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1 Introduction

1.1 Aims

With the increasing use of markers in breeding @, it is important to develop decision
support tools to help breeders in implementing rtidarker-Assisted Selection (MAS)
project. OptiMAS has been developed with the padlésihto consider a multi-allelic context,
which opens new prospects to further acceleratetgegain by assembling favorable alleles
issued from diverse parents.

1.2 Principles

Algorithms have been deployed to trace parental Qileles identified as favorable

throughout selection generations, using informagoren by markers located in the vicinity
of the estimated QTL positions. Using these resypltsbabilities of allele transmission are
computed in different MAS schemes and mating des{grtercrossing, selfing, backcrossing,
double haploids, RIL) with the possibility of codsring generations without genotypic
information. Then, strategies are proposed to téhecbest plants and to efficiently intermate
them based on the expected value of their progenies

1.3 Functions

OptiMAS includes in a Graphical User Interface (gUthree different modules,
corresponding to the different steps of a selegiimyram (see Fig. 1):

- Step I Computation of genotypic probabilities - Estimaton of genetic values

The tool provides for each candidate individual grebabilities of being homozygous or
heterozygous for parental alleles at each QTL. 8asethe classification of parental alleles
into favorable and unfavorable categories, a mddecscore (expected probability of
favorable allele) is computed for each QTL. Indiatl molecular scores are then combined
into a global genetic value by assigning identaratlifferent weights to QTL. A colored view
of the molecular score table is displayed to idgmnore easily QTL for which a given
individual is already fixed or not. Graphs are gated to show the distribution of several
indicators (QTL molecular scores at individual QTglpbal genetic values...) and their
evolution over the different cycles of selection.

- Step 2 Selection of individuals

Different options are available to select candislaferuncation selection can be performed
based on (i) the above described genetic valuéj)a utility criterion which considers the
probabilities of obtaining superior progenies fallnog gametic segregation. QTL
complementation selection (Hospitt al, 2000) can be performed in order to prevent the
loss of favorable allele(s). Different lists of egfled plants can be compared via graphs
showing the distribution of above mentioned indicst All lists can be adjusted manually. A
visualization tool of the pedigree of the seleqtahts is also provided.

- Step 3 Identification of crosses to be made among select individuals
We implemented three simple cases: (i) half-didlkeiween selected candidates, (ii) “better-
half” strategy (Bernard@t al, 2006) which consists of avoiding crosses betwssacted



individuals with the lowest scores or (iii) fact@ridesign between two lists of selected plants.
Constraints on the contribution of parents or o eximum number of crosses to be done
can be applied. In each case, OptiMAS computesettpected molecular score of the
progeny. A graph is automatically generated showingew of the crosses to be done.

Decision support application for MARS: OptiMAS

Pedigree / Genotype J Genetic map ‘J
[ |
Algorithms to compute probabhilities of IBD allele transmission
throughout generations of selection
]
o
Estimated genetic values -i
17 (Hormozygous +-, heterozygous, Probability of founder alleles)
v
Manual, Truncation selection L.

QTL complementation selection [ Selected individuals E
=
| e

T ¢ # L

Half—dlallel_, Bettgr—Half, Selfing, HD, S50
Factorial design
| e
o - -0 - - -0, D -C ey o
Expected value of progeny i 'fu
Selected crosses Selecm.zd mdnnd_als for
variety creation b

Figure 1: OptiMAS GUI functionalities

2 Installation procedure

OptiMAS installable versions are distributed to runder most moderrGNU/Linux,
Windows (XP/7) andMacOSX (10.5 or later with Intel processor) systems. &eaote that
extensive testing has only been done under Lineadi-to-use binaries installation packages
and the source code, which you are welcome to atteoncompile on your favorite platform,
are available viattp://moulon.inra.fr/optimas

Two versions of the tool have been developed. Titet dne, called "optimas" manages
computationally intensive processes for step turs in command line and is written in C-
ANSI language. The second version integrates tpeoGram and additional functionalities to
display results and facilitate breeding decisionthiw a Graphical User Interface named
"optimas_gui" coded in C++ using Qt, Qwt & Graphliiraries.



2.1 OptiMAS in command line

If you are dealing with huge amount of data or clemMARS schemes, it could be better for
you to use OptiMAS in command line (on a serverdrample) and then reload the results
folder via the GUI (see section 5.5).

2.1.1 Windows (32 bits)

The executable comes in a zipped file. Extractiiihwour favorite file archiver software (e.g.
7-zip). This will create a new directory called tiopas_cmd_win". Move to this directory via
the terminal application (click o8tart > Execute > type "cmd" > OKbefore attempting to
run the program (for example):

> cd Desktop\optimas_cmd_win

To run the program, you must supply 2 input files. Instructions famvhto prepare the input
files are given below (see section 3). Two inpld &xamples (input directory) are supplied
with the software. You can run the program on te €xample data supplied by typing (see
section 4.1 for more details about the parametaiogtions):

> optimas.exe input\blanc.dat input\blanc.map 000Q00.0 output\run_blanc 0 verb

Make sure that both "optimas.exe" and the "inpatidr with the examples are in the current
directory. The program will output a summary of tiesults in the folder output\run_blanc.
Open the file "tab_scores.txt" to see the genotypices calculated for the plants present in
the dataset.

2.1.2 Linux (32/64 bits)

To build and install "optimas" in command line on your system, extride zipped file
"optimas_cmd_linux.zip" by typing (for example):

$ unzip optimas_cmd_linux.zip

This will create a new directory called "optimas ccriinux”. Then, open a terminal, move to
this directory before attempting to run the progi@md run the installation shell (bash) script:

$ ./install_optimas_on_linux.sh --no-gui

As root (or sudoer), it will perform an installation foll asers in /usr/local/bin/optimas. The
input/output file examples will be stored respeelyvin /usr/local/share/OptiMAS/input and
/usr/local/share/OptiMAS/output.

As a common user it will perform a local install in user's persondirectory
$HOME/bin/optimas. The input/output file examplesillwbe stored respectively in
$HOME/OptiMAS/input and $HOME/OptiMAS/output.

You can now run optimas from a terminal by typingtimas or /usr/local/bin/optimas or
$HOME/bin/optimas.



Note it is not necessary to specify the complete ffatie binary "optimas” is present in the
PATH environment variable.

To run the program, you must supply 2 input files. Instructions fawhto prepare the input
files are given below (see section 3). Two inplg &xamples (input directory) are supplied
with the software. You can run the program on #st tlata supplied by typing as an example
(see section 4.1 for more details about the paemmand options):

$ optimas $HOME/OptiMAS/input/blanc.dat SHOME/Op#@/input/blanc.map 0.0000C1
0.0 $HOME/OptiMAS/output/run_blanc 0 verb

The program will output a summary of the resultdha folder "run_blanc”. Open the file
"tab_scores.txt" to see the genotypic values caledlfor the plants present in the dataset.

To uninstall OptiMAS, run the script uninstall_apais.sh located in the same directory as
optimas.

2.1.3 Mac OS X (32 bits)

The executable comes in a zipped file. Extracttihwour favorite file archiver software (e.g.
Archive Utility). This will create a new directorgalled "optimas_cmd_mac". Move to this
directory via the terminal applicatioAgplications > Utilities > Terminal before attempting
to run the program (for example):

$ cd Desktop/optimas_cmd_mac

To run the program, you must supply 2 input files. Instructions famvhto prepare the input
files are given below (see section 3). Two inpld &xamples (input directory) are supplied
with the software. You can run the program on #st tata supplied by typing (see section
4.1 for the details about the parameters and agtion

$ optimas input/blanc.dat input/blanc.map 0.0000@1output/run_blanc 0 verb

Make sure that both "optimas" and the "input” foleéth the examples are in the current
directory. The program will output a summary of tiesults in the folder output\run_blanc.

Open the file "tab_scores.txt" to see the genotypices calculated for the plants present in
the dataset.

2.2 OptiMAS Graphical User Interface (GUI)

As ready-to-use binaries installation packages mmvided for Windows and MacOSX
platforms, we will only describe the steps for caing OptiMAS binaries on GNU/Linux
systems. More details on the building and instaltainstructions from the sources for all
supported systems are described in the INSTALL file

2.2.1 Windows (32 bits)

To set up OptiMAS on your Windows computer, doutliek on the install file i.e.
optimas_win_x86 vl 12 06 0l.exe (i.e. version 1,Jume 2012) and follow the Wizard



procedure. By default, OptiMAS will be installed itC:\Program Files\OptiMAS" for
Windows XP or "C:\Program Files (x86)\OptiMAS" fd¥indows 7. A new folder named
"OptiIMAS" containing the two data set examples Wwél created in your home directory.

You can now launch OptiMAS interface via the "stagnu” or the desktop shortcut.

2.2.2 Linux (32/64 bits)

The software has been tested on Debian, Ubuntiéreddra. We strongly recommend to have
g++, make, Qt, gwt and graphviz installed via tteekage manager of your GNU/Linux
distribution (aptitude/apt on Debian and Ubuntuywm on Fedora).

Building prerequisite

1. GNU compiler collections (version 4.0.1 or |atéuttp://gcc.gnu.org/

2. Qt development package (version 4.4.3 or laketp://gt.nokia.com/products/

3. gwt development package (version 5.1.2 or laleip://sourceforge.net/projects/qwt
4. graphviz development package (version 2.20later): http://www.graphviz.org/

e.g.

- Debian/Ubuntu platformsapt-get install make g++ libgt4-dev libgwt5-qt4-déwgraphviz-
dev

- Redhat/Fedora/CentOS platfornysim install make gcc-c++ qt4-devel qwt-devel graghv
devel

To build and install "optimas_gui" GUI on your system, extract the zgbpéle
"optimas_gui_linux.zip" by typing (for example):

$ unzip optimas_gui_linux.zip

This will create a new directory called "optimasi_dgjaux". Then, open a terminal, move to
this directory before attempting to run the progi@md run the installation shell (bash) script:

$ ./install_optimas_on_linux.sh

As root (or sudoer), it will perform an installation foll asers in /usr/local/bin/optimas_gui.
The input/output file examples will be stored regpely in /usr/local/share/OptiMAS/input
and /ustr/local/share/OptiMAS/output.

As a common user it will perform a local install in user's persondirectory
$HOME/bin/optimas_gui. The input/output file examplwill be stored respectively in
$HOME/OptiMAS/input and $HOME/OptiMAS/output.

Note if the installation script fails in finding qwtnd/or graphviz libraries paths on your
system, you can specify them in the config.in {#ee INSTALL and README files for
more details).

You can now launch OptiMAS interface from a ternhinaoptimas_gui or
/path/to/optimas_gui or double-click on optimas_iguyour file browser.



Note it is not necessary to specify the complete phttihe folder including the binary
(optimas_gui executable) is present in the PATHrenment variable.

To uninstall OptiMAS, run the scriptninstall_optimas.shlocated in the same directory as
optimas_gui and optimas.

2.2.3 MacOSX (32 bits)

After downloading the application (optimas_gui.gpp)install it, you just need to drag it in
your “Applications” folder (/Applications). Thenalinch OptiMAS by double-clicking on the
optimas_gui icon present in your file browser. Avnolder named "OptiIMAS" containing
the two data set examples will be created in yamd directory.

2.3 Files and directories description

Organization and description of the files that hdeen installed or supplied within the
software package:

README: this file.
- INSTALL: building and installation instructions.
- COPYING |icense.
- AUTHORS: list of authors.

- optimas/ --> sources code to build optinmas command |ine executabl e.

doc/ --> user manual /tutorial in PDF fornat.

input/ --> input sanple data (genetic map & genotype/ pedi gree).

+ noreau. dat & noreau. map) --> biparental input files exanple.

+ bl anc.dat & blanc.map --> multiparental input files exanple.

output/ -->results data obtained froma further analysis
| (can be reloaded in the GU ).

+ noreau/ --> biparental exanple ready to be anal yzed.

+ blanc/ --> nultiparental exanple ready to be anal yzed.

optimas & optinmas_gui --> Opti MAS command |ine & GUI execut abl es.

+— +— " +——— " 4+ +
h h h h h

- -
I

+

I

+

|

+

|

+

|

+- optimas_gui/ --> sources and other files to build Opti MAS GUI .
|

I

|

I

|

I

|

I

|

I

|

I

|

I

|

I

|

I

| website/ --> local htm version of the docunentation/tutorial.
|
+-

install _optimas_on_linux.sh --> installation shell script for Linux system

3 Data preparation

To run the program, you must supply two input filgenotypes/pedigree file and the map
file) containing all information about your MAS dgs. Examples of these files (e.qg.
moreau/blanc.dat & moreau/blanc.map) are suppliethirw the user's home directory



[fluser_name/OptiMAS/input/] for biparental and npdrental designs. Note that both files
must be in plain-text, tab-delimited format andtttree markers present in the map file must
be ordered and match those in the genotypes/pedfiee To analyze your own data, you
must prepare the input files in the appropriatemimr (as described below). Note that
OptiMAS does not check that your input files anecHy conform to their expected format.
This may lead to errors not necessarily detectaplie software.

