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CAR[,AGENE: multipopulation integrated genetic and radiated hybrid mapping
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ABSTRACT as well as retention probability. Given experimental data, and
Summary: CARJAGENE is an integrated genetic andissuming some marker ordering, the values of these parame-
radiated hybrid mapping tool which can deal with multters can be estimated by maximizing the probability that the
ple populations, including mixtures of genetic and RH dat@ata observed has been generated by the model. This likeli-
CARJ AGENE performs multipoint maximum likelihood esti-hood allows therefore to simultaneously evaluate the assumed
mations with accelerated EM algorithms for some pedigre@arker ordering and to estimate the corresponding param-
and has sophisticated algorithms for marker ordering. De€liers (distances). This is done by a so-called Expectation-
cated heuristics for framework mapping are also included. Maximization (EM) algorithm. Models for backcross, 2 in-
CARJLAGENE can be used as a C++ library, through ¥rcross, recombinant inbred lines (self and sibs) and phase-
shell command and through a graphical interface. XML oughown outbreds are available. For RH estimation, the equal
put for companion tools is integrated. retention model both in its haploid and diploid forms is used.
Availability: The program is available free of chargdhe EM forward-backward algorithm used imR{AGENE

onwww.inra.fr/bia/T/CarthaGene for Linux, Windows and has been accelerated by taking into account specific properties
Solaris machines (with Open Source). of backcross and haploid RH data (see (Scleieal. 2001)).

Compared to usual EM implementations, the accelerated al-
gorithm can run one or two orders of magnitude faster with
no loss of precision.

CARJ,AGENE provides two ways to merge data files.

Genetic mapping aims at locating polymorphic mark- I hat the d q .
ers on chromosomes by exploiting a probabilistic model o (1) If one assumes t att. e data merge reprgsents asin-
map (same order and distances, either genetic or RH), a

crossing-over. Many genetic mapping tools are available% I - inds d U d Kers i
analyze data in experimental crosses. Most of them are ga-ca edyenetic mergings done. Untyped markers in a pop-

signed to analyze line crosses, one family at a time; few cléllﬁlt'Onlr’a_‘r]el a(rje cogsgi'red SS mIS?In% dtata and ?Ee conser:j—
integrate data from several crosses to build consensus map 1S produced. and genetic data cannot be merge
(seelinkage.rockfeller.edu/soft) under this model because they use different distances.

Radiation hybrid (RH) mapping is a somatic cell tech- (2)'Otherwise, it i's assumed that the data filgs are repre-
nique with the same aim. It nicely complements tm':é_e_ntat_we of maps with a common mar_ker ordering but spe-
genetic mapping technique, allowing for finer resolutioﬁ!f'c distances per data-set. Here, a single consensus order-

Most existing RH mapping packages are listedcatmp- ing is produced but a specific set of distances is estimated for
gen.rutgers.edu/rhmap. each model merged. Any type of data, genetic or RH, can be

Although capable of handling line crosses)®lAGENE merged here. Th!s is callextder merging These two meth-
has been designed to create consensus maps from mﬂﬂ?— can be cc_;mbmeql freely. ) ) )
ple populations. Instead of directly integrating existing FOr genetic merging, the EM implementation deals with
maps, QRJAGENE computes maximum multipoint likeli- c0mbined data sets by performing E computation on each data
hood maps, taking into account all the available informatio?t @nd then using a M step that takes into account the merg-
offering additional reliability. It can integrate RH and geneti®d performed. For data-sets merged by order, independent
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INTRODUCTION

data together. log-likelihoods are obtained per data-set and summed up.
The main problem in genetic or RH mapping comes
METHODS from the number of possible marker orders. Fomark-

Parametric probabilistic HMM based models for crossfs, there exist%I different possible orders. Since (Liu 1995;
over during meiosis (Landeet al. 1987) and for chro- Schiex and Gaspin 1997) for genetic mapping and (Ben-Dor
mosome breakage and retention during RH panel constreical. 2000) for RH mapping, the connection between map-
tion (Langeet al. 1995) involve parameters such as recomiging and thdraveling salesman proble(msp) is well known.
nation and breakage probabilities between adjacent marker®R[;AGENE relies on this connection and provides exten-



sions ofTspsolving algorithms: Ben-Dor Amir, Chor Benny, and Pelleg Dan. 2000. RHO — radia-

o fast heuristics (egnearest neighbgrusing 2-point in- 10" Nybrid ordering Genome Research0:365-378.

