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RESULTSRESULTS

PURPOSE OF THE STUDYPURPOSE OF THE STUDY

[A] What is the Minimum set of Discriminant Markers (MSDM) ...
• ... for a given set of known parental genotypes ?
• ... for hypothetical offspring comprising Selfs, Full-sibs, Half-sibs
and unrelated individuals ?

[B] What are the attributes of a discriminant marker ?

[C] Does the presence of null alleles affect the result ?

MATERIAL AND METHODSMATERIAL AND METHODS

Methodological approach
Development of ZETA(*) Monte-Carlo simulation software to obtain…
• …basic genetic descriptors for each marker (heterozygosity, effective 
number of alleles, measures of relatedness, etc);
• …MSDM with error = 0 (if enough markers) for the sample of 140 élites;
• …MSDM with error > 0 for any hypothetical set of offspring from élites 
parents (or parental gene pool);
• …and MSDM with the presence of null alleles.

Discriminant power (D) = proportion of 1’s across
bootstrapped cases.
Thus, the frequency of pairwise comparisons for which 
a marker presents distinguishable genotypic patterns 
over the assemble of comparisons across the sample 
under study.
The error of confusion (C) is equal to 1-D.

Monte-Carlo D was obtained by 
bootstrap of 10^(+6) pairs of 
genotypes: (i) of non-related, half-
sibs, full-sibs and selfs; (ii) 
existing élite genotypes.
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We presented a useful tool to analyse the 

discrimination power (D) and to minimize the 

subsequent risk of confusion (C) in the fingerprinting 

of genotyped breeding populations.

For the present case, safe fingerprinting was possible 
with  a limited number of highly polymorphic SSR. The 

fingerprinting capacity of these SSRs was stable 

across sub-samples of distinct origin within the élite, 
and also between simulated offspring.

Fingerprinting capacity may be reduced by the 

presence of null alleles. The choice of highly 
polymorphic SSR could eventually minimize this 

effect.

CONCLUSIONS

RAIZ breeding
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Sample of 140 élites
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molecular markers (see ref.): 
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Figure 1: Discriminant power (D) and effective number of alleles (Ne) for the 17 SSR and 
140 élites used in this study, with a 4 SSR MSDM (filled symbols).

[A] MSDM
4 SSR: C=2x10^(-4)
6 SSR: C=10^(-4)
12 SSR: C<<10^(-6)

[B] MSDM comprised
systematicaly highly
polymorphic SSR with
Ne >=11, i.e. high
polymorphism + low
variance of allelic
frequencies.
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Figure 2: Discriminant power (D), 
with MSDM (filled symbols) for 
simulated offspring, with pairs of 
unrelated individuals (UR; upper
line), half-sibs (HS), full-sibs (FS) 
and pairs of sefs (SF; lower line).

[A] MSDM
6 SSR for SF: C=10^(-2)
4 SSR for FS: C=10^(-2)
2 SSR for HS: C=10^(-4)
2 SSR for UR: C<<10^(-6)
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[C] The élite’s deficit in H could be partly explained by the presence of null alleles. Note that
this deficit followed a similar pattern to that shown by the F1 with null alleles.

Figure 3: Difference
between expected (He) and 
observed heterozygosity 
(Ho), for élites F0, simulated
F1 from random mating of 
élites with no presence of 
null alleles, and simulated
F1 from random mating of 
élites with null alleles
(100% of all the 
homozygotes).
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Figure 4: D for same cases as in 
Fig. 3.

[C] For a limited number of 
scenarios, the presence of null
alleles in the élites increased D in 
their simulated offspring (ex., 
case of parental carriers of 1 null
allele). In general, however, null
alleles decreased D in the 
offspring, especially for those
SSR of low polymorphism.
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(*) publicy available user-friendly version of ZETA in preparation…
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