3.1 Genotypes / Pedigree file (.dat)

The genotypes/pedigree file should contain indigldupedigree information and genotypic
data. It also requires a header line specifying ittfermation in each column. The file
organization will be exemplified below for the f@lVing MAS pedigree.

a b c d

w (wr ) (2] = (4 )
F1 IL1_IL2_F1] [ab] [c,d] (IL3_IL4_F1) CR
04 JSelfing X {Selfing
2 o5 o s

/

et abcal R

Figure 2: example of a multiparental design

The default structure for the input file (corresgimy to Fig. 2 above) can be represented as
follows:

Id P1 P2 Step Cycle Group Mkl Mk2 Mk3

IL1 a a IL | IL - T C | A [1]
IL2 b b IL | IL - C C G

IL3 c c IL | IL - T cC |A

IL4 d d L IL - T cC |G ..

IL1 IL2_ F1 | IL1 IL2 CR | F1 .2
IL3_IL4 F1  IL3 IL4 CR F1

IL1 IL2 F2 |IL1_IL2 F1 | IL1 IL2 F1 | S1 | F2 - T c| A [3]
IL3 IL4 F2 IL3 IL4 F1 IL3 IL4 F1 S1 F2 - T C | GIA

Ind1 IL1_IL2 F2 | IL3 IL4 F2 | CR| C1 | Earl| T - G/A [4]
Ind2 IL1_IL2_ F2 IL3 IL4 F2 CR Cl1  Ear2 (5]

The genotype/pedigree file must be iplain-text, tab-delimited format (no space between
fields). The header should not be changed even if the 2 amtal columns (Cycle/Group)
are left blank (or "-").

After the header line, each line contains the n@djeof the current individual followed by its
parents (P1/P2), the pedigree relationship linkimg two generations (Step), assignation to
cycle and group (if relevant) and the genotypintaddlkl-Mkn). Note that this format is
very close to the input format of ti¢apjacksoftware except that five additional columns (in
red) must be added.



Columns of this file correspond:to

Id: corresponds to the name of each individual codeal éharacter string without any blanks
and special characters. It must be unique.

Parent 1, Parent 2:correspond to the name(s) of the parent(s) ointthe@idual (must exist as
individuals above in the file except for founderrgrds). Individuals must be ranked
according to generations (from oldest to most rgcen

Founder parents of the program ([1] in table) asumed to be homozygous lines with no
residual heterozygosityTheir pedigree is assumed to be unknown. Parpatént2 columns
indicate in this case the allele that will be trartted through generations. This allele is
identified as a single character. OptiMAS can diamdle selection schemes starting from
heterozygous individuals (e.g. fruit tree breedirig)this case two virtual inbred lines must
be defined for each heterozygous founder (desctibeaas a Cross, see below).

Step: corresponds to the pedigree relationship betweemtdividual and its parent(s):
CR (Cross): indicates that the individual results from a crbssveen its two parents.

Sn: indicates that the individual results from n (ge#e between 1 and 20) generations of
selfing of its parent (in this case the two parédtsiust be identical).

RIL: Recombinant Inbred Lines (assumes that the indalidesults from an infinite number
of selfing generations from an initial F1 hybrid).

DH: Double Haploids (assumes that the individual tesiubm haplo-diploidisation from an
initial F1 hybrid).

IL: indicates founder inbred status (see above).

Cycle: optional information regarding the generationhe program (e.g. first cycle, second
cycle, F2, F4, etc).

Group: optional information regarding another classifi@at criterion (e.g. subprograms,
families, etc).

Mk1-Mkn: genotyping results. The software can deal with §NRicrosatellites and any
bi/multi allelic marker genotyping technique withither dominant or codominant scoring.
Note that:

The markers present in the genotype/pedigree filstrhe ordered and match those in the
map file (same name and number of markers).

Homozygous genotypes for an allele (e.g. A) casdoeed either as A or A/A.

Heterozygotes are expected to be separated by(a.ty"" A/G). Heterozygous genotypes are
assumed to be unphased (i.e. A/B equivalent to.B/A)

Missing data at marker loci are allowed and mustttered as "-" (or can be left blank).

For dominant markers, assumiAgdominant vsa recessive, genotypes presenting alkele
must be coded\/-.

Parental inbred lines should not contain missirtg.da

! Note that residual heterozygosity can be declatedarkers (not QTL), however using this optionustide
discouraged due to loss of information.



Description of the genotypes/pedigree file exampierelationship with the multiparental
MARS schema (see table abave)

[1] Parental line whera is the name given to its alleles (same name fdoa@l).

[2] Example of a hybrid F1 obtained by intercrossiwmg parental lines. In this case, the
genotype is inferred from parents and does not tabe declared.

[3] Plant issued from a selfing process. The naméetwo parents is the same in this case.
S1 means that this individual was obtained aftex ganeration of selfing. The number of
generation(s) can vary.

[4] Plant issued from the cross between two indivisl§ad this case, two F2 coming from
different parental lines) already declared and ggyed. In this case, the four parental alleles
may have been transmitted to this individual.

[5] Plant, without genotyping data information, issueodm the cross between two F2
individuals. All possible genotypes will be consiglg to evaluate the genetic value of this
plant.

Given the possibility to include non genotyped individuals(e.g. Ind2), this makes it
possible to analyze most common MAS schemes andhgndesigns. So, if several (non
genotyped) steps were required to obtain a speuifiovidual, we must generate virtual
individuals in these intermediate steps.

3.2 Genetic Map (.map)

The aim is to create a "target genotype" (ideotypith all the favorable alleles at the QTL
positions. So, before running OptiMAS it is necegstb define the parental alleles to
assemble (see table below). The map file is supgdiethe user to specify the information
regarding markers, QTL and identification of favaenalleles, issued from a QTL mapping
analysis (possibly considering several traits, mments, etc).

The QTL position is rarely located at a marker; samuently QTL alleles are unknown and
must be inferred from flanking markers. Thus, itvery important toselect a subset of
markers as informative as possible (especially in afti-parental context) to follow the
favorable parental alleles (based on haplotypesThe number of markers selected per QTL
should be in the range of 2-6 in order to avoi@msive computation time (more progress in
this area will be made in the next version).

In this file, each QTL region is characterized I testimated position of the QTL, the
identification of the parent carrying the favoralaléele and the names and positions of the
markers that will be used to compute the allelegnaission.

Locus Chr QTL Pos All+ In red are columns/lines to add which differ from
Markerl 1 1 42.2 the Flapjack format.
Marker2 1 1 64.0

gtlil 1 1 70.0 a

Marker3 1 1 72.5

Marker4 1 1 90.8

Markerb5 1 2 237.1

Marker6 1 2 252.2

gtl2 1 2 254.0 b/c

Marker7 1 2 259.5

Marker8 1 2 274.8

10



Locus: name of markers/QTLThe name of the QTL must start with "qtl" (e.g.
gtl_umclil, qtl_1 ...) and therefore the other naaresby default considered as markers. The
only constraint on names is to avoid blank in cbirachain.

Chr: index (numerical value) of the chromosome wheeentlarker/QTL is located.

QTL: affiliation of markers to QTL (e.g. 4 markers Mark/Marker2/Marker3/Marker4 are
used to follow allele transmission for QTL 1). Imés for each QTL must be unique,
continuous (no gap in list) starting at 1 and icessling order along the genome.

Pos: relative chromosomal position of loci. For QTL,jsths the estimated QTL position
coming from the QTL detection results. Positionshef different loci must be obtained using
the Haldane's mapping function (i.e. by assumingterference).

All+: identification of the parental allele(s) consiakrs being favorable. For QTL 1, the
favorable allele "a" refers to the parental linened "IL1" (see columns "P1"/"P2" of the
genotype/pedigree file). For QTL 2, "b/c" refersptarental lines (IL2 and IL3) which can be
considered as favorable relatively to other patdimas.

Note

Never change the header field names (Locus/Chr/Rdd/All+).

It is recommended to code parental alleles ("Attelumn) by only one character (e.g. a, A, b,
1..).

Check thatdecimals are 0.0@&nd not 0,00for the loci/QTL positions column ("Pos").

Both the map and the genotype/pedigree files meshiplain-text, tab-delimited format.
So, use_tabulationand not spaces between fieldée.g. markerl{tab}1{tab}1{tab%2.2 or
gtl1{tab}1{tab}1{tab} 70.0{tab}a).

The markers present in this map file must be orderé and match those in the
genotype/pedigree file (same number of markers, onlQTL are added).

4 OptiMAS in command line

OptiMAS command line version manages computatignatensive processes corresponding
only to the step 1 operation (see Fig. 1). Theltesund output files produced at the end of the
run (exemplified below) can then be reloaded vea@tJl (see section 5.5).

4.1 Running OptiMAS in command line

For the three different operating systems you wéked to specify a list of 6 mandatory
arguments (1-6) (plus one is optional argumento7#un optimas command line executable
(for example):

$ optimas input.dét input.maff’ 0.00000%! 0.0* output_folder! 0 vert”

[1] - Input file: path to the genotype/pedigree fjldat).
[2] - Input file: path to the genetic map/QTL pamit input file (.map).
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[3] - Algorithm parameter: cut-off (float number,000001 by default), genotypic probability
below which a rare phased genotype (diplotype séiaiton below) is removed and no more
considered in subsequent computations.

[4] - Algorithm parameter: cut-off (float number,00by default) for gametic probability. It
corresponds to the probability that the numberrogsovers expected in the region between
flanking markers exceeds a given value. Thus, ahligametes with number of crossovers
over this value are removed and no more considarsdbsequent computations. Use of this
option with values up to 0.01 is recommended ire gaany flanking markers per QTL lead to
high computation time with default option.

[5] - Output folder: path to the output folder whehe results will be stored (see section 4.2
for output description) the name of this directoryst be changed from one run to another.

[6] - Algorithm parameter: 0 (by default), all t@TL present in the input files will be
analyzed. 1-n (integer number), if you want to thue computations for a specific QTL.

[7] - Algorithm option: verb (optional here but wséy default in the GUI version) for
verbose mode. Verbose mode creates two files pdr @oSition, reporting respectively
gamete and diplotype probabilities for all indivadist

4.2 Results and output files interpretation

As the program continues to run, it keeps you mfed of progress. At the end of a run,
questionable results (likely genotyping error relyay pedigree) may be displayed in the file
[output_folder/date/events_summary.log]. It is moeended to always look at it before any
interpretation and/or breeding decision (see secli@.7). OptiMAS produces sets of files
described below.

4.2.1 _diplotypes_set: probabilities of phased genotypes

Taking into account all information available (pgie, distance between loci, molecular
markers), OptiMAS computes for each QTL the prolighof all possible phased genotypes
(diplotypes). A diplotype is defined as the unioh a pair of unambiguous haplotypes
corresponding to parental gametes.