formation for guidance and multipoint estimations forHelsgaun K.~ 2000. ~ An effective implementation of
final evaluation: the lin-kernighan traveling salesman heuristic. Euro-

pean Journal of Operational Research126(1):106-130.
e more powerful meta-heuristics (eg. simulated anneabhttp://www.dat.ruc.dk/"keld/research/LKH.
ing and taboo search) directly using multipoint maxi-jourjon Marie-Francoise, Jasson Sylvain, Marcel Jacques, Ngom
mum likelihood as the optimization criterion. Baba, and Mangin Brigitte. 2004. Mcqtl: Multi-allelic gtl mapping

- _ . in multi-cross designBioinformatics To appear.
e even more efficient purespheuristics such as the Lin- q brah | | .
Kernighan heuristic (Lin and Kernighan 1973), usingl‘an er E.S., Green P., Abrahamson J., Barlow A., Daly M. J., Lin-

the LKH implementation (Helsgaun 2000). These algo_coIn S. E., and Newburg L. 1987. MAPMAKER: An interactive

. . . . . .2 computer package for constructing primary genetic linkage maps
rithms can l_"se either multiple 2-point maximum likeli- of experimental and natural populatiorGenomics1:174-181.
hood orobligate chromosome breakBen-Doret al. : i

. . . Lange Kenneth, Boehnke Michael, Cox David R., and Lunetta

2000; Agarwaleet al. 2000) to define optimal maps. . . L _

Il th identified in thi h | athryn L. 1995. Statistical methods for polyploid radiation hybrid
A _t e map;? ! e_n:';vl t|>n t '; W?y a:? then evaluate apping.Genome Research(2):136-150.
using a mutti-poin ased estimation. Lin S. and Kernighan B.W. 1973. An effective heuristic algorithm
o finally, dedicated heuristics for framework mapping,for the traveling salesman proble@per. Res.21:498-516.

duplicated marker detection and map validation. Liu B. H. 1995. The gene ordering problem, an analog of the

A unique feature of GR;AGENE is that, instead of produc- tra"?"”g salesman pr(_’blem' Hiant Genome 95 _
ing a single supposedly optimal map, it produces an orderexfhiex T. and Gaspin C. 1997.  Cartagene: Constructing
set of alternative maps which allows to estimate the relig8d Joining maximum likelihood genetic maps. ~ Froc. of

bility of ordering of each marker. The set of all these map MB_’97, Por_to Carras, Halkidiki, Greece. Software available at
can be explored manually and compared graphically (with \ng_v"nra'fr/b'a/T_/CMaGene' . )
Postscript output). Dedicated automatic tools facilitate thgchiex T., Chabrier P., Bouchez M., and Milan D. 2001. Boosting
identification of unreliable markers for further analysis. EMfor radiation hybrid and genetic mapping.froc. of WABI'01

Final maps can be produced under MapMaker (Lande‘:’romme 2149 OLNCS pages 41-51.

. =] CarthaGene Uindow e
et al.(1987_) and T(ML fo)rrzwats flo_r :jata ex::hf'inge With MGl para Loci search maps Help|
QTL (Jourjonet al. 2004) (a multiple population QTL map-

. . Defal SEM | Ni d | Ni I | Build | BuildFW | A li Tak
ping software) and BioMercator (Arca@e al. 2004) (a soft- 00d o comap | imet | sk | sk | anvasig| Taoo |
ware for integrating genetic maps and QTL detected in ind Load et ﬁﬁgzgﬁéi:n(ig;gg?ggé\nla A ——
pendent experiments). I |
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IMPLEMENTATION CARJAGENE is implemented as Mergor Ep
a C++ library. A Tcl programmable shell command for aut I o i <
mated mapping is available and a graphical Tcl/Tk interfa) _ Sraeuieal [« ot b —oi 3 g e
for interactive mapping. Binaries for Windows, Solaris ar|— =L e = woresson - e / :j:sm
Linux are provided with an open source distribution (usi — b i 0" 170 T 2000 M YL / \”’”
. . [-101.6%] -~ All3
the G-Forge sitenulcyber.toulouse.inra.fr). - cotinipeen 3 i, | e
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ﬁfﬁ. 1. A typical graphical session of AR];AGENE, display-
ing possible maps with distance and loglikelihoods.



