
b,
= zave thiz file. What's the risk?

Then, extract all
the files from
the zip folder.

14
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Steps (Selective Mapping)

2. Where to find and how to install MapPop

MapPop - |I:I|_Z
File Edit Wiew Favorites Tools  Help 11.’
| * | ' - ._\:I 1 x - T
Q Back: L) LE s Search Y Folders = n @ Folder Svnc
Address |7 Cr\Documents and Settingsicorrea, 3y Documents) Jose Luis\HCS 8§25 Advance Plant BreedingiMapPop | 4 Go
= barleyFrame, bk = barlevnew, bxk ; L
== | TextDocument == | TextDocument "@ librnat. di
= 3 KB = S kB
i .lh i i .lh
s libmatlb. di ‘Q-j libmmfile., dl {i" libre i
; L = license, bk SOF = manual, pdf
"@ libnat . dll == | TextDocument Adobe Acrobat 7.0 Docurnent
= Z kB .ﬂ-dnhe 105 kKB

' = manual.ps
g(ﬂ Fostscript File mappop.exe
230 kB

U J

15



Based on Genotype
Steps (Selective Mapping)

2. Where to find and how to install MapPop
x|

The publizher could not be verified. Are pou sure you want to
run thiz software?

Mame: mappop.exe
FPublizher: Unknown Publizher
Type:  Application

From: C:\Documents and Settingsicorrea, 940y Document, .

Run Cancel

v alwaps azk before opening this file

publizher. vou should only run zoftveare from publishers pou st

@ Thiz file does not have a walid digital signature that vernfies itz
How can | decide what goftware ba run’?

16



Based on Genotype
Steps (Selective mapping)

3-1. MapPop “Welcome” windows

o ﬁ ‘. You can create
AS92  Shortcutto  Shortcutto a shortcut to
’ - |. ¥, (
Agmﬁa Ggt32 mappop NmpPopon
3 | your desktop
MapPop version 8 9a1pha

Copyright 1999, Daniel G. Brown and Todd J. Uision
This software comes with NO UARRANTY.

‘help license’ for more details.

‘help’ for general help.

MapPop [11:

17
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~  Steps (Selective Mapping)

3-2. To run MapPop: insert code and then Enter:
loadframe “name of the file.txt” “genotyping code”

Genotype | Code

MHapPop version B.%7alpha.

Copyright 199?. Daniel G. Brown and Todd J. Vizd Parent 1 A
Thiz zoftware comes with NO WARRANTY.

Type *help license’ for more details.

Type *‘help’ for general help. Parent 2 B

MapPop [11: loadframe ohlixvaldS.txt AB?xxH_ Missing ?

Dominant P1 X
Dominant P2 X
H

Heterozygous

"I

Make sure that the txt file is in the same directory as MapPop
(C:/MapPop/oh1xva35.txt)

18
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~  Steps (Selective Mapping)

3-3. To run MapPop using the default options, insert
either code: samplemax or sampleexp, then type the
desired population size as shown (More details in the

manual)
samplemax 113 —_— 113 = 1/3 of my population size

¢ Shortcut bo mappop

MapPop version B.%alpha.
Copyright 19?9?, Daniel G. Brown and Todd J. Uision

Thiz software comes with NO WARRANTY.
Type 'help licensze’ for more details.
Type *help’ for general help.

MapFPop [11: loadframe ohlxvald5.txt AB?xxH
Markersz typed: 4@

Lines typed: 314

Generating test instantiations

Command completed successfully.

MapPop [2]1: samplemax 113_




Based on Genotype
Steps (Selective Mapping)

¢ Shortcut bo mappop

Generating test instantiations

Command completed successfully.

MapPop [2]1: zamplemax 113

Choosing sample to minimize expected max bin length.
Size desired: 113

Time allowed: 18 szec

Current MapPop options:

These default options
can be modified
estingtsi 5 (details in the manual)

Time: 18
TypeString: @A12345

This screen appears while the computer is performing the analysis

20




Based on Genotype
Steps (Selective Mapping)

MapPop Results: (may take a couple of minutes to display results)

Shortcut to mappop

Shortcut ko mappop

Mumber of iterations:
Expected max bin length : 7.18155 map units
Sample Lines:

Command completed successfully.
MapFop [51: _

|

‘ B8 Shortcut ko mappop & Iose Zambrano Mendoz

&' start ) MapPop ) Jose Luis

&

\J Jose Luis

-
| B shortcut to mappop (& Jose Zambrana M

@ Start| ) MapPop

21
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Case Study

A Post-Hoc analysis was conducted using the same data that
was analyzed and published in Theoretical and Applied
Genetics (2004) 110: 48-57

Identification of quantitative trait loci controlling
resistance to maize chlorotic dwarf virus

Mark W. Jones, Margaret G. Redinbaugh, Robert J. Anderson, R. Louie

22
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Linkage map for 314 Va35 x Oh1VI F, progeny. The positions for the two major
QTL associated with MCDV resistance, mcd1 and mcd2, are noted to the right of
chromosomes 3 and 10, respectively. Two minor QTL on chromosomes 4 and 6
are also indicated.
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Case Study - Objective

To compare the results using the whole population (314
lines) versus selective mapping based on phenotype and
genotype

Questions

»How does selective mapping affect the
genetic map?