Results for each QTL (designateddsare stored in a specific folder named XgtlFiles
[output_folder/date/each_qtl/gthtlx_diplotypes_set.txt] contain probabilities for diplpes
according to the following structure:

#QTL Id haplol hapla2 readl read?2 proba nb haplo
1 IL1 a.a.apa.a a.a.apa.a T.C.?}a.C T.C.?pA.C 1.000000 1

1 IL2 b.b.bib.b b.b.bib.b C.C.2)G.C C.CH20G.C 1.000000 1

1 IL3 C.C.QkC.C C.C.8sC.C T.C.2.4.C T.C.3.4.C 1.000000 1

1 IL4 d.d.dfd.d d.d.dfd.d T.C.?28G.C T.CI3G.C 1.000000 1

1 IL1 TL2 F1 a.a.afa.a b.b.bib.b T.C.2§Aa.C C.CH20G.C 1.000000 1

1 IL3 IL4 F1 c.c.gpc.cC d.d.dfd.d T.C.2.4.C T.C.3.G.C 1.000000 1

1 IL1_IL2 F2 a.a.ata.a a.a.apa.a T.C.3}A.C T.C.3A.C  0.689520 24 [11
1 IL1 IL2 F2 a.a.afa.a a.a.aka.b T.C.2.4.C T.C.?.4.C 0.249585 24

1 IL1 TL.2 F2 a.b.bfa.a a.b.bfa.a T.C.2§a.C T.C.3Aa.C 0.000020 24

1 IL1 ILZ2 F2 a.b.bfa.a a.b.bfa.b T.C.z7.4.C T.C.2.L.C 0.000007 24

1 IL3_IL4 F2 c.c.gpc.c c.cjefd.c T.C.%?RA.C T.CI9G.C 0.001863 189

1 I.L3 T4 F2 c.c.gjc.c c.c.ecfid.d T.C.2§a.C T.C.3¢G.C 0.0102582 189
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1 IL3 IL4 F2 c.c.gpc.C d.d.d.d.d I.C.?.A.C T.C.2:G.C 0.411757

1 IL3 IL4 F2 d.d.d.c.d d.d.dfd.c T.C.?k4.C T.C.?.G.C 0.000337

1 IL3 TL4 F2 d.d.djec.d d.d.gfd.d T.C.?fA.C T.C.?G.C 0.001863

1 Indl d.8.8:2.3 c.c.chd.C I.C.?.A.C I.C.2.G.C 0.007226 &
1 Indl a.a.afa.a c.c.jefd.d T.C.?RA.C T.C.?,G.C 0.0206822 118
1 Indl a.a.afa.a d.d.dfd.d T.C.?fA.C T.C.2G.C 0.376333 118
1 Indl a.b.bta.b d.d.dfd.c T.C.?f4.C T.C.?G.C 0.000120 118
1 Indl a.b.bla.b d.d.gfd.d T.C.?tA.C T.C.3G.C 0.000344 118
1 Indz a.a.afa.a C.C.CC.C T.C.?fA.C T.C.?R.C 0.1881l66 218
1 Ind2 a.a.afa.a c.cjefd.c T.C.?RA.C T.C.?,G.C 0.003613 218
1 Indz a.b.bla.b d.d.dfc.d T.C.?fA.C T.C.?R.C 0.000003 218
1 Indz a.b.pbja.b d.d.gfd.d T.C.24.C T.C.2.G.C 0.000172 218

Figure 3: probabilities of phased genotypes (diplgipes) i‘or each indivijal at QTL1

Columns of this file correspond:to
#QTL: index of the QTL.

Id: corresponds to the name of each individual.

haplol, haplo2: possible pair of haplotypes (ie. phased genotyfs® ealled diplotype)
defined according to parental origin.

readl, read2:translation of haplol and haplo 2 in terms of obsg marker alleles. Note that
a given (readl, read2) combination may corresporsgveral (haplol, haplo2) combinations.

proba: probability of this specific possible phased ggpet(diplotype).
nb_haplo: number of possible diplotypes corresponding tantheidual.

Note At the QTL 1, the individual IL1 IL2_F2 has 24 gsible phased genotypes. One of
them [1], which is the most likely given observedriker data, has a probability of 0.69. This
genotype is (a/a) at the QTL position (3rd loce map file) and its full genotype (all loci:

QTL and associated markers) is aaaaa/aaaaa. Tiveual Ind2 has more possible phased
genotypes than Indl (Indl - 118, Ind2 - 218) beeatisvas not genotyped (all possible
diplotypes are considered).

4.2.2 _gametes_set: probabilities of gametes

The previous section underlined all the possibleaspd genotypes, along with their
probabilities, taking into account the pedigreenafividuals and their genotypes. With this
information, OptiMAS determines, at each QTL, the of possible gametes produced by
each individual and estimates their probabilities.

Results for each QTL (designated sare stored in a specific folder named XgtlFiles

[output_folder/date/each_qtl/gtftix_gametes set.txt] contain probabilities for gametes
according to the following structure:
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#QTL Id gamete read proba nb gam
1 IL1 a.a.aja.a T.C.2}A.C  1.000000 1

1 IL2 b.b.b{b.b  C.C.2}G.C  1.000000 1

1 L3 c.c.ghe.c T.C.?}2.C  1.p000000 1

1 IL4 d.d.dfd.d T.C.?2}G6.C 1.000000 1

1 IL1 IL2 F1 a.a.aja.a T.C.2}A.C  0.320842 32 [1]
1 IL1 IL2 F1 a.a.apa.b T.C.3}A.C  0.058067 32
1 IL1 IL2 F1 b.b.blb.a C.C.3}G.C  0.058067 32
1 IL1 IL2 F1 b.b.bib.b C.C.30G.C  0.320842 32
1 IL3_IL4 F1 c.c.cpc.c T.C.20A.C  0.320842 32
1 IL3 IL4 F1 d.d.dyd.d T.C.30G.C  0.320842 32
1 IL1_IL? F2 a.a.apa.a T.C.2}A.C  0.830127 8

1 IL1 IL? F2 a.a.apa.b T.C.3}A.C  0.150240 8

1 IL1_IL? F2 a.b.bja.a T.C.3}A.C  0.004207 8

1 IL1 ILZ F2 a.b.bpa.b T.C.3}A.C  0.000758 &

1 IL3_IL4 F2 c.c.cjc.c T.C.2}A.C  0.226658 32
1 IL3 114 F2 c.c.gpd.c T.C.30G.C  0.004352 32
1 IL3_IL4 F2 d.d.djc.d T.C.2}A.C  0.004352 32
1 IL3 114 F2 d.d.dyd.d T.C.3,G.C  0.226658 32
1 Indl a.a.aja.a T.C.2}A.C  0.266346 384
1 Indl a.a.aja.c T.C.2}A.C  0.014774 384
1 Indl d.b.bja.b T.C.2}A.C  0.000034 384
1 Indl d.b.bjd.b  T.C.3}G.C  0.000000 384
1 Ind2 a.a.apa.a T.C.3}A.C  0.266346 576
1 Ind2 a.a.aja.c T.C.2}A.C  0.028464 576
1 Ind2 d.b.bic.b T.C.2}A.C  0.000000 576
1 Ind2 d.b.pbd.b T.C.2}G.C  0.000000 576

Figure 4: probabilities of gametes for each individal at QTL1

Columns of this file correspond:to
#QTL: index of the QTL.

Id: corresponds to the name of each individual.
gamete:possible gamete defined according to parentglrori

read: translation of gamete in terms of observed masakletes. Note that a given read may
correspond to several gametes.

proba: probability of this specific possible gamete.
nb_gam: number of possible gametes corresponding to thgidual.

Note At the QTL number 1, the individual IL1_IL2_F1 $va probability of 100% to be
heterozygous aaaaa/bbbbb (see section 4.2.1)isledbke, the five loci are heterozygous and
the number of possible gametes i 2 32. These 32 possible gametes have different
probabilities depending on the recombination ratedculated from genetic distances
(Haldane's map function used). The highest proitabd that of non recombinant gametes
(0.32 for both "aaaaa" and "bbbbb").
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4.2.3 tab_homo_hetero: probabilities to be homozygous or heterozygous
at the QTL positions

4.2.3.1based on favorable / unfavorable allele grouping

Based on the phased genotype informatiorx (eplotypes_set files), the probabilities to be
homozygous / heterozygous, at the QTL positions, caamputed according to favorable /
unfavorable grouping of founder alleles (i.e. IL'&®, IL2- "b", IL3 - "c", IL4- "d").

The structure for this file [output/date/tab_hometéno.txt] can be represented as follows:

Id MS Al Al Al QTL1 QTL1 QTL1 QTL2
(+/+) (-I-) (+-) (+/+) (-I-) (+-) (+/+)
IL1 0.33333| 0.33333 0.66666 0.000001.00000 0.00000/ 0.00000 0.00000 ... | [2]
IL2 0.33333 0.33333 0.66666 0.00000 0.00000 1.00000 0.00000 1.00000 ...
IL3 0.33333) 0.33333 0.66666 0.00000 0.00000 1.0000@0000 1.00000
IL4 0.33333 0.33333 0.66666 0.00000 0.00000 1.00000 0.00000 0.00000 ...

IL1_IL2_F1 | 0.33333 0.00000 0.33333 0.66666 0.0000000000, 1.00000 0.00000
IL3_IL4_F1 0.33333 0.00000 0.33333 0.66666 0.00000 1.00000 0.00000 0.00000 ...
IL1_IL2_F2 | 0.66137 0.65614 0.33333 0.01047 0.98685800003 0.01335 0.98184

IL3_IL4_F2 0.58105 0.49645 0.33422 0.16919 0.00000 0.99996 0.00000 0.89854 ... | [1]
Ind1 0.58804, 0.31309 0.13700 0.54989 0.00000 0D0687.99328 0.93928 .|. [3]
Ind2 0.62126 0.31309 0.07055 0.61634 0.00000 0.00670 0.99328 0.93928 ...

Columns of this file correspond:to

QTL x (+/+): probability to be homozygous for a favorable allat the QTL position or to be
heterozygous with two different favorable alleledén several parental alleles are considered
as favorable).

QTLx (-/-): probability to be homozygous for an unfavorablelelat the QTL position or to
be heterozygous with two different unfavorable laBe(when several parental alleles are
considered as unfavorable).

QTL x (+/-): probability to be heterozygous at the QTL positijone favorable allele with one
unfavorable).

All(+/+), All(+/-), All(-/-): mean of previous probabilities for all QTL togeth

MS (Molecular Score): expected proportion of favorable alleles overcalL (MS=All(+/+)
+ 0.5All(+/-), see section 4.2.4).

Note

[1] Individual IL3_IL4 _F2 has a probability of 0.996 to be homozygous unfavorable at
QTL1. The sum of the probabilities (QTLL1(+/+) + QI/-) + QTL1(+/-)) is not 1.0 because
some rare phased genotypes were removed via thefdut default (see section 4.2.6).

[2] The individual "IL1" has a molecular score 0f383 because it is 100% homozygous
favorable for the QTL1 and 0% for the two other QTL

[3] Individual "Ind1" has a MS of 0.588 considerimjormation at all three QTL:

Id MS All All All QTL1 | QTL1 | QTL1 | QTL2 | QTL2  QTL2 | QTL3 | QTL3 | QTL3
(+/+) (-/-) (+/-) (+/+) (-/-) (+/-) (+/+) (-/-) (+/-) (+/+) (-/-) (+/-)
Indl1 | 0.588 0.313 0.137 0.549 0.000 0.006 0.993 9.930.000 | 0.060 0.000 0.403 0.595
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4.2.3.2in terms of parental alleles

In a multi-allelic context, several parental alfelean be regrouped and considered as
favorable at the QTL position (see the summarizdaet above). Nevertheless, it can be
interesting in some cases to know the detailedghitibes of the possible genotypes in terms
of the parental origin of alleles.

Results for each QTL (designateddsare stored in a specific folder named XgtlFiles
[output_folder/date/each_qtl/gthtlx_homo_hetero.txt] contain details about parentkdleal
origins at QTL positions according to the followisigucture (QTL 2 example):

I L1

Homo(+/+) = 0.000000

Het ero(+/-)= 0.000000

Hono(-/-) = 1.000000 a:a = 1.000000
L2

Hono(+/+) = 1.000000 b:b = 1. 000000
Het ero(+/-)= 0.000000

Homo(-/-) "= 0. 000000

L3

Homo(+/+) = 1.000000 c:c = 1.000000
Het ero(+/-)= 0. 000000

Homo(-/-) = 0.000000

| L4

Honmo(+/+) = 0.000000

Het ero(+/-)= 0.000000

Hono(-/-) = 1.000000 d:d = 1. 000000
IL1 IL2_F1

Honmo(+/+) = 0.000000

Het ero(+/-)= 1. 000000 a:b = 1. 000000
Homo(-/-) "= 0. 000000

IL3_IL4_F1

Hono(+/+) = 0.000000

Het ero(+/-)= 1. 000000 c:d = 1. 000000
Homo(-/-) "= 0.000000

IL1 L2 _F2

Hono(+/+) = 0.981847 b:b = 0.981847
Hetero(+/-)= 0.018057 a:b = 0.018057
Hono(-/-) = 0.000082 a:a = 0.000082
IL3_IL4_F2

Hono(+/+) = 0.898542 c:c = 0.898542
Het ero(+/-)= 0.098733 c:d = 0.098733
Hono(-/-) = 0.002710 d:d = 0.002710
I nd1

Hono(+/+) = 0.939286 b:c = 0.939286
Het ero(+/-)= 0. 060239 a:c = 0.008636 b:d = 0.051602
Hono(-/-) = 0.000474 a:d = 0.000474
I nd2

Hono(+/+) = 0.939286 b:c = 0.939286
Het ero(+/-)= 0. 060239 a:c = 0.008636 b:d = 0.051602
Hono(-/-) = 0.000474 a:d = 0.000474

Note at QTL2 position, favorable alleles are "b" awct (see .map file). Individual "Ind1" has
a very high probability to be homozygous favoraltemo(+/+) = 0.939286. We can see that
this is due to a high probability of being hetergays for favorable alleles "b" and "c" (b:c =
0.939286).
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4.2.4 tab_scores: prediction of genetic value

This table summarizes and presents the molecutaesdor each/all QTL and additional
indexes of interest. The default structure of thés[output_folder/date/tab_scores.txt] can be
represented as follows:

Id MS  Weight UC | No.(+/+) No.(-/-) | No.(+/-) | No.(?) QTL1 | QTL2 | QTL3

IL1 0.3333 0.3333 1.0000 1 2 0 0 1.0000 0.0000 @GO
IL2 0.3333 0.3333 1.0000 1 2 0 0 0.0000 1.0000 0.0000
IL3 0.3333 0.3333 1.0000 1 2 0 0 0.0000 1.0000 @O
IL4 0.3333 0.3333 1.0000 1 2 0 0 0.0000 0.0000 1.0000
IL1 IL2_F1 0.3333 0.3333  1.7071 O 1 2 0 | 0.5000| 0.5000 0.000C
IL3_IL4 F1 0.3333 0.3333 1.7071 0 1 2 0 0.0000 0.5000 0.5000
IL1_ IL2_F2 0.6613 0.6613 1.9841 2 1 0 0 0.9932 089 0.0000
IL3_IL4_ F2 05810 0.5810 1.7431 1 1 0 1 0.0000 0.9479 0.7952
Ind1 0.5880 0.5880 2.4712 1 0 1 1 0.4966 0.9694 98M2
Ind2 0.6212 0.6212 2.5709 1 0 2 0 0.4966 0.9694 0.3977

Columns of this file correspond:to

QTL x: expected proportion of favorable allele (as definéter grouping) at QT#, i.e. 1, 0.5,
0.0 for individuals with genotypes +/+, +/- and, -fespectively (see table homo_hetero
section 4.2.3).

