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The aim of MCQTL software package is to perform QTL mappingnulti-cross design. It
allows to study the usual populations derived from inbreddiand proposes to link the families
by assuming that the QTL locations are the same in all thermeMa@r, a connected modelling
of the QTL genotypic effect is allowed in multiple relatedrfdies.

The implemented model is a linear regression model in whiehptrobabilities of QTL geno-
types given marker information are used as regressors {tdalé Knott, 1992). A composite
interval mapping (Zeng, 1993) and an iterative QTL mappirggiaplemented (Charcosset et
al., 2000) to deal with multiple QTL model. Marker cofactetexctions by forward or backward
stepwise methods are implemented as well as computatidnestiold test value by permuta-
tion (Churchill and Doerge, 1994).

Finally, the model parameters are estimated. More preciBehlues of the Fisher test at the
QTL locations, LOD support intervals, QTL effect and resitiparameter estimates, model and
QTL percentage of explained variance are provided.

MCQTL package is composed of three software applicatiohs fifst component reads the data
from MAPMAKER files. The second component, ProbaPop, coes@TL genotype proba-
bilities at specific chromosome location given multiple keairdata in each family and stores
them in XML formatted files. The last component, Multipopil@s the joint model and fits the
observations on genotype probabilities.

MCQTL runs on UNIX platforms.

MCQTL_LD is an extension of MCQTL that incorporates the usknikage disequilibrium in
MCQTL. At each point along the genome, parent lines of thetierolss design are clustered,
using a similarity measure that reflects locally the proligbof sharing the same ancestral
allele. Hence, the number of parameters of the MCQTL moddjrally links to the number
of parent lines, is lessened and a significant increase iddtextion accuracy is achieved.

The similarity measure is based on an extended Li and Jighgigarity score (Bionformatics,
2005). The Li and Jiang’s similarity score between two phaliaes is a weighted sum of the
number of shared alleles and of the longest common chromesagment in a sliding win-
dow. We extended this score by taking into account prior kedge on parent relatedness. The
implemented clustering method is a filtering and transitiesure of the graph of all the multi-
cross parent lines, weighted by these similarity scorespiposed two methods to compute
by simulation an efficient threshold value for the graphiiittg purpose. Our assumption is that
the parent lines belonging to the same class transmit the sagestral allele. So their putative
QTL allelic effects can be modeled with the same paramedadihg to a parsimonious model,
that is plugged in MCQTL. The name of this MCQTL plugin is dlaplo (Leroux et al., 2012).
Clushaplo runs on the R environment of statistical comgaind graphics. It provides the user
with friendly graphical outputs and the link with MCQTL istédly transparent.

Important change : since the local clustering of parent lines leads to varylagrees of free-
dom for the QTL effects along the genome, the QTL detectiothotkis based, now, othog;

of the Fisher test Pvalueinstead of the Fisher test value.

The great advantage of this new test criterion is that itssihwold value does not really vary with
the type of design, the number of parents or the number ofilzsncontrarily to Fisher or LOD
tests.
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1 Methods

1.1 Models

Intra-family models implemented in MCQTL permit to analgsgingle QTL with only additive
effect or with both additive and dominance effects. To deithimteraction between QTLs an
epistasis model is also allowed.

In order to link multiple families, the same intra-family o is assumed for all families but
genetic parameters, that are parameters of QTL and gewédictor effects, can be supposed to
be either identical or not over the families.

1.1.1 Intra-family model for a single QTL

The intra-family model is a usual regression model with giereofactor and a single QTL. Let
c denotes the cross between two parent lingsthe phenotypic valu,, of the £th individual
is modeled by

L
Yer = pte + Z pr:k,ijef:,ij + €k

=1 ij

wherey., is the global mean in the crossL — 1 is the number of genetic cofactoys, ,; is
the probability of thekth individual having genotypg at the QTL or cofactor locukgiven the
marker informationé)g,ij is the mean of the; genotype at locusin crossc ande,,, the residual
error.
Moreover, the QTL or genetic cofactor effect is decomposddo effects, the additive and the
dominance ones

l 1 l l

ec,z'j = Qe+ 5c,z‘j

In an additive model, the dominance parameters are all asstorbe equal to zero.
When genetic parameters are assumed to be indentical avéarthlies, the equality of QTL

and cofactor parameters are added in the connected maaidihhdeto

alc,z =alVeVi
1 _dl ..
Opij = 0y Ve Vij

Note, that only genetic parameters can be chosen to becgdéatinot over the families, so, as
a consequence of linear model postulates, the intra-faregliglual variances are all assumed to
be identical over the families.

1.1.2 Intra-family model for QTLs in epistasis

The intra-family epistasis modelling between léaind locud’ is

LU ' LU
}/Ck‘ = ... + Z chk7g7g/(0i7g + Hi,g’ + ¢c7g7g/) + Eck;

1A g,9'
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where
— ... stands for QTL and genetic cofactor effects withoustgsis effect,
— plc’,;g’g, is the probability given the marker information of th#h individual in cross: having
genotypey at locusl andg’ at locus!’,
l - . ll - -
— 0., is theg genotypic effect at andd,, , the g’ genotypic effect at' in crosse,

- gbffgg is the epistasis effect between thgenotype at locusand they’ genotype at’ in the

Crossc.

The probability given the marker informatimj,i:gy, Is computed as the product Pﬂ,g and

plc'w which are the probabilities of thgh individual in cross: having the genotype at locus/
and of the genotypg at locil’. This product gives an exact probability as soon as the gpast
of an individual at locug and!’ are independent given the marker information. This ocdurs i
and!’ belong to different chromosomes or if there exists one cetepl informative marker for
the individual between lodiand!'.

MCQTL is currently limited to the additive x additive epists, which means thailc’;g, =0if

g or ¢’ are not homozygous genotypes.

When genetic parameters are assumed to be indentical @fantliies, the following equalities
are added in the connected model

ot =0l Ve Y(g,d)

1.1.3 MCQTL_LD model

In this version, MCQTL_LD is limited to be used with parenbiad lines and connected model,
i.e. the genetic effects (QTL or cofactors) are assumed tddical over the families.

