SNPs informativity on reference animals from the studied experimental design, followed by a
genotyping of all the animals for markers selected based on the results of the first step. The
marker selection is complicated by the fact that markers the most heterozygous in reference
animals are not homogenously spaced across the genome, and the number of markers to
handle has greatly increased. It is therefore not possible anymore to select the markers without
dedicated software. Different tools have already been proposed to select Tag SNPs [3-11], but
most of them are based on very high marker density and linkage disequilibrium information
and cannot be used in exotic species and species without SNP arrays for which linkage
disequilibrium information is not always available. We propose here a tool to select the best
possible markers for further linkage analysis, without any use of linkage disequilibrium
information. Its originality is the use of both marker location in the genome and
heterozygosity in parental animals.

The MarkerSet software was written in the PERL programming language and can be
downloaded with manual and example files at http://www.sigenae.org/index.php?id=136.

The software is designed to use already available information about markers informativity,
expressed in number of heterozygous animals out of all the reference animals tested in the
experimental design. This allows the use of any kind of markers, as well as their combinations
if needed. If more than one experimental design is to be genotyped, a specific set of SNPs can
be selected, or the marker informativity for all these experimental designs can be used
simultaneously to select common sets of markers. In case of a marker set selection common to
all designs, both general informativity score and experimental design specific scores are
detailed, so it is possible to evaluate specifically the marker set informativity for each
experimental design.

In most species, the only available information for the markers will be their physical location
(especially true for SNP markers), as all the markers have not been tested on a reference
population to estimate genetic distances. Nevertheless, for a QTL mapping, the genetic
distances are the key points as, depending on the species, the recombination rate can highly
vary. So MarkerSet uses physical distances as input and converts them into cM. This
conversion can be adapted to fit the specificity of the studied species (as an example, in pigs,
we can considerer that 1 cM corresponds to approximately 1 Mb).

Basically, the algorithm will select the most informative markers in two windows separated
by a constant gap, and sliding on the genome (see Figure 1A). In case of a similar
informativity between several markers in a window, MarkerSet will select the closest marker
from the middle of the window. Using this strategy, the distance between two markers is the
first criterion of selection, and the informativity is used for discriminating closely located
markers. The two main variables are the first window starting point on the genome and the
size of the gap separating the two windows. Depending on the number of markers to select
and the size of the genome, MarkerSet will compute different window starting points to get
the best genome coverage.

The gap size and the window size are defined by the average marker interval (AMI),
corresponding to a ratio of the whole genome size and the number of the markers to select.
The AMI percentage used to calculate the window size is defined in the config.pm file (set by
default as 20% of the AMI). So, the setting of the selection window size is automatically
handled by the software.

These two parameters (AMI and window size) permit to compute the number of possible
starting points (i.e. the number of selected marker panels). Thus, for each combination of
these parameters, a marker selection will be performed with a fixed starting point and multiple
iterations over the genome (Selection Frame). At each iteration step, the starting point of each
pickup box will be increased by AMI+window size (see Figure 1A).









Table 2: Testing results for the real data set, requesting 384 and 1536 markers.

Real dataset
Max info, Score Ratio -rgain Dmax Dmin AwveD|StD Markers O markers

Expl 3509.86 528.67 286 04 92 22 380 72
Exp2 5958.31 808.76 287 04 92 22 380 32
Basic  Exp3 5685.11 680.55 206 06 92 2 380 10
Exp4 6503.60 785.52 17.8 0.2 9.1 |21 382 7
Exp5 5293.64 673.66 175/ 02 91 2 382 26
Expl 605.03 14.44% 90.3 0.4 95 58 366 0
Exp2 887.82 9.78% 20.6 0.3 9.2 25 383 0
R Exp3 701.85 3.13% 168 05 9.1 21 384 0
Exp4 803.9 234% 166 0 @ 9.1 2.1 384 0
Exp5 713.43 5.90% 26.9 05 9.2 25 380 0
MD  3581.64 | 979.58 11.7 0.1 25 |09 1461 137
Expl 801.79  0.81
MD Exp2 1512.85 0.92
Exp3 1282.7 | 0.89
Exp4 1494.43 | 0.9
Exp5 1229.34 0.89
MD 1114.33 13.76% 11.3 0.1 | 2.4 |09 1483 0
Expl 898.48 0.47 12.06%
R+MD | EXP2 1720.82 0.6 13.75%
Exp3 1446.47 0.72 12.77%
Exp4 1695.42 0.73 13.45%
Exp5 1400.07 0.63 13.89%

The data file includes the genotype of 9216 SNPs covering the whole genome for The 26 F1 sires of five real chicken F2 designs (4 in Exp1, 5 in Exp3 and Exp5 and
6 in Exp2 and Exp4). For each markers panel and condition, the maximal available informativity score (max info), the selected set score, the multidesign/monodesign
ratio, the score gain obtained by using the resampling (-r gain), the maximal (Dmax), minimal (Dmin), average (AveD) and standard deviation (StD) distances
between two markers, the number of selected markers and the number of no informative markers in this set are detailed. R and MD refer at resampling option
activation and multidesign option activation, respectively. With the resampling option, the gain is inversely proportional to the maximum informativity, except for Exp2,
because of an overrepresentation of markers heterozygous for 0 and 6 animals in this experimental design. The results for multidesign mode (1536 markers) are
similar to those obtained with the 5K markers file: the ratio is about 0.90, and the resampling option permits the increase of the number of selected markers (and thus
the final score) without significant modifications of the average distance and the standard deviation.
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