MS - Molecular Score: expected proportion of favorable alleles over @QIIL, i.e. the
average of QTk values. MS varies between 0 for an individual Wwhiloes not carry any of
the favorable alleles to 1 for an individual whishhomozygote for the favorable alleles (i.e.
it corresponds to the target genotype).

Weight (weighted MS): weighted average of QKkLvalues, to give more or less importance
to the different QTL (only used via the GUI).

UC - Utility criterion: combines the molecular score with the expecteihnee of the MS of
the gametes that can be produced by the individu@l.is based on the estimation of the
expected number of favorable alleles carried bysingerior 5% gametes produced by the
individual. For a same MS, this criterion favordiinduals with no unfavorable alleles fixed.
This score ranges from 0 to the number of QTL. Nb# present version of UC estimation
assumes independence between QTL and should belewtsas only indicative in case of
linked QTL. It also assumes that the distributiérscores can be approximated by a normal
distribution (which is not valid in case of smalimber of heterozygous QTL).

No.(+/+): number of QTL homozygous for favorable allelefs)given QTL is considered as
homozygous for favorable allele(s) when prob (#&%geeds a default threshold value of 0.75.
This threshold can be modified via the GUI (see B)gesulting in an update of this column.

No.(-/-): number of QTL homozygous for unfavorable allelefspiven QTL is considered as
homozygous for unfavorable allele(s) when prob) ekceeds a default threshold value of
0.75. This threshold can be modified via the Glgle(§ig. 9) resulting in an update of this
column.

No.(+/-): number of QTL heterozygous with both favorable anthvorable allele(s). A given
QTL is considered to belong to this category whesbp(+/-) exceeds a default threshold
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value of 0.75. This threshold can be modified i@ GUI (see Fig. 9) resulting in an update
of this column.

No.(?): number of QTL defined as uncertain. Concerns QTictv are not attributed to any
of the three previous categories.

Note: At QTL1, individual IL1 IL2 F1 has a 100% probatyil to be heterozygous
aaaaa/bbbbb (see section 4.2.1). The genotypesa@ifL position is "a/b" (3rd locus) and
"a" is the favorable allele. The molecular sconetfas individual will be: M%71 = [p("a/b")

x dose] /2 =(1x1)/2=0.5. The genetic vabiehe individual ("MS" column) is obtained
by averaging the molecular score for all QTL: M85 + 0.5+ 0.0) / 3 =0.33.

4.2.5 tab_parents: estimated probabilities of parental alleles

Beyond global scores presented above, it can laesting to display the probability of
having received a given parental allele at indigldQTL positions and globally across QTL.

The default structure for this file [output_fold#ate/tab parents.txt] can be represented as
follows:

Id MS Al Al All Al QTLL  QTL1  QTL1 QTL1
(@) (b) (©) (d) (@) (b) (©) (d)
IL1 0.3333 | 1.0000  0.0000 0.0000 0.0000 1.0000 @OO®.0000  0.0000
IL2 0.3333 0.0000 1.0000 0.0000 0.0000 0.0000 1.0000 0.0000 0.0000 ...
IL3 0.3333 | 0.0000  0.0000 1.0000 0.0000 0.0000 @OOGL.0000  0.0000
IL4 0.3333 0.0000 0.0000 0.0000 1.0000 0.0000 0.0000 0.0000 1.0000 ...
IL1_IL2_ F1 0.3333 0.5000 05000 0.0000 0.00000.5000 0.5000 0.0000 0.000Q..
IL3_IL4_ F1 0.3333 0.0000 0.0000 0.5000 0.5000 0.0000 0.0000 0.5000 0.5000 ...
IL1_IL2_ F2 0.6613 0.5992 @ 0.4007 0.0000 0.00000.9932 0.0067 0.0000 0.000Q..
IL3_IL4_F2 0.5810 0.0000 0.0000 0.5507 0.4491 0.0000 0.0000 0.4999 0.4999 ...
Ind1 0.5880 | 0.3328 | 0.1671 0.2332 0.26670.4966 0.0033 0.0237 0.4762
Ind2 0.6212 0.2996 0.2003 0.2754 0.2245 0.4966 0.0033 0.2499 0.2499 ...

Columns of this file correspond:to
QTL x(parental allelg: expected proportion of parental allele at QTL

All( parental allelg: average of QTLx values over all QTL.

MS (Molecular Score):expected proportion of favorable alleles over alLQ

4.2.6 tab_check _diplo: sum of phased genotypes probabilities (with the
cut-off)

Within OptiMAS, some algorithms such as selfing mlagcome memory and/or time
consuming depending on the complexity of your MASign. To overcome this "problem" it
is possible to use a cut-off on the probabilitykefeping a phased genotype (i.e. cut-off
diplotypes = 0.000001 by default). Thus, rare ptagenotypes are discarded in probability
computation, which considerably reduces the contjpumaime. At the end of a run, a file
[output_folder/date/tab_check_diplo.txt] is createdaluate the impact of cut-off on such
eliminations, at individual QTL locations and gldipaThe default structure for this file can
be represented as follows:
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Id MS Al QTLL | QTL2 & QTL3

IL1 0.333333) 1.000000 1.000000 1.000000 1.000000
IL2 0.333333 1.000000 1.000000 1.000000 1.000000
IL3 0.333333) 1.000000 1.000000 1.000000 1.000000
IL4 0.333333 1.000000 1.000000 1.000000 1.000000

IL1_IL2_F1 | 0.333333 1.000000 1.000000 1.000000 @OOO
IL3_IL4_F1 0.333333 1.000000 1.000000 1.000000 1.000000
IL1_IL2_F2 | 0.661379| 0.999948 0.999975 0.999987 0.999883
IL3_IL4_F2 0.581056 0.999879 0.999962 0.999985 0.999688
Indl1 0.588043| 0.999998 0.999996 0.999998.000000
Ind2 0.621266 0.999992 0.999983 0.999999 0.999994

Columns of this file correspond:to

QTLx: sum of the probabilities to be homozygous (un)falste and heterozygous at each
QTL position, as displayed in the file "tab_homatene.txt" (see section 4.2.3). When the
"QTL" column is close to one, the sum of probaiatitof removed diplotypes (via the cut-off)
is negligible.

All: refers to the mean for all QTL.

MS (Molecular Score):expected proportion of favorable alleles over alLQ

4.2.7 events_summary.log: questionable results

Questionable results are displayed in the file gatitfolder/date/events_summary.log] (see
below). It is recommended to always check it before any ietpretation (if a warning
message appeared)An empty file means that no errors have been fododng the
execution. Otherwise, this file contains the narhendividuals with questionable genotypes
at considered QTL positions. These are definesh@isidual x QTL combinations for which
no diplotype passing the cut-off threshold could foend. Three main causes can be
distinguished:

- Individuals have genotype data inconsistent gitliof their ancestry (which may reveal
either a genotyping error or an error in the dedayedigree).

- Individuals display very unlikely genotypes réfatto their parents (i.e. genotypes that can
only be obtained assuming unlikely recombinatioands).

- The cut off (threshold value) set by user forgiag diplotypes is too high.

SUMVARY [ Questionable results at markers/ QIL sorted by 1d]

ld: indl P1: 115 1 P2: 115 2 Cycle:F1 QrL: 1 2
Id: ind4 P1: 181% P2: 115 Cycle: F1 QrL: 1
Id: ind33 P1: 1145 P2: 115 Cycl e: F1 QrL: 1 3
Id: ind777 P1: 3734 P2: 3902 Cycl e: F2 QrL: 1 4 7

Note that a genotyping error at generatomffects the results for its progeny even if at
generationn+1, individuals at this generation have correct ggnes. See section 5.6 for
more details on the procedure to adopt in casenaraing message at the end of a run.
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5 OptiMAS Graphical User Interface (GUI)
5.1 Running OptiMAS GUI

To run the program, you must supply the two presfipudefined input files (the
genotypes/pedigree file and the genetic map fiée, section 3) containing all information
about your MAS desigrielect File > Import Data... from the menu bar (sbelow).

- Import Data)/ Settings = [previsualis
Map and Genotypes . Example Data-|

= Reload Data...

Visuzlization [Dat|

O EampleDats Use this tab to impert map and genotype data in order to run OptiMAS,

N -Data file to import:
" Xy

Map file: |C:,sterSNaIentefOptiMASfinputfblanc.map || Browse... | 9

Genotype file: |C:fLJsersNaIentefOptiMASjinput;blanc.map | [ Browse... ‘ @

- Output directory:

Results: lC:\Users\\.’alente\OptiMAS\output‘J | Browse... | 9

- (% Advanced options/parameters:-

-~ Cut-off: Mode: -

~QTL analysed:-

o |
|

| Gametes! |0,000000 :t! ‘ | %] Verbose 9
1

‘ @Al O QT ‘ || | Diplotypes: |0,000001 |
QTL #0000
Markers #0000 il 0% | QL 0000 - Individual 0000

Individuals #0000

Run close || Help
| | |

Figure 5: data set importation to run the program

Loading input/output files using the browser

Map file: path to the genetic map/QTL position input file &ph
Genotype file: path to the genotype/pedigree file (.dat).

Output directory: path to the folder where the results will be stoiiResults from each run
will be stored within a new dated directory creadedomatically within this folder. Note that
your output directory should not be in the “Progriites” folder or other specific directories
with administrator privileges.

Advanced options/parameters

QTL analyzed: by default all the QTL present in the input filedl be analyzed. You can
also choose to select a specific QTL to run thdyaisa

Cut-off - Diplotypes: genotypic probability below which a rare phasedaggpe (diplotype
see definition in section 4.2.1) is removed and more considered in subsequent
computations (default value = 0.000001).

Cut-off - Gametes: gametic probability (default value = 0.000000).ctirresponds to the
probability that the number of crossovers expeatethe region between flanking markers
exceeds a given value. Thus, unlikely gametes mutinber of crossovers over this value are
removed and no more considered in subsequent catigng. Use of this option with values
up to 0.01 is recommended in case many flankingenarper QTL lead to high computation
time with default option.
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Verbose: Verbose mode creates two files per QTL positi@porting respectively gamete
and diplotype probabilities for all individualdgfault value = ON).

Click on the “Run” button to analyze the data séthe program will create output results in
the folder that you specified. At the end of the (the progress bar displays 100@ase the
"Import data..." window by pressing the "Close" babn. If a warning message appears
report to section 4.2.7 and 5.6 to analyze thesstgnable results before any interpretation.

Note it is also possible to directly display the résuf previous analyses by selectkitg >
Reload data.You can also display results from the two examplgs sets provided with the
program, that are located Kile > Example Data > Biparental or Multiparentafrom the
menu bar.

To visualize and analyze the results, the OptiMAd (Bcludes three modules (on the left
menu) corresponding to the different steps of #iection program (see below).

, g
il

~Step1- ~Step 2- -Step3-
Prediction Selection Intermating

To show and use the full functionalities of OptiMA®Bis analysis will focus on real data
coming from a multiparental marker-assisted recurselection (MARS) study (Blanet al.,
2006, 2008).