After the clusthaplo analysis, at each scanned lécaach parent linéis assigned to a cluster
cl that is assumed to be an ancestral allele. fldte the function that describes the injection
of the parent lines into their corresponding class at pwsitii.e. f*(i) = ¢/. The MCQTL_LD
model is obtained by plugging the function in the parametétke connected model leading to

o Uiy + Oy + Oy IS0 # F1()
ij - - . .
aicl(i) + O‘;L(j) if fl(z) - fl(])

1.2 Tests and estimates
1.2.1 Analysis of a single trait

Fisher tests of comparison of stacked models are computeE$t@TL location. Those tests
depend on the chosen intra-family model. For a single QThwadditive or both additive and
dominance effects, the compared models are with and withel@TL location. For a couple of
QTLs in epistasis, the compared models are with or withcaieghistasis effects. The degrees of
freedom of the test depend on the number of individuals, timelrer of families and the chosen
model.
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From a Fisher test value F,

— the -log, of Fisher test Pvalue is computed usintpg,,(/P(F(ddll, ddI2) > F))

— and an approximate LOD test value is obtained usiod ~ 0.217ddl1 F

where ddl1, ddI2 are the numerator and denominator degrgeexfom of the Fisher test and
F denotes the Fisher probability law.

Parameter estimates are obtained by the least square nvathatided constraints that depend
on the chosen intra and inter family modelling.

Constraints
— for additive effect, parameters dependent on families

l I
a.;+a.; =0Ve

— for additive effect, parameters indentical over the femsil

Z al=0vS
€S
whereS denotes a set of connected parent lines
— for dominance effect, there is no mandatory constraint
— for epistasis effect, for both choices of parameter depecyl

LU LU Ll Ll
Pt = Pelgsgi = ~Plelings = ~ Pz V€

— when an other parameter is not estimable, despite of tleiolg constraints, it is set to zero.
Percentages of explained varianég) are defined as the ratio of estimated residual variances of
the two stacked models. For the percentage of varianceiagplay a single QTL, the compared
models are without and with the QTL location. For the peragatof variance explained by the
epistasis effect between two QTLs, the compared models @hewt and with the epistasis
effect. For the global model percentage, they are withodtveith all QTL locations.

1.2.2 Multivariate analysis

A pleiotropic QTL test, following (Mangin et al., 1998) is ptemented in MCQTL. It consists
in estimating the variance-covariance residual matrixheftraits in a model with no genetic
effect, computing the principal components of the traitsliss estimated residual matrix, com-
puting an approximate likelihood ratio test for each pgaticomponents and finally adding
these tests at each locus. This procedure was proved to ¢gst asymptotically equivalent to
the likelihood ratio test for pleiotropic QTL. It follows wsptotically a chi-squared distribu-
tion.

From they? test value, the -log of the x? test Pvalue is computed and an approximate LOD
test value is obtained usidgDD = 0.217 y?

Note that all the individuals that have one missing phenotyplue are discarded from the
analysis.

Estimates of model parameters are the trait by trait estisa&ercentage of explained variance
are not computed for pleiotropic QTL effects.
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1.3 Detection method

We named CIM-, the easiest composite interval mapping ndefieng, 1993) which consists
in dropping out the genetic cofactors belonging to a chramswhile it is scaned.

IQTLm (Charcosset et al., 2000) is an iterative QTL mappirgghad that aims to find automa-
tically a multiple QTL model. It works chromosome by chrorap®e and is composed of two
steps, which algorithm is described in the following figure.

The first step estimates precisely the QTL positions, keeffse model those with a Fisher test
greater than a threshold and drops out of the model the offileessecond step can add a QTL
to the model. The whole process consists on a loop on chramesduring the whole process,
the entry chromosome lists of positions are not updatedrl&fchromosome, the entry list of
positions is null iIQTLm begins by the second step.

We observed with simulated data that a cycle (i.e. the entdythe output lists of positions
exchange themselves from step to step) occurred in somsitaa&ons. In that case, the method
stops and the user is given a warning.

There is one iterative method named “simple” implementedd@QTL to detect epistasis bet-
ween loci. This iterative method is a forward method, howeteelimit the computation time,
the research of epistasis effects is not exhaustive in therge x genome space. A non empty
list of locationsL, given by the user, which might be QTL positions detected iyadditive
model is necessary at the beginning. The model containealjénotypic effects of loci ith.
Epistasis Fisher test values are computed for all coupléscobelonging tol x L union L

X genome (except for positions in the vicinity of locationsli). The supremum of the Fisher
test value is then compared to a threshold. If inferior, ttacedure of detection is stopped. If
superior the couple of loci is kept, its epistasis effectdded to the model, the ligt is updated

if necessary and a new genome scan begins.

1.4 Threshold computation

During a scan search of a putative QTL, i.e. when the locas@moving along the genome and
when the supremum over the locations is computed, it is sacg$o have a threshold to declare
that a QTL is detected. A resampling method by permutaticitmeftrait data is implemented

(Churchill and Doerge, 1994). The adaptation to multiplessrdesign is obtained by limiting

permutations of the trait data to intra-family permutasion

The permutation procedure, proposed to approximate tlesltbid of a scan search for a puta-
tive epistasis effect, is a double stratified sampling. Titse $tratification is subject to the family
index. The second stratification is subject to the genotypdiaed locus, as described in Man-
gin et al. (1999). This second stratification permits to agjpnate the probability distribution
of the Fisher test statistics given that a QTL is presentaffited locus. This situation looks
like the first iteration of the simple detection method whbke list L. is restricted to a single
locus.

The following table presents a comparison of the threshaldes obtained by the permutation



GENOPLANTEOMCQTL 8

procedure in a additive model. It permits to show that thédahbdlity distribution function of the
trait has a very small influence on the threshold values. blare contrarily to threshold value
of Fisher test or LOD test, the threshold value of the fjagf the Fisher test Pvalue depends
only weakly on the multi-cross design.
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The ith position is removed from the list

A 4

List of positions for the chromosome under stu+‘y—

For each position of the list

Study of the ith position

Cofactors all positions of the current list except the ith one
for the chromosome under study
all positions of the entry lists for the other ones

F test along the chromosome

except in the window around cofactor positigns

/\

F max < threshold F max > threshold

Pos max is inserted in a new list of positions

Comparison between the prior and new lists

equal

List of positions, result of stepl

different

New list of position

Cofactors all position of the current list for the chromosome under ¢

all positions of the entry lists for the other ones

F test along the chromosome

except in the window around cofactor positigns

/\

F max < threshold F max > threshold

End of iQTLm

Pos max is inserted in the list of positions

For the current
chromosome

Bz

This figure illustrates the iQTLm algorithm



Threshold ( - log;o(Pvalue) ) value comparisons, additive model

Complete

Complete half-diallel Star Chain Complete half-diallel half-diallel

5 parent lines 5 parent lines 5 parent lines 3 parent lines 2 parent lines 10 parent