»How does selective mapping affect QTL

detection?
24



Selective Mapping

Questions ? — Case Study

Based on Genotype Based on Phenotype

Shortcut to mappop

() = R s selective mapping ba
Nunber of iterations: 76 3/ "
Expootod mas hin length @ 7.18155 nap units Home  Inset  Pagelayout  Formulas | Data | Review  View
Sample Lines: . . .
£ From Access L, L, |2 connections Ming ]
& Zvllz|a ||
& From Web — —
=
. From Other | Exsting  Refresh 2| sort || Fitte
[JFromText  sSources~ | Connections | All= =
Get External Data Connections Sort & |
1317 - 3 Sort

Launch the S
data based o
once.

(@ PressFL%

S.

M 4 w| calc | selecction . onlyselected ]
Ready

art| | He5 525 advance Plant ... | 1] Selective Mapping.pptx | 2 efficiency of selec!

&/start| = MapPop |- Jose Luis | B Shortcut to mappop & Jose Zambrano Me

Compared with the published study
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Results :

Vs.

Based on Genotype Based on Phenotype

113 Lines 114 Lines

The two sets of selected lines share 40 lines
(35% of the selected population)

Notes:

v'Selection represents ¥ + 10

v'Quantitative data has normal distribution

v'"Markers segregate as expected for an F, Population (1:2:1)
v'Linkage mapping and QTL analysis were conducted using
the same procedures for the 2 sets of lines.

26
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Results based on genotypic selection (Genetic map of individual lines)
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OHIO Results in Linkage Map, Group 3

UNIVERSITY

Selection Selection
Phenotype Genotype

Whole
Population
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126 323

128 323

150 ———3_24

There were no major differences for groups 1, 2,5, 7, and 9



OHIO Results in Linkage Map, Group 4

UNIVERSITY

Whole Selection Selection

Population Phenotype Genotype
314 F 114 F

—ength cha 1253 111.8 30.9
similar Qrder 3= ar 100
g Censity 2.9 2.0 2.3

0—r—41 0 41 0 4 2
17 4.2 16 4.2 20 43
N 29—+nne
33 43 L0
= 44 44
39 992 56 7
57\| [/ 46 a1 4.4
2‘7‘ n Z‘—‘s‘ 59 45 58~] |45
69 46 6314 8 62~1-46
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74~J1-4°8 T 410 o148
8o~ -479 e o 4a?
83 T 410 77 4712 787,410
87 — 1~ 4_11 83 - 4_11
90 412 91 412
104 413
112 4 14
117 413
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There were no major differences for groups 1, 2,5, 7, and 9
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Results in Linkage Map, Group 6

Whole Selection Selection

Population Phenotype Genotype
314 F 114 F 113F
~ength cha 1122 &8_D L
=imilar Order 100 100
B Clensity 125 9.7 n2
0——6_1 0—~—6_1 0——6_1
4—T1—62 3162 4—7-6_2
15 6.3 13 6.3 14 6.3
24 6.4 20 64 24 6.4
30—165
35 6_5 36 6 6 37 65
43 6_6 48 67 47 6.6
56 6_7 N
68 68 67 6.7
77 6.8
96 6.9

112 —5—6_10

There were no major differences for groups 1, 2,5, 7, and 9
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Results in Linkage Map, Group 8

Whole Selection Selection
Population Phenotype Genotype
314 F 114 F 113F
—ength cii 559 19.4 181
Similar Order 2 100 100
&y Oensity 186 9.7 3.0
0—r—8.2 0 85 0 8 3
10 8 4 9 8.4
19 8.3 18 85
37 83
46 8 4
56 ——5—8 5

There were no major differences for groups 1, 2,5, 7, and 9
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Results in Linkage Map, Group 10

Whole Selection Selection

Population Phenotype Genotype
314 F 114 F

_ength o 122.9 104 7 109.1
similar Order 24 100 Bh
By Dlensity 6.1 a0 By

610 ol s 51104
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There were no major differences for groups 1, 2,5, 7, and 9
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Results — QTLs Detected:

Published study (Jones et al., 2004) Post-Hoc analysis
Linkage group 3 Linkage group 3 Linkage group 3
83.7 20.1 21.1 315! 59.7 11.13 26.4 315! 54.8 11.34 31.7 3 15!
Linkage group 4 Linkage group 4
107.8 3.34 3.2 4 11 16.4 3.22 5.2 42
Linkage group 5
14.8 3.64 8.4 52
Linkage group 6
108.6 3.44 3 b 2
Linkage group 10 Linkage group 10 Linkage group 10
66.6 17.96 20.7 10_11! 54.6 10.04 23.5 10_11! 58.3 5.31 13.1 10_11!
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Selective Mapping

Results — QTLs: SUMMARY

Whole Population Selective Selective
314 F, Phenotyping Genotyping

114 F, ]

Number of QTLs 4 4 2

detected

Number of Major 2 2 2

QTLs detected

Variance explained 48 % 64 % 45 %

by QTLs

Variance explained 42 % 50 % 45 %

only by major QTLs

Variance explained 21 % 26 % 32%

by the largest QTL

34
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SIATE Conclusions

» Selective mapping may affect the length of the linkage map

» Power of QTL detection based on selective mapping was not
affected for major QTL. Power to detect minor QTL (<10%) was
possibly reduced

» Mapping based on phenotypic selection explained a higher
proportion of variance; mapping based on selective genotyping
explained the same variance relative to the whole population

35



-
SIATE Conclusions

» Selective mapping based on phenotype is marginally more
powerful for detecting QTL than selective mapping based
on genotype

» Selective mapping based on genotype can have similar QTL
detection power relative to mapping using the whole
population

» Selective mapping is a valid strategy when resources are
limited

36
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