Six connected F2 populations, with 150 individuaésh, were obtained from a half-diallel
design between four unrelated maize inbred lilds, 283, F810 and F90Q5Eleven QTL
were detected for silking date. A set of 34 markeas selected with at least three markers
(microsatellites) to follow each QTL (see blanc.ng&aplanc.dat files). Two cycles of MARS
were performed with each time a step of selfingokeefintermating. In this example,
OptiMAS is used at the last cycle to select thea beBviduals (among 297 genotyped plants)
that will be used for the next cycle of MARS (seg. B).

To run the multiparental example data set, you nsugiply two input files (blanc.dat &
blanc.map, see section 3-4) or it is also posshhiirectly display the results of this previous
analysis from the menu bar (ifale > Example Data > Multiparentg)|.
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The four inbred lines, DOE), F F283, S 810 and X
(FO9009 corresponding to the parental alleles f( s andx,
respectively) to follow through generations of sétn.

Three out of six F1 plants (F2 progenies of sx,sdkF1 werg
not selected at the F2 cycle).

F1 hybrids have been selfed to obtain three F2 lptipos of
150 genotyped individuals. 25 F2 candidate plantrew
selected (first cycle of selection).

Two other selfing operations have been done. 25ligsof
F4 individuals were produced (without genotyping
information) and crossed.

Among the progenies, 21 candidates were selectseldban
genotyping information (second cycle named “C1").

21 selfed families were produced (without genotgpin
information) and crossed together.

297 individuals issued from these crosses were tgped
(third cycle of selection named “C2”. OptiMAS isagkat this
step to select the best individuals that will bedufor the nexi
cycle of MARS.

Figure 6: multiparental MAS study (Blanc et al, 2006, 2008) used as example within OptiMAS
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5.2 Step 1. Computation of genotypic probabilities - Estimation of
genetic values

Algorithms to compute the probabilities of IBD ddle transmission throughout generations of
selection have been deployed and results are gexplaia three tables (corresponding to
sections 4.2.4, 4.2.3 and 4.2.5) and graphs (dew/e

Molecular score prediction Homo / Hetero |- Estimation of parental allsles probability Graphs |

| & Find || Elview || @0 wWeight | Double-click on MS/QTL cells to show detailed genotypes

1d Pi P2 Cycle Group M5 Weight UC | No.+/+) No.-/-) MNo.(+/-] MNo(?) QTL1 QTL2 | QTL3 QT4 QTLS @ QTL6 QTL? A
B& AL005 |A1005 G2 - 08366 0.7079 (92031

g 1 0 2 0.0000 08598 09761 08752 08959 08745 09960 | |
BL38 A251 A1005 C2 Gl 08024 06790 93268 7 1 1 2 0.0000 08792 08325 02405 09731 09693 0.9960| I
B28  Al006 A251 |C2 G1 0.7740 |0.6550 |9,2215 |6 1 3 3 0.0000 09716 04938 09492 09137 09199 089797 |
B13  Al006 Al1005 (2 - 0.7608 06438 90767 6 1 2 2 0.0000 08844 09559 08179 09731 04963 U.QBS‘Si
B38  A1040 A1005 2 - 0.7434 06341 (51095 6 1 1 3 0.0000 09349 04307 05429 05822 09260 EI.QBGUI
B37  AL040 A1005 2 = 0.7433 06290 86768 7 1 1 2 0.0000 08528 0.2334 09172 08735 09718 ﬂ.%ﬁﬂi
B40  AL040 A1040 C2 - 0.7404 06265 (90101 |7 1 2 1 00000 09775 04376 05582 04974 09231 0.9?59:
B242 A37 AI0D5 C2 - 0.7305 06181 87424 6 1 ! 3 0.0000 07259 0.8959 0.8879 02896 09722 0.9860|
B246 A37 A1040 | C2 - 0.7303 0.6180 |8,8995 6 1 3 1 0.0000 06036 08755 08575 04629 09713 09759 |
B293 A9 Al040 C2 = 07268 06150 83608 6 3 3 1 0.0000 09549 05741 07954 04568 09267 0.9?24|
B7 AL005  AL005 C2 7 07238 06125 84621 6 2 ] 3 0.0000 08598 0.61% 08752 00119 085747 05960 |
Bl24 A3 Al67 2 5 07223 06852 (B3114 6 1 1 3 04812 06698 09559 09429 02787 09614 0.9924i
B206 A27 A1005 | C2 - 0.7205 06097 |87916 6 1 1 3 0.0000 08518 09078 08815 02942 05823 U.QQGUI
B296 A91 AL003 C2 - 0.7194 06087 87789 6 1 3 1 00000 09764 09044 09456 04568 05367 U.Qﬁddi
B35  ALD40 A1003 (2 - 07145 06049 |B83643 |7 2 0 2 0.0000 059768 09685 05375 02939 09266 0.9?59:
B42  A1040 Al040 C2 0 - 07138 06040 83517 7 2 1 1 0.0000 08775 04025 08592 09827 09231 0.9?59|

5 1 1 4

BLZ7 A251 | A1005 C2 (Gl 07125 06028 (85441 00000 07215 04743 08293 02971 09236 09980 |

El |
Figure 7: genetic value (molecular score) for eadndividual (all’each QTL)

Individuals are represented in lines followed bgitipedigree, the cycle of selection and the
group they belong to. Plants can be sorted regarttiair molecular score for all (column
MS)/each QTL ¢lick on the MS/QTL columny which is the expected proportion of
favorable allele at the QTL position(s). The genetlues (MS red column) vary between 0
and 1. A value of "1" indicates that the individaakresponds to the targeted ideotype (it is
homozygous for the favorable allele(s) for this Qdrlall the QTL).

In this maize example, MS varies between 0.27 @eptal line at the bottom of the table,
not presented in Fig. 7) and 0.83 (B8: individuadsents at the top of the table, coming from
the last cycle of selection). Note that the folored lines D DE), F (F283), S 810 and X
(F9005 have a MS of 0.36, 0.36, 0.45 and 0.27 respdytive

More detailed genotypes can be displayeddbuble clicking on MS or QTL cellgsee
below). This view summarizes and aggregates thernmdtion presented in the two other
tables Homo/Heteroand Estimation of parental allele probabilitiesee sections 4.2.3 and
4.2.5).

23



Molecular score prediction | Homo [ Hetero ] Estimation of parental alleles probability ] Graphs ]
| & Fnd || Elview || i weight | Double-click on MS/QTL cells to show detailed genotypes
Id PL P2 Cyde Group MS* Weight UC No.+/+) No.-/-) No.{+/-) No.? QTL1 QTL2 QTL3 QTL4 QTL5 QTL6 QIL7 |~
8 0.0000 |0.8508 |0.9761 |0.8752 |0.8959 |0.9745 |0.9960
BI58 A251 A1005 C2 | GL 08024 06790 93268 7 1 1 2 00000 0] . oo
B28 | A1006 A251 C2 GL OJ740 06550 (92215 6 1 1 3 0.0000 0 Sﬁ 4”
. 5,
Bl3 A006 A1005 C2 - 07600 06438 90767 6 1 2 2 0.0000 ©
Genotype
B38 A1040 A1005 C2 - 07494 06341 (91095 |6 1 1 3 0.0000 0
Homo(+/+)=0.763260
B37 A1040 A1005 C2 - 07433 06290 86768 7 1 1 2 0.0000 0] FF=0.522327 =:=0.225656 =:5=0.015277
B40 | A1040 Al040 C2 - 07404 06265 (90,0101 7 1 2 1 00000 0f Hetero(+/-)=0.223785
d:f=0.195505 d:==0.028279
B242 A37  Al005 C2 - 07305 06181 87424 6 1 1 3 00000 0 o m0.012084
B246 A37  Al0d0 C2 - 07303 06180 |88995 |6 1 3 1 0.0000 0f did=0.012944
B293 A9  Al040 C2 - 07268 06150 88608 6 1 3 1 00000 0 Founders
B7 A1005 A1005 C2 - 07238 06125 |84621 6 2 0 3 0.0000 0] d=0.124838
f=0.732908
Bl24 A23 Al6T C2 - 07223 06852 88114 6 1 1 3 04812 0] g 14004e
B206 A27 AL005 C2 - 07205 (06097 87916 6 1 1 3 p.0000 o) ¥=0.000000
B206 A1  A1003 C2 - 07194 06087 87789 6 1 3 1 0.0000 09764 09044 00456 0.4568 0.5367 09644
B35 | A1040 A1003 C2 - 07140 |0.6040 |33643 7 2 0 2 0.0000 09769 09685 09375 0.2939 0.9266 09759
B2  A1040 Al040 C2 - 07138 06040 83517 7 2 1 1 0.0000 08775 0.4025 09592 09827 09231 09759
BI57 (A251 A1005 C2 |GL 07125 06028 85441 5 1 1 4 0.0000 07215 04743 09293 02971 09236 09960 |
(4] [ D

Figure 8: detailed genotype in terms of parental &les at QTL position

Fig. 8 shows that individual B8 has a molecularead 0.8752 at QTL 4. It has a probability
of 0.763260 to be homozygous for the favorablelesls/f (i.e. Homo(+/+)). This score
corresponds to the sum of the probabilities ofgbrotypes f:f=0.522327, s:f=0.225656 and
$:5=0.015277). Ilts MS of 0.8752 corresponds tekpected proportion of favorable allele(s)
(i.e. Homo(+/+) + 1/2 Hetero(+/-)). Founders (reqmated by d, f, s and x alleles) indicate the
expected proportion of parental alleles. We notle this individual is issued from three
parental lines D, F, S and not(¥ee also pedigree in Fig. 20).

A colored view of the molecular score table cardisplayed to identify more easily QTL for
which a given individual is considered as fixednmt (see Fig. 9)Press Visualization >
Color scheme... on the menu bar.

Molecular score prediction | Homo /Hetero | Estimation of parental alieles probabiity | Graphs |
| & Find | [ [Elview | |  weight [ Double-click on MS/QTL cells to show detailed genotypes
Id P1 P2  Cycle Group MS * Weight UC | Mo (+»‘+) No[ K ) No (+J‘ ) No (’] QT QTL?_ QT3 QTL4 QTS QTL6  QTL? B
' = Yo
B8 O Visualization of genotypes m § 1 U 2
B158 . ¥ 1 1 2
4 Visualization of genotypes
B28 S 1 1 3
The probabilities to be homozygous / heterozygous, at !

B13 ] the QTL positions, have been computed according to 1 2 2

B8 favaurable / unfavourable grouping of founder alleles. 1 1 3

B37 J Set a threshold and select a color to display a new 4 1 2

B40 view ofthe molecular score table based on genotypes. 1 2 1

3242] | Customize cut-off colors: 3 5 3 - 0.7259 EE 0.2896 '-

el s« fm - L5 003s 08735 09575 0475 19783 0759

23} D5 [EOSS0s 0755 os500 DS 057

E7 Prob{#fd == 0,750 | 7 0 3 0,8598 06196 09747

8124] Prob(-/) > [o,750 :| - 1 1 2 0.4812 06698 ;

B206 1 1 3 08518 08078 : :

= || i S s G s 0 045 0520 0

S TR 0 By

|| Aret | | K || e | 2 1 05775 04025 09592 96 09231 070 .
(4] | I

Figure 9: colored view of the molecular score table
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A value of 0.75 (by default) is selected for thehability threshold to be considered as
homozygous (un)favorable or heterozygous at the @dditions. A color can be assigned to
each of them. Genotypes which are not assignechyoofthese categories are considered
"uncertain genotypes (?)". When you apply a newokptirameters (cut-off / colors), the four

corresponding columns (No.(+/+), No.(-/-), No(+Np.(?)) of the MS table are updated.

For example, in Fig. 9, individual B8 is considealhomozygous favorable for eight QTL
(in blue, No.(+/+) = 8), homozygous unfavorable émy one QTL (in red, No.(-/-) = 1), it
presents no heterozygous QTL (in grey, No.(+/-))=afd two QTL (in yellow, No.(?) = 2)
are uncertain. Some MS at QTL positions are closé {e.g. QTL3 = 0.9761) and some
others are lower (e.g. QTL2 = 0.8598). This unaetyacan be due to (i) the fact that one
marker flanking the QTL is heterozygous whereasdtier one is homozygous favorable,
which indicates that a recombination took placermiea QTL position, or (ii) that there are
missing data (see genotypes/pedigree file).