10 F2 families 4 F2 families 4 F2 families 3 familles F2 1 F2 family lines
45 familles
F2

-nla—?/r%? ! Map length g/l:r:gﬁ; Gaussian truncated Gaussian | truncated Gaussian truncated Gaussian truncated Gaussian | truncated | Gaussian
1 Morgan 20 cM 1.74 1.76 1.73 1.77 1.74 1.69 1.70 1.70 1.70 1.70 1.77

10 % 5cM 1.99 1.94 2.01 2.01 1.96 1.89 1.92 1.95 1.84 1.85 1.99
2 Morgans 20 cM 2.03 2.08 2.01 2.1 2.06 2.00 2.01 2.02 2.02 1.98 2.01
5¢cM 2.29 2.30 2.25 2.38 2.29 2.26 2.25 2.30 2.25 2.22 2.26

1 Morgan 20 cM 2.10 2.08 2.05 2.12 2.09 2.03 2.06 2.08 2.06 2.01 2.12

59 5cM 2.32 2.30 2.33 2.37 2.29 2.22 2.30 2.33 2.14 2.19 2.30
2 Morgans 20 cM 2.37 244 2.37 2.48 2.40 2.32 2.33 2.36 241 2.31 2.41

5cM 2.66 2.64 2.57 2.79 2.63 2.61 2.60 2.67 2.60 2.56 2.64

1 Morgan 20 cM 244 2.39 2.34 2.45 2.45 2.35 2.34 242 2.40 2.32 2.44

259% 5cM 2.68 2.64 2.68 2.70 2.65 2.57 2.63 2.66 2.46 2.52 2.66
’ 2 Morgans 20 cM 2.66 2.72 2.68 2.81 2.78 2.66 2.70 2.67 2.75 2.65 2.75
5cM 2.95 2.96 2.93 3.17 2.95 2.95 2.93 3.03 2.84 2.94 3.00

100 descendants per F2 family

5000 permutations

Truncated Gaussian means that negative values were set to 0 in order to simulate a non-symmetrical and non-exponentially decreased trait.

Conclusion: Features that have a clear impact on threshold values are type I error, map length and marker density. Other
features as non Gaussian probability distributions, the type of designs, the number of parent lines and the number of
families have only a very low impact.

71LODN@HALNVY1dONTD

0T
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2 Architecture and command lines

MCQTL package is composed by three software applicatiohs.fifst component, Translate-
Data reads the data from files in format similar to MAPMAKERT@t. The second component,
ProbaPop or F3toF7Proba computes QTL genotype probabiljiven marker information at
each chromosome location for each family and stores themMh ¥ormatted files. The last
component, Multipop builds the pooled model, fits the obsons on genotype probabilities
and produces outputs.

.map
.inf
. .inf .inf
*lineA P1 en .gen .gen
*lineB P2 .phen .phen .phen
rapslateDaja rapslateDaja rapslateDaja
\V, \V, \V,

aitc.ald [P1P2.ciyl Ait2.ald  [PIP3.cf ait2.ald | P2P3.cf
: : R

ProbaPo ProbaPo ProbaPo
\V \V, \V,
A y A4
P1P2.xml P1P3.xml P2P3.xml
\_/— \_/—

[

parameter.xnl MultiPop
[ : \t
|dent|f|ermethod txt |dent|f|ermethod xml ildentifiermethod[].plo

|dent|f|ermethod[].ps |

gnuplot

U

identifiermethod[].pn

This figure illustrates the architecture of MCQTL packageddalf-diallel design with parent
lines named P1, P2 and P3
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The line commands are :

> Transl ateData filel.map file2. phen file3.gen file4.inf
["/home/dir/"] [--strict]

The order of the .map, .phen, .gen, .inf entry files is mangaRy default the output files are
in the current directory. They can be redirected using alabspath like" / home/ di r/ " . If
you add the "strict" option, TranslateData doesn’t accepagation between individual genoty-
pic data in the .gen file.

> ProbaPop cross.cfg x or > F3toF7Proba cross.cfg x

The entry file must be a .cfg file created by TranslateDatathe progression step in centiMor-
gans for the scan between two markers. This value must beathe ®r all families involved
together in MultiPop. Despite two different programs to @ute conditional probabilities, F3
to F7 families can be involved in a joint analysis with backss, double-haploids, F2 or RIL.
> Mul tipop parameter.xnm identifier

The entry file must be a .xml formatted file created by the usenust be followed by an
alphanumeric string, used to identify the output files.

3 Data entry files

Four ASCII files with mandatory extension .gen .phen .map .arfcare necessary to run the
TranslateData program. The first three files are quite sinolgparts of a MAPMAKER .raw
file (Lincoln et al. 1993). They contain the marker infornoatdata and the type of cross (.gen),
the quantitative trait data (.phen) and a consensus map).imathe last file (.inf), names of
the parent lines are provided.

A nal entry files when a name is expected, it must be a striggnioéng by an alphabetic
character using alphabetic, numeric or underscore clasa@eparator and punctuation cha-
racters are forbidden as for example space, carriage rafalyalator comma and point. You
should keep in mind that upper and lower characters lead istiaction.

3.1 .genfile

The first line of this file begins bgtat a t ype, a space and one of the following strings :

bc for back-cross
dh  for double haploid

f2 forks
ril forrecombinantinbred line
f3 forks
f4 forFy
f5 forFs
fe forkg

f7 forF;
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The second line begins with 2 integer numbers separate bya@esfhey stand for, in the
following order, the number of individuals and markers. sThine can contain an alternative
genotypic code.

Next, the marker information follow in a simple format. Antexssk (*), a name, a space and
genotypic data. "White space characters" (e.g. tabulat@amiage return, formfeed...) if they
exist in genotypic data are ignored. The implemented ggnotode used A, B, H, C, D, and
minus sign with the following meanings :

homozygote for A allele
homozygote for B allele
heterozygote

not a homozygote for A allele
not a homozygote for B allele
- missing information

OOIm>

To specify an alternative genotypic code, a regular expesss X=A Y=B 0=- can be added
at the end of the second line.

