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Summary
Statistical methods are well developed for locating
quantitative traits (QTLs) on molecular marker maps in
diploid species. However mapping in autotetraploid species,
such as potato, has received less attention because of the
complexities of tetrasomic inheritance. Here we propose a
maximum likelihood approach for QTL mapping in an
autotetraploid population, and use this to study the
inheritance of blight resistance and maturity in potato.

1. Inheritance in autotetraploid species
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Map of potato linkage group IV for the cultivar Stirling, showing
the overall map, and the allocation of the markers to the four
chromosomes of the group (C1-C4).

7. Modelling the quantitative trait data

If we knew the location of a gene affecting a quantitative trait,
and the parental origin of the chromosomes at that location,
qi, for each offspring i, we could model the trait values yi as
y i = F (q i )
for some function F. We only know the marker information oi
for each offspring. However we can write the likelihood of the
data as

f( y i , oi ) =

Cluster analysis can be used to separate markers into chromosome sets. The
markers within each set can then be ordered, based on the map distances
between all pairs of markers. The map distance is a transformation of the
recombination frequency to achieve additivity, and is measured in centiMorgans
(cM). The ordering problem is similar to a travelling salesman problem, and we
use simulated annealing to find the best order.

detected, are also highly informative.

f( y i | q i ) P( qi | g i ) P( g i | oi )P( oi )

The reconstruction (left) shows that this offspring carries
material from Stirling chromosomes C1 and C4 on the

search is used to identify configurations with the smallest number of
recombinations leading
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top section, chromosomes C1 and C3 on the middle

The figure shows the reconstruction
of the chromosomes inherited from
Stirling linkage group IV for one
offspring. This offspring carried the
markers shown in yellow in the overall
chromosome. Some marker names
are omitted as the offspring was not
scored for these. The branch and
bound algorithm shows that the
chromosomes must have paired as
C1 with C2, and C3 with C4, and that
two recombinations occurred, one for
each pair.
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8. Genetic control of foliage blight
in potato
These figures show the likelihood profiles for foliage blight on Stirling linkage groups IV
and V, with peaks at about 72cM and 44cM respectively. The dotted line shows the
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maturity effect. The fitted QTL model shows that for linkage group V chromosome C1
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95% point from a permutation test. Linkage group V also shows the profile for
maturity, with its peak close to that for blight, but there is no evidence for a QTL
affecting maturity on group IV. If the residuals from a regression of blight on maturity
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6. QTL configuration probability

The configuration of markers in each offspring is examined to see how the
chromosomes could have been derived from the parents. A branch and bound
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Conclusions and further work
It is now possible to assemble maps of molecular
markers and locate QTLs affecting quantitative traits in
autotetraploid species, as well as diploids.

Here we have assessed significance of the QTLs by means of a permutation
test to control the chromosome type I error rate, but further work is needed to
determine the significance thresholds to control the overall false discovery rate.

Software to carry out these analyses,
TetraploidMap, is available from the
authors.