The results of the different tables can be visealian graphs that are automatically generated
by clicking on Graphs(see below).
Molecular score prediction Homo f Hetero Estimation of parental alleles probability Graphs

- Generation: + F2 -
1 )

i

I — T T — T T
10 11 0 1 02 03 04 05 06 07 08 09 1

[=1
[-]
1

Number of Individuals

Frequency of favorable alleles

o 2 o

| | | | I
_ :
_
—
T —
_
__-
[

QTL Molecular Score (MS)
Colors m View | | g Save... Graph | Histo 5| QL |Qmi S Save...
Mo. individuals = 397 Mo. QTL=11 Mean = 0.109483 War =0.0453865

The graph on Fig. 10a indicates the frequency wirizble alleles at the different generations
of selection (on average and for each QTL). No&t tlo genetic gain is expected for the last
generation (C2, in blue) because individuals atesatected yet.
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Figure 10: distribution of QTL MS, global genetic \alues and their evolution over the different cycle®f
selection

Fig. 10b and 10c show the distribution of the molacscore (for each QTL separately and
on average for all QTL) whereas Fig. 10d displdys average of the MS for individuals
classified according to another classificationeeign (e.g. subprograms, families, etc). All
the graphs can be exported (in png, svg or epsdisnby using theSave...” button.

In the estimation of the Molecular Score (MS), @AS attributes the same weight to all
QTL declared in the map file. It is also possildaliscard QTL and/or to attribute economical
weights defined by the breeder, to compute a "Weigldex. Press the Weight button to
open a dialog window (see below).

Molecular score prediction | Homo fHetero | Estimation of parental alleles probability | Graphs |

| Ernd || Elview || i weight | Double-click on MS/QTL cells to show detailed genotypes _

d | PL | P2 Cycle Group MS* Weight | () QTLs Weights L2t ) oz one Qs qns anz [+
B8 |At005 1005 |2 |- 08366 |0.7070 W[ Spesent waiais for sach Gl can be assioned 09761 08752 08959 09745 09960 |

=

BISS AS1 AIOS C2 Gl 08020 06790 |, oo o oo tobe weighted 0.8925 09405 09731 09693 0.9960
B28 | Al006 AZ5L |C2 |Gl 07740 06550 ||| 2 Setaweight 04938 09497 09137 09199 09797
BI3 AL006 ALO0S C2 - 07600 06438 i' g::gi:;‘g@te 09559 09179 09731 04963 0.9895
B38| AID40 AI005 C2 |- 07494 06341 — , = [ Bo4007 08429 05822 09260 0.9860

I Mone | Weight | 1,00 |5 | Update |
37 AID40 AI0OS C2 - 07433 06290 — 0.2334 09172 08735 09718 09860
7

BA0 | AI040 AI040 (C2 - 07404 0.6265 | * | Po4276 09592 04974 08231 09759
llB2az 37  m005s 2 - 07305 oem |1 0.8959 0879 02296 08722 0.9860
B246 A7 ALOM0 C2 - (07303 06180 || 2 0.8755 09575 04629 09713 09759
B203 A  AlO40 C2 - 07268 06150 || |3 09741 07954 04568 09267 0.9724
B7 |AI005 AI005 C2 |- (0723 06125 || |4 06196 08752 00119 09747 0.9960
BI24 A2z 67 C2 - 07223 06852 || |5 — |Poasse 09s20 02787 09614 09324
B206 A27 A0S C2 - 07205 06097 || 6 | 09078 08815 02942 05823 0.9960
B206 AS1  AI003 C2 - 07184 06087 || 7 | 09044 09456 04568 05357 09644
B35 | AI040 ALO0Z C2 - 07149 06049 || |8 ~| |fogsss 09375 02039 09266 09750
lpaz  at040 080 2 - 07138 06040 | | X coce || Jn | | 04025 09592 09827 08231 09759
| ancel pply

BIST |A251 AI005 |C2 |GL 07125 06028 || - H 04743 09293 02971 09236 09960 |
o L  —

Figure 11: weighted molecular score give more or $s importance to the different QTL
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We noticed in this example that the favorable allg) at QTL1 may be lost because (i) the
ten best individuals of the panel have a molecstare of 0 at QTL1 (see Fig. 9, cells in red)
and (ii) graphs in Fig. 10a and 10b indicate thmesaecay. Thus, a weight of 3.0 has been
attributed to the QTL 1Assign QTL weights then press Apply will result in an update on
the "Weight" column (in blue) and therefore prodaagew classification of individuals.

In addition to the molecular score and the weigiitimns, OptiMAS estimates an "Utility
Criterion” (UC, green column in Fig. 8) which evales the expected value of superior
gametes of each individual by combining the molacsktore with the expected variance of
the MS of its gametes (see section 4.2.4 for metailg).

The"Find Id" dialog box can be used to search and locate a spedificidual in the panel.
Press “Find” button (see below).

() Find Id L2
Find what: 5124 || Fnd |
Whole words only : Close |
Search backward

Figure 12: find individual by name ("Find Id" dialo g)

By default, research identifies individuals the eaof which contains the declared string
(“B124” in figure 12). Research is also possibla exact matchingcbeck "Whole words
only"). Enter the Id of the individual that you are lookingor with the appropriate
parameters into the search box and then press théd" button. Any matching results will
move the main display to the exact position of imgividual. It will also be graphically
highlighted.

The Filter "QTL/Individuals” dialog is used to enable or disable the display of QTd/@n
individuals on the MS tabl@®ress the "View" buttonto display the filter dialog (see below).

QTL columns view ' Individuals rows view | QTL columns view Individuals rows view |
Use thiz tab to select wich QTL column must be hidden or shown. Use thiz tab to select wich individual row must be hidden or shown,

[+ |;|| Al | | Mane | [+ |;|| Al | | Mane | Chouse cycle or group: |Cyde 3% | ;None = I
[a

QTL Id P1 P2  Cycle Group
¥ QTL1
¥ QTL2

i ¥| B8 A1005  AL005 C2 =
2 |« B158 A251 ALDDS C2 Gl

¥ gTL3 3 «| B22 Al00e  A251 Q2 GL

v QTL4 4 ¥ Bl13 A1D06 Al005 C2

v OTLS 5 ¥| B3g 41040 A1005 C2

.'\( qQTLe 6 ¥ B37 A1D40  AT005 C2

.‘2 arL7 7 ¥ B4D A1D40  Al040 C2

¥ QTL8 8 ¥ B242 A37 A005 €2

v QTLa a v B246  A3T AlD40 C2

«' QTL10 10 |« B293 A9 Al040  C2
¥ Tl 11 ||« B7 A1005  A1005 C2 " oy

1
i
3
4
i
6
7
8
a

[y
=

i
=

Figure 13: QTL/Individuals filter dialog
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The Fig. 13 presents two tables displaying (i) litieof the QTL present in the data set (left
side) and (ii) the list of all the individuals pegs in the dataset (right side). Individuals can be
filtered by "Cycles" of selection, "Groups" or matly. Select and check QTL and/or
individuals to follow and press the "OK" button t@pply the corresponding filterThis
refreshes immediately the MS table. This new vidéwhe MS table can be useful if you are
working with a large number of QTL and/or individsiaand you want to focus on specific
QTL/plants.

5.3 Step 2: Selection of individuals

Taking into account all the information coming fratme previous tables, we can select
individuals for producing the next generation.

5.3.1 Methods for selection

In OptiMAS, three different ways are possible tteskindividuals:

Manual selection selection of individuals based on your own judgtr(eee Fig. 14). In the
step 1 window (molecular score tablsglect plants vialick and drag selection (or simple
click + Ctrl) > Press Right click > Add to list.> Selection of your list (can be renamed by
double-click) > Ok

| Molecular score prediction | Homo /Hetero | Estimation of parental alcles probability | Graphs |
| @gFind || [=view ]| i weight | Double-click on MS/QTL cels to show defailed genotypes

Gde | Gioup | MS ~ | Weight No{+/+)  No./9) | Nols/)  Ne® = QL1 (=

o s s J - o foste Jgam o o o oo |
——__--

B28  Al006 A251 07740 07740 9,2215 1 1 3 00000 09
13 |maoos |ar00s |2 90767 |6 1 2 2 00000 ﬁ
B3 ALD4D ALD05 (2 07434 07494 91095 6 1 1 3 00000 08
) M @ Add tolist -2 | (2 a7t - 1 £ sl %
e 07404 apinl |7 1 7 1 0.0000
List Selection 2 - - P
2 Selection of individual
Listl_Manual_Selection ection einalviduas | Srachie | betiores |
List of selected individuals |List1_ManuaJ_SeIecﬁon % |
List Selection 1 Id Pl P2 Cycle Group MS#~ Weight UC
List Selection 2 | o 4 el i
m OOK I x Cancel Vit Misteal Selection 183 AI005 A0S Q2 |- 08366 08366 9,203

2 8158 Al‘il AIDOS c2 Gl 0.8024 0,80241 9.326|

E '813 AlCICIﬁ AIUUS c2 = 07608 |0.7609 | 9,076
_4 |B37  Al040 AIUCIS 2 i 07433 07433 8676
5 éB-fiU A1040 A1040 C2 = 0.7404 |0.7404 |9,010]

Figure 14: manual selection of individuals added ta list

Individuals are selected manually (a) and then @dde list of your choice (b). This new list
can be accessed through the Step 2 interfacesplsove. Names of lists can be modified by
the user at all steps (by double clicking on theeaf the list one wants to modify).

The two next options are initiated bljcking on the Step 2 icon
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Truncation selection (TS) individuals can be ranked automatically basedhoeet possible
criteria: Molecular Score (MS), Weighted MS or WilCriterion (UC). The N first sorted
individuals are selected to generate the next @oipul. e.g.Nse;= 10, Criterion = MS, List =
List2_Truncation_MS_Selection, Option: Cycle = Clagt cycle), then press Rui\ second
list can be created by doinghe same with Criterion = Weight and List =
List3_Truncation_Weight_SelectionThe list(s) of selected individuals will appear tre

“Selection” page (see Fig. 15).

Truncation selection (MTS) QTL Complementation Selection (QCS)
Msar | 0 F‘: Criterion |Molecular Score ¥ | List |List2_Trunr.—:|tior = | |Optior1... | | Run | List |List4_CompIeme e | |Option... | | Run |

Selection of individuals | Graphs | Pedigree |

List of selected individuals iListZ_'I'runcation_MS_SeIecﬁon = |
Listl_Manual_Selection Id PL P2 Cycle Group MS* Weight UC  No.+/+) No.(-/-) No.+/-) No(7) QTL1 QT2 QTL3
List2_Truncation_M5_Selection : T T T T 7 T 7 T T 7 T
List3_Truncation_\Weight Selectiol 1 |BS  A1005 A1005 €2 - 08366 07079 92031 & i o 2 0.8598
Listé_Complementation Selectior | 5 |p15g a51 A1005 €2 G 0.8024 06790 93268 7 1 1 : [

3 |B28 Al006 A251 €2 GL (07740 06550 92215 6 1 1 E]
4 |B13 Al006 AID0S C2 - 07600 06438 00767 6 1 2 2
5 |B3% A1040 A1005 C2 07494 06341 91095 6 1 1 3
: |
Ell L 6 lga7 miodo a1005 c2 - 07433 06290 86768 7 1 1 2
| Save |17 |Bao |at0s0| Atos0 2 |- 07404 06265 901017 1 2 1
| add | |8 B2z A1 AIO0S 2 - 07305 06181 87424 6 1 1 3
9 |B2M6 A37 ALDMD C2 - 07303 06180 83395 6 i1 3 1
| Remove | |
10 |B293 A3 AIO4D C2 - 07268 06150 38608 6 1 3 1 549 D
| Reset |4 | ]
Wi Mo. ind = 10 No. group = 1
—: = ‘i’ Mean = 0.75947 Var = 0.00115008

Figure 15: truncation selection based on three crfria (MS, Weighted MS and Utility Criterion)

QTL complementation selection (QCS) takes into account complementarities between
candidate individual(s) regarding the favorablelaeB they carry (see figures below). It aims
at preventing the loss of rare favorable allelgfddspital et al., 2000). This option is
important when a high number of QTL is considered.