A\ For F; to F; families the marker information “not homozygote for A/Bedél” are rejected.
Note that you can use C=- and/or D=- in order to analyse a fdedbntains C and/or D. The
corresponding values are then treated as missing values.

A Heterozygous genotypes are forbidden in RIL families. Nlo&t you can use H=-in order
to analyse a RIL genotype file that contains this code.

A\ The number and the name of the markers must be the same agthesen the .map
file. If a marker is not polymorphic in a family, all individieamust be scored with the missing
information code.

example of a .gen file
data type f2

10 3 m=-

*mar k1 ABHTH HBAAmM
*mar K2 nmmmmm mmmm
*mar k3 AHBBmM ABHMA

3.2 .phenfile

For each trait data, the format is : an asterisk (*), a tramheaa space and as many information
as the number of individuals given in the .gen file. Theseviddal information are either a
real, an integer or a minus sign (for missing data). They epamated by a space.

example of a .phen file
*traitl 1.2 3 - -20.2-1.56 2. - 2.1 -3.0
*trait2 0.2 3.2 4 2.01.4 - 00.450.998 1
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3.3 .mapfile

This file contains a consensus map for families that are gtonge analysed together with
MultiPop. The format for a linkage group begins with an asigr), a group name, a space, the
number of markers, a space. Then come alternatively, Sepldog a space, a marker name and
the distance between the consecutive markers. Each lirgeage is given in a single line.

A\ The inter-marker distance must be a Haldane distance giveentiMorgans.

example of a .map file
xchroml 4 markl 20.2 mark2 15 mark3 17.98 mar k4
xchrom2 6 mark5 3.4 mark6 4.6 mark7 9 mark8 3.3 mark9 0.0 nmar k10

3.4 .inffile

The first 2 lines contain the names of the parent lines. Thid time is specific of a back-cross
population and contains the name of the recurrent parent.

The first line begins with an asterisk (1)j neA, a space and the name of the parent that has
transmitted the A allele.

The second line is identical except that information is gif@ the B allele.

The third line begins with an asterisk (¥).ecurrent _| i ne, a space and the name of the
recurrent parent. It must be one of the parent names.

A\ Parent names are crucial for Multipop. Indeed, phenotypesosses that share a parent
name are modelled with equal genetic parameters when tregig@arameters are assumed to
identical over the families.

example of a .inf file
*| i neA parentl
*| i neB parent2
*recurrent _|ine parentl

4 XML parameter file for MultiPop

A quick look of XML format :

An XML formatted file is a set of tag, which permits to exchataje.

Atag is written between bracket a3AG>. A start tag<TAG> must have a closing tag/ TAG>,
or it can be close in the same line a3AG >.

Syntax of tag is sensitiveTAG> is different from< TAG> or from<Tag>.

A tag can have attributes asTAG attri but e-nane="attri bute-val ue" />. The
value of an attribute needs to be quoted, even if it contami mumbers.

A tag can have children tags that permit to describe hiermmah data,
<TAG> <CHI LDREN- TAG > </ TAG.

An XML formatted file begins by a root tag and its closing tadgsthe file.
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MultiPop provides threshold computation, QTL detectiorimes and model estimation. These
three functionalities are the possible values of @ERATION tag. Some information are
common and necessary for the three functionalities, theydascribed in the data and model
section. Information specific to a single functionality described in the corresponding section.
File examples are given in the last section.

4.1 Data and model

Data information necessary to run MultiPop are :

— the name of the parent lines (one name by parent) which édiy
<LINE name="..." />
This name must be one of the parent names of .inf files.
A Keep in mind that MCQTL does not correctly manage names afrgdines when a
parent name is a multi-copy of another parent line, like RARDP1.

— the name of XML formatted files created by ProbaPop and/twA=3’roba (one file by cross)
which is given by

<XMLFILE name="..." />

— the name of the .qtd files created by TranslateData (oneyfitgdss and by trait) which is
given by
<QTDFILE name="..." />

— optionnally, if the LD part of MCQTL is to be used, the namelad .xml files created by the
R package clusthaplo (one file by parent line) which is given b

— the name, as read in the entry map, of the studied chrom@some
<CHROMOSOME name=". . . " study="yes' >
</CHROMOSOME > is the closing tag. It is necessary to set the limits of hdrmal
information brought byBONE, COFACTOR andQTL children tags.

— the model, described usidODEL tags. A single MODEL tag is sufficient for single QTL
search, two MODEL tags, one for the single QTL model and oné&i® epistasis model, are
mandatory in case of epistasis effect search. Theses agetailed below.

The MODEL tag has got two mandatory attributes, type andrpoie.

<MODEL type="additive" interpop=..." />
For all chromosome locations, dominance parameters ate 8et

<MODEL type="dominancé' interpop=..." />
For all chromosome locations, both additive and dominararameters are involved in the
model.

<MODEL type="epistasy interpop=..." />
For all chromosome locations, epistasis effects are imeia the model.
<MODEL type=". .. " interpop="connected />

For all chromosome locations, QTL and genetic cofactor rpatars are indentical over the
families.

<MODEL type=". .. " interpop= " disconnected />
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For all chromosome locations, QTL and genetic cofactoripaters are intra-family parame-
ters.

A\ In this version only “connected” value for the attributetérpop” is allowed when there
are, in the model, epistasis effects.

<DESIGN > and <DESIGN > are the start and the closing root of the parameter files.

4.2 MCQTL_LD model

To analyse your data with a MCQTL_LD model, it is suffisantdd & the XML parameter file

for MultiPop, one following tag per parent line to specifgthame of the XML file created by
clusthapo.

<LD_FILE name=...">

A\ The order of the parents within the LINE tags must be idehtmahe order within the

LD_file tags. Indeed, MCQTL attributes to the first parentred LINE tags the first file of the
LD_file tags, to the second parent of the line tags the sectdffthe LD _file tags, ... without
any check.

4.3 Threshold computation

Two permutation methods are implemented in MCQTL to compatempirical threshold value
for the test detection, the following tag permits to run &#old computation.
< OPERATION value=threshold" replication=". .." method="..." study="...">

The specific and necessary information for this operatidhaslesired quantile associated to a
x chosen type | erroi)(< = < 1) which is specified by

<QUANTILE value="x" >.

More than one QUANTILE tags are permitted.

<OPERATION value=threshold replication="x" method=. .. " study="..." >
The real value x stands for the number of replications of édsampling process.

<OPERATION value=threshold replication=". . . " method="genowideé study="..." >
A single putative QTL is analysed along all the chromosorAesngleThe order of the parents
within the LINE tags must be identical to the order within tti2_file tags. Indeed, MCQTL
attributes to the first parent of the LINE tags the first file lné D _file tags, to the second
parent of the line tags the second file of the LD _file tags,ithout any check. threshold value
is computed for the whole genome.

<OPERATION value=threshold replication=". . . " method="bychrom" study="..." >
A single putative QTL is analysed along each chromosome.prbeess is repeated for each
chromosome and the results are one threshold value per obome.

<OPERATION value= threshold replication=. . . " method="genowideforepistasy
study="..." >



GENOPLANTEOMCQTL 17

This method is specific to the model with epistasis effectdy@he simplest model is permitted.
So there is no genetic cofactor and a single epistasis ééaieen a known QTL and other loci.
The position of the known QTL, mandatory for the epistasssd®, is given using the QTL tag,
children tag of the CHROMOSOME tag (see below the model edton section).

<OPERATION value=threshold replication= . . . " method=2..." study="by variable" >
Trait by trait threshold computations are performed. Thelgtattribute is not mandatory, by
default a trait by trait analysis is performed.

<OPERATION value=threshold replication=". . . " method=..." study="multivariable" >
Threshold computations are performed for a pleiotropitussg all the traits.

4.4 QTL detection

<OPERATIONvalue="QTL detection” method=. . . " threshold=". .. " window="..."
study="..." >isthe tag which permits to run QTL detection analysis. Hmalysis is auto-
matically followed by a model estimation and can be precdned cofactor search which tag
is namedCOFACTOR_SELECTION . By default, the cofactor selection operates on all the
marker positions. However, it is possible to limit the séai@ some markers or positions, the
SKELETON tag permits this pre-selection.

<COFACTOR_SELECTIONnethod="forward" threshold=..." />
A forward stepwise method with all marker positions or aklgkon positions as regressors is
performed.

<COFACTOR_SELECTIONnethod="backward" threshold=..." />
For each chromosome, a backward method with all markeriposior all skeleton positions of
the chromosome as regressors is performed.

<COFACTOR_SELECTION method= . . " threshold="x" />

The real number x is the minimum test value necessary totsalesgressor in the stepwise
method.

x should be inferior to the threshold value of the detectest.t

<SKELETONVvalue="automatic" distancezx" />
From the first marker on each chromosome, markers autortatib@sen to build the skeleton
have got a minimal inter distance of x centiMorgans.

<SKELETONVvalue="manual" />

Users specify manually the positions that belong to theet&r| using the BONE tag, children
of the CHROMOSOME tag. If no bone is specified then all the reeglof the chromosome
become bones, by default.

< BONE position=x" />
The position must be one of the positions computed by PrghaPis a real number that mea-
sures the distance in centiMorgans from the first marker@ttiromosome.

Instead of using an automatic method of cofactor selectigers can declare manually the
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position of genetic cofactors using the COFACTOR tag.

<COFACTOR position=x" />

The position must be one of the positions computed by PrgbaPis a real number that mea-
sures the distance in centiMorgans from the first marker@ttiromosome.

<OPERATION value=QTL detectiofi method="CIM-" threshold=". .. " window="..."
study="...">

A single QTL model by chromosome, using declared cofactorthe other chromosomes is
tested.

At the end of the process, a model is built with a single QT Litoms by chromosome and the
model parameters are estimated. For each chromosome, th@&gition corresponds to the
chromosome maximum test value provided that this valueegicthe threshold.

<OPERATION value2QTL detectioi method="iQTLm " threshold="..." window=
"L " study= L L L >

Chromosome by chromosome, the iterative QTL method of tieteas described in the section
method is performed.

At the end of the process, a model is built with the detected. @a@sitions and the model
parameters are estimated.

<OPERATION value=QTL detectiofi method="simple" threshold=". .. " window=""..."
study="..." >

An iterative genomewide search for epistasis effects, asrited in the section model, is per-
formed. The mandatory list of QTL positions to begin the &3s search is described using
QTL tag, children of the CHROMOSOME tag (see below the modeh&ation session).

At the end of the process, a model is built with detected apisteffects and the model parame-
ters are estimated.

<OPERATION value2 QTL detectiod method=. . ." threshold="x" window=""..."
study="..." >

The real number x is the minimal test value to detect a QTL apastasis effect between QTLSs.
<OPERATION value2QTL detectiod method=. . ." threshold="..." window="x"
study="..." >

The real number x is a distance in centiMorgans. It is thedefight length surrounding a QTL
or genetic cofactor positions where the search of anothéri®iorbidden. It permits to avoid
any problem with closely linked QTLs. So, the window lengi2ix centiMorgans.

<OPERATION valuezQTL detectiofi method= ..." threshold="..." window=""..."
study=" by variable" >

Trait by trait analyses are performed. The study attribsiteot mandatory, by default a trait by
trait analysis is performed.

<OPERATION value2QTL detectiori method=..." threshold="..." window="..."
study="multivariable" >
A pleiotropic test is performed using all the traits.
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4.5 Model estimation

<OPERATIONvalue="model estimatiori’ study="..." > is the tag which permits to esti-
mate the model. The model is described using the QTL tagiremlof the CHROMOSOME
tag and the&EPISTASY tag.

<QTL position="x" />
The position must be one of the positions computed by PrghaPis a real number that mea-
sures the distance in centiMorgans from the first marker@ttiromosome.

<EPISTASYfirstposition="x1" firstchromosome="c1" secondpositioF" x2"
secondchromosome” c2' />

C1 and c2 are chromosome names, previously given by CHROMWESg. Positions must
be one of the positions computed by ProbaPop. x1 and x2 areusders that measure the
distance in centiMorgans from the first marker of the chroonos.

By default the LOD support interval is built using the valu®iback-cross and double haploid,
1.5 for F, population and 2 for recombinant inbred lines. This defaaltie can be change by
using the following tag.

<LOD_SUPPORT value= x" />

x is the value of LOD decrease that defines the LOD suppomvataround the location of the

test supremum.

This tag can be used with QTL detection methods, as well.

4.6 Tag inactivation

The following tags can be disabled.