Truncation selection (MT5) QTL Complementation Selection {QCS)

Msa | 8 I%I Criterion |Muler:ular Score | ¥ | List }List‘}_ComplemE = | |Optiun... | | Run | List |List4_Comp|EmE = | ‘Optiun... | | Run
| | | f |

Selection of individuals l Graphs | Pedigree |

List of selected individuals |LisH_Complementaﬁon_Selecﬁon = |
-Hizﬁz:::t'i_DS:'_Ehjt;;elemn | P2 Cycle Group MS * Weight' UC | Mo.+/+) No.-/-) No(+/-) Ne.?) QI QTL2 QT3 QT4 QILS
List3_Truncation_Weight Selectic | 1 (B8 A1005 A1005 C2 - 08366 07079 92031 8 1 0 2 -0.8598
Listé_Complementation_Selectio| | 5 |pisg a2s1 A1005 C2 |GL 08024 06790 93268 7 1 1 : [ 8925 0,940

3 [B28 AW00G AXSL (C2 Gl 07740 06550 (62215 6 1 1 3
4 B13 AI00G AI005 C2 - 07600 06438 90767 6 1 2 2
5 838 ALO40 AIOOS C2 - 07494 06341 91095 6 1 1 3
6 837 Alod0 AlOGS 2 - 07433 06290 86768 7 1 1 2
7 B40 AIDM0 ALOSD C2 - 0.7404 06265 9,001 |7 1 2 1
& LM g |poaz a3z mao0s 2 - 07305 06181 87421 6 1 1 3
| Save |
| Add |
9 |B124 A23 AI67 2 - 07223 106852 (88114 6 1 1 E!
| it | 10 (8125 423 Al67 C2 - 07032 06691 4435 6 2 1 2
| Reset |G i D
= view ‘E’ :2‘3:;113.;056312 c:r‘ ErgerD;IéZBZ

Figure 16: QTL Complementation Selection
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Create a new empty list by pressing the "Add" butto Rename it to
"List4_Complementation_Selection" (by double-clickApply the “Truncation Selection”
on it based on the MS (N,= 8, Criterion = MS, List = List4_Complementationefction,
Option: Cycle = C2 then press “Run”).

The eight first individuals (B8... B242, see Fi@) Jare added to the list. The colored view
points that we are losing the favorable allele@di 1 (in red, QTL1 = O for all individuals).
As an example, the QCS is applied in order to fiwd candidates such that their QTL
composition complements those eight individualeady selected (see Fig. 16 & 17).

(1) QTL Complementation Selection (QCS) lilihj [} QTL Complementation Selection (QCS) | P |t
QTL Complementation Selection (QCS) Results of the QTL Complementation Selection S

Individuals are selected such that their GTL composition complements o )
those individuals already selected. Mumber of individuals carrying the favorable QTL alleles (nt=2, N=8}:

QTL1 | QTL2 |QTL3 | QTL4 |QTLS | QTLE | QTL7 | QTLE | QTL9 | QTL10 |QTL1M
0/g 8/a 6/8 818 7i8 818 a/a a8 8/g 8/8 8/8

AQCS strateqy is described by four parameters: (Hospital et al., 2000)

The threshold for Molecular Score (M3), above
which a favourable QTL allele is declared ‘present. QTLs to complement. 1
Individual B124 has been added to the list of selection.

Bues S P 7 I:

[«| Each QTLis requested to be ‘present in atleastnr

n ==
B | 7| selected individuals.

_ Mumber of individuals carying the favorable QTL alleles (nt=2, N=9}:

] EA The minimum threshold value (Molecula Score) for
MSmn = | 61 ~| the addition of an individual. QTL1 | QTL2 | QTL3 | QTL4 | QTL5 |QTL6 | QTL7 |QTL8 | QTLY | QTL10 | QTL11
149 9/9 719 99 719 9/9 919 8/9 9/9 919 919

N _ [ [=] Waximum number of individuals selected at the
s 1™ end ofthe complementation process QTLs to complement: 1
Individual B125 has been added to the list of selection.

[ i | The given Wmaxvalue has been reached.
| Cydcle ¥ ||C2 > |
— — i = Individual(s) B124 B125 has/have been added to Listd_Complementation_Selection

XCanceI (| Vprply Table atthe end of the QCS process:

QTL1 | QTL2 |QTL3 | QTL4 |QTLS | QTLG |QTL7 | QTLE | QTLS | QTL10 | QTLM
210 | 1010 | 8M0 | 1010 | 7HO0 | 1010 | 10M0 | 8M0 | 1040 | 1040 | 10H0

@OK

Cyde or group of the selected individuals:

Figure 17: QTL Complementation Selection algorithmwith parameters

Select the "List4_Complementation_Selection” in th@CS section. Click on the QCS
"Option..." button to set up the parameters shown Fig. 17 (on the left side) and press
“Apply”. The result appears in a pop-up window (on the yight

The QCS is described by five parameters

Ovs: corresponds to the MS QTL threshold (QTLx > 0.47 default), above which a
favorable QTL allele is declared “present”. In thase and depending on the threshold value,
not only individuals considered as homozygous lier favorable allele at QTL position will
be taken into account (e.g. heterozygous indivelusde Fig. 16, in yellow).

nr: means that each favorable QTL allele is requetstdze “present” in at leastrrselected
individuals (here n= 2).

MSnin: the minimum threshold value (M& > 0, by default) for the addition of an individual.
In this example, individuals with MS (genetic valse0.7 are not considered.

Nmax: the maximum number of individuals selected atethé of the QCS process. Here, up to
two individuals will be added to the final subséselected individual (Nax = 10).

Cycle/Group: optional information regarding the generation dalestion or another
classification criterion in the program (e.g. fisstcle, second cycle, F2, F4, subprograms,
families, etc). "C2" (cycle 2) was selected inste&tiNone" (no selection, by default) in order
to select individuals that belong to the last cyafleelection.
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This approach can be applied to any predefinedihstuding the possibility to consider an
empty list). In this example, the first eight indivals (No’= 8) were selected via the
truncation selection (based on the MS criterio)eri: (i) the QTL for which the favorable
alleles are “present” in fewer tham selected individuals are identified (see Fig. ih7red);

(i) among the remaining individuals (belonging@gcle, taken in order of decreasing MS
(with MS > MSir), OptiMAS searches for the individual having faafole alleles “present” at
the largest number of those QTL identified in {ihis individual is added to the subset of
selected individuals (i.eN = No' + 1). Steps (i) and (ii) are iterated until eithar the
following conditions is met: favorable alleles dt@TL are present in at least individuals

of the selected subset, or the number of indivsliralthe selected subset reaches the given
Nmax Value, or it is not possible to find an individurlstep (ii).

Note that in step (ii), MS is a secondary criteyimlividuals are taken based on their ability
to complement the subset of already selected iddals. Thus, with the present set of
parameters, two individuals (B124, B125) have badded to the selected list (see more
details on the right side of Fig. 17).

5.3.2 Display and comparison of lists of selected individuals

The different lists of selected individuals candoenpared in two parallel tables (see below)
displayed by default (which can be reduced to @tdy clicking on the “-” button).

r——————— - =
Selection of individuals | Graphs | Pedigree
List of selected individuals ;ListZ_Truncaﬁon_MS_SeIecﬁon = | ;List4_Complementaﬁon_SeIection = |

Listl Manual Selection Id Pl P2 Cyce Group M5~ Weight U Id Pl P2 Cycle Group MS* Weight U
List2_Truncation_MS_Selection . S et

List3_ Truncation_ Weight Selectiol | 1 B8 | AL005 A1005C2 |- 08366 (07079 92 |1 BS _'_imnos'moos 2 |- 0836 07079 (9,20
Lists_Comnplementation Selectior | » |ppsg a2s1 A1005 C2 GL 08024 06790 93 2 |BIS8 AZ51 A1005 C2 G 08024 06790 032
3 |B28 AL006 A251 C2 | GL 07740 (06550 92 |3 |B28 |AI006 A251 C2 Gl 07740 06550 9,22
4 |B13 AI006 AI005 C2 - 07600 06438 90 |4 [B13 AI06 AN005 C2 - 07600 06438 907
5 |B38  AL040 A1005 C2 - 07494 06341 91( |5 [B38 ALD40 AN005C2 |- 07494 06341 9106
1l — Y6 |p37 aios0 mo00s 2 - 07433 06290 85 |6 B3 AL040 AI005 €2 - 07433 06290 867
Save 7 |BA0 Al040 A1040 €2 - 07404 06265 90 |7 |B40 ALD40 ALD40 (C2 - 07404 06265 9,01
Add |8 |22 A37 Al00S €2 - 07305 06181 87 |8 B2 A37 AI005 C2 - 07305 06181 B4
P— |9 |Bm6/a37  Alodo 2 - 07303 06180 88 |9 |Bl2d A23 | AI67 (C2 |- 07223 06852 BL
10 B293 A9 Al0dD C2 - 07268 06150 88 10 (B125 A3 Al67 €2 - 07032 06691 844
e el ] NI T I 1

View i Mo. ind = 10 No. group = 1 No. ind = 10 Mo. group = 1

— - Mean = 0.75947 Yar =10.00115008 Mean = 0.756312 Var = 0.00140232

Figure 18: comparison between lists of selected indduals (via tables)

If we compare the two lists of ten individuals stéel via the MS (on the left) and QCS (on
the right), we can see that the two last individuBR46 and B293are replaced bB124and
B125in the QCS list. The selection of these two indiingls will bring two more unfavorable
alleles (QTL5 and QTLS in red, not presented in ERB) in the next generation.

The different lists of individuals can also be cargul via theGraphssection window ¢lick
on the Graphs tapsee Fig. 19).
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Selection of individuals Graphs Pedigree
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List lListZ_Truncaﬁon_MS_SeIecﬁon 3] QTL lQTL:l 3] [ Save... l List [List4_Complemenmtion_Selection 3] QTL [Q‘I‘Ll 3] [ Save...

Mean=10 Var=0 Mean = 0.0962466 Var = 0.0370536

Figure 19: comparison between lists of selected indduals (via graphs)

This example shows that use of truncation seledviased on MS leads to the selection of
individuals all carrying the unfavorable allele@TL1 (see above, histogram on the left). On
the right side, the two individual8{24, B12% added via the QCS procedure are observed
with a MS comprised between 0.45 and 0.5. In amditif we select QTL7 in both listswe
notice that the QTL7 will be fixed for the favoraballele at the next generation (the ten
individuals have a MS > 0.95 in the graph, notespnted in Fig. 19).

To visualize the origin of the selected individuals each list, the user can display their
pedigree (see belowMove to "Pedigree" table, select the list of youthaice, check
"Alone" (to only have the individuals of the selead list) and click on the Generate button.

Selection ofindividusls | Graphs | Pedigree
List | List2_Truncation_pM5_Selection ¢i Al & Alone Generate | | save..

Figure 20: pedigree of individuals selected via th&€runcation Selection method
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It is possible to compare pedigrees coming frorfecght lists of selection (see Fig. 20 & 21,
Truncation Selection list vs. QCS, respectivelyptdNthat the two individuals added via the
QCS bring the parental alleke So, if we use the QCS list to produce the neregation, the
four parental alleles will be present in the neydle.

Selection of individuals Graphs Pedigres

List | List4_Complementation_Selecion. 5 Al &) Alone Generate | Save..

Figure 21: pedigree of individuals selected via th@CS method

This representation is useful to follow the conitibn of selected individuals over
generations of selection and to prevent possibléienecks (individuals coming from a
reduced number of parents at a given generatiomrder to limit risk of drift (which may
lead for instance to the fixation of an undesirbée@rmptypic type for traits not considered in
the MARS process). It also can be used to mainthuersity for selection on traits
complementary to those considered for the MARS ggsC

5.4 Step 3: Identification of crosses to be made among selected
individuals

Now that your list(s) of selected individuals i€/astablished, it is necessary to identify the
crosses to be made to initiate the next MARS cy¥lke addressed crosses between
individuals of a single list (diallel design) ordveomplementary listddctorial design). The
diallel situation can be managed with three opti¢i)she automatic definition of the whole
list of possible crosses according tbaf-diallel (complete method, see Fig. 22, 23, 24 and
25), (ii) the“better-half” strategy (Bernardet al.,2006) which consists of avoiding crosses
between selected individuals with the lowest scdses Fig. 22, 23, 24 and 25) and (iii)
application ofconstraints on the contribution of parents or on tle maximum number of
crosseg(see Fig. 26 and 27). In this last case, best esoage determined according to either
the (weighted) molecular score or the utility aive. Then, lists of crosses created via the
different methods can be analyzed and comparegrajahs.
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Example of instructions to create the two listeafsses that will contain results of the half-
diallel and the better-half processes among theiqusly selected candidates:

Rename the two empty lists of crosses (by doubtskin Listl Half Diallel from_QCS
and List2_Better_Half from_QCS. Then, select thepappriate method via the “Option...”
button (see Fig. 22 & 23).

' A
() Crossing schemes option &lﬂ—hj

Crossing schemes

Mumber of crosses @ Maximum 2
Contribution of individuals @ Unlimited 1 =
Criterion Molecular Score =

Method Complete
Xeoe | [ o

Figure 22: crossing schemes options (method selexct)

Choose the list of selected candidates coming frothe step 2 (e.g.
List4 _Complementation_Selection) and the adequateist | of crosses (e.g.
Listl Half Diallel_from_QCS & List2_Better_Half fron_QCS). Finally, click on the Run
button to see the results of these crosses stavatie¢ appropriate list (see below).

Crossing of individuals Graphs .