<CHROMOSOME name=. . . " study="no" >

The chromosome is dropped out of the map.
<COFACTOR_SELECTIONnethod="no" threshold=..." />
<SKELETONVvalue="no" distancez..." />
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4.7 Examples

threshold.xmillustrates a threshold computation for a half diallel dgsi

<DESI GN >

<LI NE nanme="P1" />

<LI NE nanme="P2" />

<LI NE nanme="P3" />

<XM_LFI LE nane="P1P2. xm " />

<XM_FI LE nane="P1P3. xm " />

<XM_FI LE nanme="P2P3. xm " />

<QIDFI LE nanme="P1P2 traitl.qtd" />

<QIDFI LE nanme="P1P3 traitl.qtd" />

<QIDFI LE nanme="P2P3 traitl.qtd" />

<MODEL type= "additive" interpop="connected" />

<CHROMOSOME nane="chronl" study="yes" >

</ CHROMOSOVE >

<CHROMOSOME nane="chronR" study="yes" >

</ CHROMOSOVE >

<OPERATI ON val ue="t hreshol d* replicati on="1000" net hod="genonew de"
<QUANTI LE val ue="0.05" />
<QUANTI LE val ue="0.01" />
<QUANTI LE val ue="0. 005" />

</ OPERATION >

</DESIGN >

detection.xmillustrates a QTL detection using iQTLm method for a hallldiadesign.

<DESI GN >
<LI NE nanme="P1" />
<LI NE nanme="P2" />
<LI NE nanme="P3" />
<XMLFI LE nane="P1P2. xm " />
<XMLFI LE nane="P1P3. xm" />
<XM_LFI LE nanme="P2P3. xm " />
<QIDFI LE nanme="P1P2 _traitl.qtd" />
<QIDFI LE nanme="P1P3 traitl.qtd" />
<QIDFI LE nanme="P2P3 traitl.qtd" />
<MODEL type= "additive" interpop="connected" />
<SKELETON val ue="manual " />
<CHROMOSOME nane="chronml" study="yes" >
<BONE position="0" />
<BONE position="15.8" />
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<BONE posi tion="30.33" />
<BONE posi tion="50.2" />
<BONE position="75.341" />
</ CHROMOSOVE >
<CHROMOSOME nane="chronR" study="yes" >
</ CHROMOSOMVE >
<COFACTOR_SELECTI ON net hod="f orward" threshol d="2" />
<OPERATI ON val ue="QIL detection" nmethod="i QrLn¥ threshol d="2. 7"
w ndow="5" >
</ OPERATION >
</DESIGN >

estimation.xmillustrates a model estimation with 3 detected QTL for a deflel design.

<DESI GN >

<LI NE nanme="P1" />

<LI NE nanme="P2" />

<LI NE nanme="P3" />

<XM_FI LE nane="P1P2. xm " />

<XM_FI LE nane="P1P3. xm " />

<XM_FI LE nane="P2P3. xm " />

<QIDFI LE nanme="P1P2 traitl.qtd" />

<QIDFI LE nanme="P1P3 traitl.qtd" />

<QIDFI LE nanme="P2P3 traitl.qtd" />

<LOD SUPPCRT val ue="3" />

<MODEL type= "additive" interpop="connected" />

<CHROMOSOME nane="chroml" study="yes" >
<QIL position="17.3" />
<QIL position="78" />

</ CHROMOSOVE>

<CHROMOSOME nane="chronR" study="yes" >
<QIL position="86.341" />

</ CHROMOSOVE>

<OPERATI ON val ue="nodel estimtion" >

</ OPERATI ON >

</ DESI GN >

threshold LD.xmlllustrates a threshold computation for a half diallel dgsiwith MCQTL_LD
model. LD files were created by clusthaplo.

<?xm version="1.0" encodi ng="UTF-8" standal one="yes" ?>
<DESI G\>
<LI NE nanme="P1"/>
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<LI NE nane="P2"/ >
<LI NE nane="P3"/ >
<LI NE nane="P4"/ >

<MODEL i
<XMLFI LE
<XMLFI LE
<XMLFI LE
<XMLFI LE
<XMLFI LE
<XMLFI LE
<QTDFI LE

nt er pop="c

name="P1P2.
nanme="P1P3.
name="P1P4.
nanme="P2P3.
name="P2P4.
name="P3P4.
_trait0l.

nanme="P1P2

onnect ed"

xm "/ >
xm "/ >
xm "/ >
xm "/ >
xm "/ >
xm "/ >

type="additive"/>

qgtd"/>

<QIDFI LE nanme="P1P3 trait0l.qtd"/>
<QIDFI LE nanme="P1P4 trait0l.qtd"/>
<QIDFI LE nanme="P2P3 trait0l1.qtd"/>
<QIDFI LE nanme="P2P4 trait01.qtd"/>
<QIDFI LE nanme="P3P4 trait01.qtd"/>
<LD FILE name="LD file_P1l.xm"/>
<LD FILE name="LD file_P2.xm"/>
<LD FI LE nanme="LD file P3.xm"/>
<LD FI LE nanme="LD file_P4.xm"/>

<CHROMOSQVE
<CHROMOSQOVE
<CHROMOSQOVE
<CHROMOSQOVE
<CHROMOSQVE
<CHROMOSQVE
<CHROMOSQOVE
<CHROMOSQOVE
<CHROMOSQOVE
<CHROMOSQVE

<OPERATI ON val ue="t hreshol d* replicati on="1000" net hod="genow de"
<QUANTI LE val ue="0.1"/>

nane="chl1"
nane="ch2"
name="ch3"
nane="ch4"
nane="chb5"
nane="ch6"
nane="ch7"
nanme="ch8"
name="ch9"

study="yes"/>
study="yes"/ >
study="yes"/ >
study="yes"/ >
study="yes"/>
study="yes"/>
study="yes"/ >
study="yes"/ >
study="yes"/ >

nanme="ch10" study="yes"/>

<QUANTI LE val ue="0. 05"/ >

</ DESI G\>

threshold LD.xmlllustrates a QTL detection with epistasis effect for a lukdiilel design with
MCQTL_LD model. Two model tags are mandatory. An additivé Qiiandatory) was pre-
viously detected by the iQTLm detection method in chromedoat position 38.

<?xm version="1.0" encodi ng="UTF-8" standal one="yes" ?>

<DESI G\>

<LI NE nane="P1"/ >
<LI NE nane="P2"/ >
<LI NE nane="P3"/ >

/>



GENOPLANTEOMCQTL 23

<LI NE nanme="P4"/ >
<MODEL i nt er pop="connected" type="additive"/>
<MODEL i nt er pop="connect ed" type="epi stasy"/>
<XM_FI LE nane="P1P2. xm "/ >
<XM_FI LE nane="P1P3. xm "/ >
<XM_FI LE nane="P1P4. xm "/ >
<XM_FI LE nane="P2P3. xm "/ >
<XM_FI LE nane="P2P4. xm "/ >
<XM_FI LE nane="P3P4. xm "/ >
<QIDFI LE nanme="P1P2 trait01l.qtd"/>
<QTDFI LE nane="P1P3 trait0l.qtd"/>
<QIDFI LE nanme="P1P4 trait0l.qtd"/>
<QTDFI LE nane="P2P3 trait0l.qtd"/>
<QIDFI LE nanme="P2P4 trait01.qtd"/>
<QIDFI LE nanme="P3P4 trait01l.qtd"/>
<CHROMOSOME nane="chroml" study="yes">
<QIL position="38"/>
</ CHROMOSOVE>
<CHROMOSOME nanme="ch2" study="yes"/>
<CHROMOSOME nane="ch3" study="yes"/>
<CHROMOSOME nane="ch4" study="yes"/>
<CHROMOSOME nane="ch5" study="yes"/>
<CHROMOSOME nane="ch6" study="yes"/>
<CHROMOSOME nane="ch7" study="yes"/>
<CHROMOSOME nane="ch8" study="yes"/>
<CHROMOSOME nane="ch9" study="yes"/>
<CHROMOSOME nane="chl1l0" study="yes"/>
<OPERATI ON val ue="si npl e" threshol d="2.7"
wi ndow="5" />
</ DESI G\>

5 Internal files

TranslateData creates 2 types of internal files. One of theth extension .cfg, contains family
information and genotype data. Other files are related tdartiedata, their extension is .qtd.
There is one .qgtd file by quantitative trait.

ProbaPop creates one file. Its extension is .xml and it is arL Xdvimatted file. It contains
genotype probabilities of a putative QTL given marker infiation at each genome location.
The name of each internal file begins with the cross name whitlte concatenation of parent
names given by i neAandl i neBin .inf entry file. For .qtd files, the cross name is followed
by an underscore character and the trait name read in the guitey file.
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6 Output files

Output files are different according to the analyses nanrediiold, backward, forward, CIM-,
iIQTLm, simple and estimation. They correspond respegtiteethe following tags :

<OPERATI ON val ue="t hreshol d" replication="..." nethod="..."
study="..."~>

<COFACTOR_SELECTI ON net hod="backward" threshold="..." />
<COFACTOR_SELECTI ON net hod="forward" threshold="..." />

<OPERATI ON val ue="QTL detection" nethod="CIM" threshold="..."
wi ndow="..." study="..." >

<OPERATI ON val ue="QIL detection” nethod="i QrLn threshold="..."
wi ndow="..." study="..." >

<OPERATI ON val ue="QrIL detection" nethod="sinple" threshold="..."
wi ndow="..." study="..." >
<OPERATI ON val ue="nodel estimtion" study="..." >

Extensions for output files are .txt, .xml, .plot, .ps andg.pfhey all begin by the identifier
given in MultiPop line command.

The .txt file contains information that depends on the amalyihis file is produced by thre-
shold computations, backward and forward cofactor s@estor CIM- and iQTLm detection
methods.

In the following table, the information printed in the .tXeB is described.

method xt

threshold estimated quantiles

backward marker positions selected in the final model
forward  marker positions selected in the final model

CIM- per chromosome, position of the test supremum threshold
IQTLmM per chromosome, list of successive models
simple positions in epistasis selected in the final model

The .xml .plot, .png and .ps files are produced by the modehasbn procedure which follows
automatically detection methods. The .xml file containsé@seilts of a model estimation repla-
ced in the original map. The .plot files contain a chromosoneegart of chromosome scan, .ps
and .png are the corresponding graphic files obtained bylghup

For each chromosome, MultiPop produce as many chromosaans ss QTL locations in the
chromosome. Indeed, each location in turn is dropped outeofriodel and a test is computed
around the dropped location. In the corresponding .ps amgl goaphic files, these scans are
drawn all together. However, if there is no QTL position innra@amosome, a chromosome scan
for a single putative QTL is produced.

A .plot file contains, in two columns, the test position faliag by the test value. There are two
files per chromosome and single QTL in the model. One for thkéfiory? test and the other
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for the approximate LOD test. The name of this plot is comgasigh the identifier, the name
of the trait, the chromosome name and the QTL index.

The .xml output file contains parameter estimates of the mddeés model is the manually
specified model when the value of the OPERATION taf msodel estimatioh. After CIM-
detection, the model contains no more than one QTL per chsome. For each chromosome,
it is located at the position of the Fisher test supremumigexi/that this test value is superior
to the threshold. After iQTLm detection, the model is buiitwthe convergent positions for
each chromosome. After the simple method for epistasi€letire model contains the QTLs
declared in the initial mandatory list and all the QTLs d&tdan epistasis.

The file is composed of two parts.The first one, delimited bNGEIC_MAP tag, concerns the
genetic consensus map in which QTL are included betweenarsarkhe second one, delimited
by ESTIMATION tag, contains model parameter estimates.

result.xml

<?xm version="1.0" encodi ng="1S0O 8859-1" ?>
<TRAIT nane="traitl">
<CGENETI C_NMAP nane="defaul t">
<CHROMOSOME nane="chromL" >
<MARKER nane="markl" position="0" />
<MARKER name="mar k2" position="20.2" />
<QTL position="30.1">
<FTEST>17. 864</ FTEST>
<R2>0. 156889</ R2>
<NUMVERATOR _ddl >2</ NUMERATOR _ddI >
<DENOM NATCR_ddl >192</ DENOM NATCOR_ddI >
<LOD_SUPPORT | ocal _max_position="30.1">
<I NFERI OR_PCsSI TI ON val ue="23. 5572" />
<SUPERI OR_PCsSI TI ON val ue="35.5978" />
</ LOD_SUPPCRT>
</ QTL>
<MARKER name="mar ker 3" position="35.2" />

</ CHROMOSOVE>

</ GENETI C_MAP>

<ESTI MATI ON>
<RESI DUAL_VARI ANCE>0. 98989</ RESI DUAL_VARI ANCE>
<R2_GLOBAL>0. 371195</ R2_GLOBAL>
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<CROSS_EFFECT>
<EFFECTS geneti c_background="P1P2" >- 0. 153123</ EFFECTS>

</ CROSS_EFFECT>
<QIL_EFFECT Chronosone_Origi n="chroml" Position="30.1">
<EFFECTS addi tive="P1 _P1P2P3">-0.411043</ EFFECTS>

</ QTL_EFFECT>

</ ESTI MATI ON>
</ TRAI T>

result LD.xml

The section dedicated to model parameter is slightly chédingeen using MCQTL_LD. The
EFFECTS tag gives the estimates of ancestral alleles andRIEDICTED tag gives the esti-
mates of parent line alleles. The following example conedrmQTL detected on a map position
where parent line P1 and P2 shared the same ancestral allele.