List of crosses | List1_Half_Diallel_from_qcs % | | List2_Better_Half from_QCS =
Listl_Half Diallel from_QCS Id PL P2 MSA Weight UC No(=] Id PL P2 MSA Weight UC Nol~|
List2_Better Half from_QCS T T |
List3_UC_Cantrib. 2 36 |BAGxB242 BA0 B242 07354 06223 92077 4 | | 16 |B158xB242 B1S8 B242 07665 06485 92971 5 |
Eret) M Contrib1 37 |B37xB124 |B37 | B124 07326 06571 0,061 3 17 |BIS8xB124 BISS B124 07624 06821 03861 5
List5_UC_Contrib_1 ! | |
List3_ManualTs 38 |B13xB125 B13 B125 07320 06564 (905253 | | |18 |B28xB38 B28 B38 (07617 06445 94959 6 |

30 |B40xB124 B40 | B124 07313 05558 09,2595 4 19 |B28xB37 | B38 B37 (07587 06420 97116 6
40 |B242xB124 B242 B124 07264 05517 91083 5 20 |B28xB40 B2B B40 07572 06407 94473 6
41 |B38xB125 B38 B125 07263 06516 910754 | | |21 |BI3x838 BI3 B33 07551 06390 94246 5 —
L Save | |42 |B37xB125 'B37 B125 07233 06490 88221 3 | | 22|B28xB242 B28 B242 07523 06365 92748 5 |
Add | |43 |BA0«B125 B4O B125 07218 06478 90578 4 [T |23 |B13x837 BI3 B |0.7521 06364 91392 6
i P— || 44 |B242@125 B242 BI2S 07169 06436 888545 | | 24 |BI3xB40 BI3 B0 07506 06351 93749 6 |
= " |45 |B124xB125 B124 B125 07128 06771 8 [+ 25|B38xB37 B38 B7 07464 06315 22101 5 (]
s: on o I i [ ilEm e il I T
View 2 Method: complete (half-dizllel) Method: better half
L = List: Lizt4 Complementation_Selection Criterion: no List: Lizt4 Complementation_Selection Criterion: no

Figure 23: comparison of the two lists (half-diallévs. better-half) of couples generated

On the left table (sed.istl Half diallel_ From_QC¥ all the individuals were crossed
together. For each of the 45 resulting pairs, &ua&irindividual is created and OptiMAS
computes the expected molecular score of the pyogethe cross for all and each QTL. On
the right table, théetter-halfstrategy leads to 25 couples (see also Fig. 24 €lumns
can still be sorted, in order for instance to idfgnpairs having a score of 0. Then, these
crosses can be deletedyit click on the selected pair and press the “dtd...” button).
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Meanwhile, graphs are automatically generateddplay a view of the selected crosses based
on the different strategies (see below).

Crossing of individuals Graphs

B125 -+ + ¥ ¥ + + + + ¥ B125 -
—~B124 -+ + + + + + + + —~B124 -+ +
1 1
%BZ42—+ + + + + + + %BZ42—+ + +
4 B4D—+ + + + + + 4 B4D + + +
— —
» B37 |+ + + + + » B37 o+ + + + +
[ir] _ i _
% B38 -+ + + + % B38 -+ + +
= -+ + + = 4 + +
> B13 > B13
T B28 -+ + T B28 -+ +
[ [
M 158 {1+ M 158 {1+
Ba - Ba -
T T T T T T T T T 1 T T T T T T T T T 1
@ B ) % A D o B ) @ % ) % A D o B )
P & ¥ & § L g g ® & ¥ & P PP
Individuals (+ MS -) Individuals (+ MS -)
List | List1_Half Diallel ¥ | Graph |Plot ¥ | Qm |Ms S Save... List | List2_Better Half ¥ | Graph |Plot ¥ | Qm |Ms S Save...
Mean = 0.756312 Var = 0.000623468 Mean = 0.773946 Var = 0.000337124

Figure 24: half-diallel vs. better-half strategies

In the figure above, individuals are ranked ontthie axes based on their genetic value (MS
from highest to lowest). On the left side, tHéomplete” procedure (half-diallel) has been
applied. All the individuals were crossed togethath no limitation on their contribution
whereas on the right sidbdtter-halfmethod), crosses between individuals having lowkst
have been avoided (i.B37to B125.

Lists of crosses created via the different methad¥or constraints can also be analyzed and
compared via histograms (igelect Graph = Histpsee below).

Crossing of individuals Graphs
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List | List1_Half Diallel ¥ | Graph |Histo ¥ | Qm |Ms S Save... List | List2_Better Half ¥ | Graph |Histo ¥ | Qm |Ms S Save...

Mean = 0.756312 Var=0.000623463 Mean = 0.773946 Var=0.000337124

Figure 25: comparison of the two lists (half-dialléVs better-half) of couples generated

As expected from the higher relative contributidnnalividual B8, the average MS is higher
for Better Half option (0.756312 vs. 0.773946) and the variancé8f among generated
couples is lower (6.23 10vs. 3.37 10).

Constraints on the contribution of parents or o eximum number of crosses to be done
can be applied (see Fig. 26, 2If).this case crosses determination is optimize@das the
expected molecular score and UC of the crosses. witlibe exemplified with two new lists
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of crossesPress two times the “Add” button to create two nésts of crosses and rename
them List4_MS_Contrib_1 and List5_UC_Contrib_1. Tin€ress the “Option...” button to
open the “Crossing schemes option” window (see bglo

{7 Crossing schemes option | ? _Zh]

Crossing schemes

Mumber of crosses @ Maximum 2

Contribution of individuals Unlimited ® |1
Criterion Molecular Score

Weight
Method Utility Criterion

X[ Vo

Figure 26: crossing schemes options (constraints)

To specify that each of the ten candidates mustrbssed only once and that there is no
constraint on the maximum number of crosses todme gelect Contribution of individuals

= 1 and leavaNumber of crosses = Maximunmlhe criterion box will appear as in Fig. 26.
Select Criterion = Molecular Score for the firstsi and press the “Apply” button.

To apply this strategy to candidates previousheded via the QCS methodglect List
selection(s) = List4_Complementation_Selection. fheelect the list where crosses will be
stored by selecting List crosses = List4 MS_Contlib Press the “Run” button to create
this first list.

To apply the same constraints based the utilitgigon of the pairs (see Fig. 27 on the right),
do the same thing with Criterion = Utility Criterio and List(s) selection =
List5 UC_Contrib_1.

Crossing of individuals Graphs

B125 — ¥ B125 — +
—B124 ~—B124 +
) B242 | + % B242 -
4+ B40 4+ B0 +
S S
w B37 + w B37 -
[ir] _ i _
% B33 % B38 —{|+
= — + L= -
> B13 > B13
T B28 T B28 +
[ [
= 158 {4+ M p158
Ba Ba -
T T T T T T T T T l T T T T T T T T T l
% B %) % A D g > ] Ll B %) % A D v > el
® P ¥ P L PP ® & F ¥ P L PP
Individuals (+ MS -) Individuals (+ MS -)
List | List4_MS_Contrib ¥ | Graph |Plot s | om|ms S Save... List |List5_UC_Contrib % | Graph |Plot S| Qmn |Ms S Save...
Mean = 0.756312 Var = 0.00131068 Mean = 0.756312 Var = 0.000877108

Figure 27: constraints on the contribution of pareits based on the MS or the Utility Criterion

On the left side, individuals with the higher MSeacrossed together (e.g. B8xB158,
B28xB13, etc) whereas on the right side, the usthefutility criterion resulted in different
pairs (e.gB8xB38.
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A factorial design between two lists of selectednpd can be applied. Checking the box
between the two lists enables the possibility tectea second list of selected candidates (see

below).

List(s) selection | List1 Manual_Selec ¥ | [+ x | List2 Truncation M: ¥

Crossing of indeviduss Graphs

B125 <+ S T + * + + + F -
o B124 + + + - + + + + +
' gaos
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4 B24Z |
% B
| BT
g eed
Z e
g s
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I T T T T T T T T T T L
TFL TS LFFF
Individuals (+ MS -)
List | List3 ManualsTS | & | Graph | Fiot = | aQmn i E Save
Iean = 0T36HT Var = 0.000310277

Figure 28: factorial design applied between two lts of selection

Thus, a list containing only two individualBX24 andB125) previously found via the QCS
method has been crossed with the ten individualsgahe highest MS (i.e. Listl_TS_MS)
resulting in a factorial design displayed in Fi§. 2

5.5 Saving/reloading your previous analysis

Lists of selected individuals and crosses can edsmto the results folder. On the menu bar,
Press Data > Save all... > then press the “Choobatton.

e - B
) Select the directary where to save the data. & lihj,_
Look in: C:\sers\alente\Deskioplout\2s 08 2012 150513 (2| ) @ ©@ [E] [g:]
A My Computer| | | each_gtl

8, Valente input

list_crosses

list_selection

Directary: C:\Wsersivalente\Desktoplout\28_08_2012_15_03_13 I

Fies of ype! | Directornss = x Canicel

Figure 29: saving your current analysis
By default all the lists are saved to the apprdpréarectory specified in Fig. 5.

Once the files are saved, you can close OptiMASrangen your analysis later by selecting
the results folder previously saved and loadin@ée below). On the menu Rress File >
Reload Data... > Select your previous folder > OK.
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Figure 30: reloading your previous analysis

5.6 FillIMD@Mks: atool to replace genotyping errors with missing
data

Genotyping errors coming from the genotypes/pedidile (.dat) file and recorded in the
“events_summary.log” file (if present) can be fillevith missing data (*-”) after that the
consistency of marker genotyping information hagrbehecked along generations of
selectionSelect Tools > FillMD@Mks..from the menubar (see below).

File Wisualization Data elp

\J FIMD@Mks... |

ptiMAS curmiputation of genotypic probabilities - Estimation of genetic

| Molecular score prediction | Homn rHetera | Estimation of narental sllels nrahahilities | Granhs | -
| 6 Eind &5 FillMmD@Mks: fill genotyping errors with missing data (x]
L | L A alald

Genotyping errors coming from the genotypes/pedigree file (.dat) file and recorded in the
"events_summanylog” file (if present) can be filled with missing data ("-") after that the
consistency of marker genotyping information has been checked along generations of selection,

-Step 1 -

Pradiction A new map file (.cmap) has been created to run OptiMAS marker by marker, cycle by cycle, in

order to check genotyping errors along the pedigree. A new genotypes/pedigree file is created
with genotyping errors filled with missing data.

Data file to import:

&
L
-

Special map file (.cmap): | i | Browse... | 9
é:lt:g:igr; Genotypes/Pedigree file: | || Browse.., | e
Output directory
‘ + Results (new ".dat" file): || Browse... | a
' |
/ \
-Step 3 - Run ] | Close | | Help |
Intermating

Figure 31: data set importation to run the FillMd@Mks tool
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Loading input/output files using the browser

Map file: path to a new genetic map/QTL position input flemap). This file has been
created at the end of a previous run of OptiMASoider to re-run OptiMAS marker by
marker and localize genotyping errors at individualker position.

Genotype file: path to the genotype/pedigree file (.dat). Thishis same file used to run
OptiMAS the first time.

Output directory: path to the folder where a new genotype/pedigite (fdat) with
inconsistent genotyping data replaced by missirtg ¢a“) will be stored. Note that your
output directory should not be in the “Program &illder or other specific directories with
administrator privileges.

Click on the “Run” button to create this new genotype/pedigree file (ni@e.dat). Use this

new .dat file to re-run OptiMAS.

6 Future work

Next steps coming soon

- Addition of a quantitative score column (GenomideSgon prediction or phenotypic
value).

- Development of a simulation procedure (Step 4) nadpce a “virtual” next generation
(with information on the number of individuals neddo reach the ideotype).

- Computation of diversity score based on pedigréfedive population size).

- New algorithm to compute genotypic probabilitieshwno limitation on the number of
flanking markers around the QTL position (optionuse a sliding window to compute
probabilities along the genome).

- Linkage between QTL in the estimation of the wtittiterion.
- Manage the QTL position uncertainty in score corapaib.
- Computation of diversity score based on markersigetQTL.

- Handle allelic effects at QTL in order to computpected gain for different traits with the
possibility to weight them to compute indexes.

A wizard to help users who want to run automatycbisic options of the tool.

7 How to cite this program

In publications including results from the use lostprogram, please specify the version of
the software you used.

Valente F, Gauthier F, Bardol N, Blanc G, Joet€Hlarcosset A & Moreau Lin prep
OptiMAS: a decision support for marker-assistecadsy of diverse alleles.
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8 Contact

Please send bug reports and/or requests for newurdsa to Fabio Valente
(fvalente@moulon.inra.fror Laurence Moreaur{oreau@moulon.inra)r
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