</ CROSS_EFFECT>
<QTL_EFFECT Chronosone_Origi n="chroml" Position="30.1">
<EFFECTS addi tive="P1_P1P2P3">-0.411043</ EFFECTS>
<EFFECTS addi ti ve="P2_P1P2P3" >0</ EFFECTS>

<PREDI CTED addi tive="P1">-0.411043</ PREDI CTED>
<PREDI CTED addi ti ve="P2">-0.411043</ PREDI CTED>

Tags have been chosen to be as explicit as they can. R2 tafg $tauthe percentage of variance
explained by a QTL and R2_GLOBAL tag for the percentage ofavene explained by the
model. The local_max_position attribute of a LOD_SUPPO&]J it the position around the
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corresponding QTL location where the Fisher test suprensifound. Ideally, this position
should be the QTL location but it could be slightly differeiithe LOD support interval is
computed around this local_max_position.

A\ Note that the estimated values of additive effects are timated values of the additive
allelic effects. The name of an additive allelic parametexdmposed by the parent name which
transmits the allele (P1 in the previous example), undeescby names of parent connected to
P1.

7 User interface

A java user interface is provided with MCQTL package. The owand line to run this interface
is MCQTL_Interface. Its aim is to help users throw the magpstof MCQTL package and
especially to create correct xml files for Multipop companétowever, this user interface does
not allowed all the new features of the MCQTL version V4.0.

A quick tutorial for this user interface can be found in the @T_Tutorial.pdf file.
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A List of errors of TranslateData

MISSING ARGUMENTS
USAGE : TranslateData file.map file.phen file.gen file.inf
ALTERNATE USAGE : TranslateData file.map file.phen file.gée.inf Output-Path

TOO MANY ARGUMENTS
USAGE : TranslateData file.map file.phen file.gen file.inf
ALTERNATE USAGE : TranslateData file.map file.phen file.gée.inf Output-Path

ERROR ON FILE ORDER (right order : .map, .phen, .gen, .inf)
ERROR : UNKNOWN KIND OF FILES

ERROR : CANNOT CREATE OUTPUT FILE please verified UNIX file p@ssions and disk
quota

ERROR : CANNOT WRITE OUTPUT FILE please verified UNIX file peissions and disk
quota

ERROR ON DATA TYPE POPULATION, LINE 1IN <...>.gen

ERROR ON NUMBER OF INDIVIDUALS, LINE 2 IN <...>.gen

ERROR ON NUMBER OF MARKERS, LINE 2 IN <...>.gen

ERROR ON ALTERNATE GENOTYPIC CODE, LINE 2 IN <...>.gen

ERROR : MISSING INFORMATION IN <...>.gen probably due to agsing carriage return

ERROR ON NUMBER OF MARKER GENOTYPIC DATA <marker name> IN %.gen pro-
bably due to invisible control character

ERROR : DIFFERENCE BETWEEN THE NUMBER OF MARKERS AND THE NUMHER
OF MARKER LINES IN <...>.gen

ERROR IN <...>.gen GENOTYPIC CODE : <...> IS NOT DEFINED

ERROR : DIFFERENCE BETWEEN THE NUMBER OF INDIVIDUALS AND THERUM-
BER OF TRAIT DATA IN <...>.phen

ERROR : THERE IS NO INFORMATION IN <...>.map OR IT ISN'T A RIGHMAPMAKER
FILE

ERROR : MISSING MARKER NAMES ON CHROMOSOME <chromosome nwer® IN
<...>.map probably due to a marker name that does not becarddyer

ERROR ON NUMBER OF MARKERS IN THE <chromosome number> CHROSM@ME IN
<...>.map probably due to a marker name that does not becarddyer

ERROR : MISSING INFORMATION IN <...>.map probably due to agsing carriage return
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ERROR : MISSING INTERMARKER DISTANCE FOR CHROMOSOME <chrospme num-
ber> IN <...>.map

ERROR ON NUMBER OF DISTANCES FOR CHROMOSOME <chromosome bern IN
<..>.map

ERROR : RECURRENT LINE FOR BACK-CROSS POPULATION MISSING INf FILE
ERROR : MARKER <marker name> NOT EXIST IN <...>.gen

INTERNAL ERROR : WRITE ERROR 1 please report bug...

INTERNAL ERROR : WRITE ERROR 2 please report bug...

INTERNAL ERROR : BAD REGEXP please report bug ...
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pour mission de développer et d’appliquer des méthodesaee st
tistiques et d'intelligence artificielle dans le cadre desngs
axes de recherche de I'INRA. L'unité travaille en partieuli
sur I'analyse par modélisation, simulation et optimisatite
systéemes en agronomie, écologie, épidémiologie, gesti@s{
tiere, et dans le domaine de la biologie sur la localisatibn e
l'identification d’éléments fonctionnels dans les génordes
bactéries, plantes et animaux, aux niveaux génétique,conolé
laire et de I'expression de genes.

Ces recherches s’accompagnent d’'une activité de produdtio
logiciels pour leur valorisation et d'une activité de fortina
pour leur diffusion.

The Biometry and Artificial Intelligence laboratory at Touke

is part of INRA (French National Institute for Agricultur&e-
search). Its mission is to develop and apply statistical aurtifi-

cial intelligence methodologies to the specific researamaios

of INRA. The laboratory develops methods for modeling, simu
lating and optimizing systems in agronomy, ecology, epiolem
logy, forest management. In biology, models and methods are
developed that aim at locating and characterizing funaiion
elements inside the genomes of bacteria, plants and animals
at the genetic, sequence and expression data levels. Tdos al
includes teaching and software development.
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