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Phenotypic Distances Prediction 
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Abstract 

In order to study the relationship between genetic and phenotypic dis­
tances. we propose a linear model linking phenotypic variables to mole­
cular markers. Assuming that parameters are known, and conditionally 
to the markers. this model pro,ides a confidence interval for phenotypic 
distances. Preserving a validation population, we have applied this model 
to maize data. Results are presented and discussed, as well as possible 
perspectives. 
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The phenotypic distance between two lines calculated from measures of phe­
notypic characteristics depends on their sensitivity to the environments. The 
Mahalanobis distance involves the correction of the dependance structure be­
tween the quantitative variables. 

The RFLP molecular markers have the advantage of being obtained quickly 
in laboratory with a good reproducibility. Using genetic markers linked to quan­
titative trait loci (QTL) , even partially, for phenotypic distances calculations 
could be of a great benefit for ,.-arietal description. 

Many genetic distances ha\·e been proposed, elaborated from genetic data on 
the basis of similarity inde."{es. To analyse the relationship between genetic and 
phenotypic distances, Burstin and Charcosset (1997) have given some evidence 
of a triangular linking structure. 

This linking structure founds some biological explainations: 
• Compensation of such elementary characteristics in complex characteristics 
e..xpression, 
• the low part of genom involved in phenotypic caracteristics e."{pression, 
• the different histories in co-selection of characteristics not physically linked 
but which combination give an adaptative or selective advantage (\CU"iation of 
linkage desequilibrium), 
• the lack of environmental conditions necessary for the expression of all char­
acteristics. 

\Ve could also explain this phenomenon by the internal dependance structure 
of the data. Indeed if L2 and :3 are three individuals, D(l,2) and .D(2,3) ~e 
(strongly) linked so it is possible that the triangular shape obser\·ed is a data 
artefact. 

Starting from Burstin and Charcosset work we have tried to develop a model 
linking genetic data to phenotypic variables. 

2 JYiaterial 

145 lines of maize. representative of the material released in France. were char­
acterised by using both RFLP markers and morphological traits used in current 
distinctness studies (Dillmann et aL 1997). 

Modified Rogers Distance ()..IRD) was calculated on RFLP data obtained 
from 80 monolocus probes, with one enzyme per probe. 

?vlahalanobis distance was calculated on morphological data for 10 quanti­
tative traits . collected at three locations in France~ during four years. Each 
location was planted with two replications in a block de5ign. 

Figure 1 shows the triangular shape of the relation between phenotypic and 
genetic distances (the weighting matrix beeing the variance-covariance matrbc 
of the residual of the ANOVA model considering all the known factors). Only 
100 lines were used in order to keep 45 lines for the validation of the modeL 
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The purpose is to link quantati\·e phenotypic variables to genetic data by a 
classical linear model relation. For each variable, we consider a subset of specific 
markers (subset of Quantitative Trait Loci- QTL- linked to this variable) that 
will have a linear effect on this \"Briable. The residuals are supposed to have a 
gaussian distribution. 

Notations: n is the number of individuals (i E {1!··· ,n}) 
m is the number of markers (k ~ {1, ... , m}) 
SJc is the number of alleles of the k-th marker 

m 

::vi= I: s~c 
k=l 

Xik is the value of the .hh marker for the ith individual (6~ik E {1, ... , s~c}) 
p is the number of morphological variables (j E { 1, . . . , p}) . 
Yij is the value of the jth variable for the ith indh"idual 
The model is: 

YiJ J.lj xi X 9· J + Eii 
(1~ 1) - (L 1) - (L .:.'vi) X Ovi, 1) + (1, 1) 

or: 

y - JL X X e ..!... E ' 

(n,p) - (n,p) - (n, .;.VI) X (i:'vf, p) + (n,p) 

and phenotypic distance bern·ee:n. two individuals i and i' can be e."'{pressed 
in terms of molecular markers as follow: 

with: 

The parameter estimation~ once chosen the QTL subset~ needs a large num­
ber of lines. In practice, even if our model does not torbide interaction betw~n 
markers. the low number of data forces us to ignore it. 

4 Results 

4.1 Triangular Linking Structure 

Once estimated the parameters. the triangular distribution appared in sim­
ulation. Figure 2 shows the relationship between phenot)"Pic and molecular 
distances. The weig:: .in~ matri.x used to workout mahalanobis distance was 
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given by the variance-co\·ariance matrL'X of the residual of the ANOVA. model 
considering all the known factor-s l the :same than the one of figure 1). 

Yloreover, we proved we could reject the assumption that such a structure 
would be a data artefact. 

If we use the weighting matri.-...: ~ual to the variance-covariance matrix of 
residuals considering the linear model between the two distances~ we still obtain 
similar results with real data and simulated data (results not shown). Thus, we 
can consider that this model reflect the reality. 

4.2 Phenotypics Distances Predictions 

\Ve decided to proceed conditionally to the markers rather than to the genetic 
distances. This gives the ad"\-antage to get rid of the choice of a genetic distance~ 
which is anyway an abstract of the genetic informations we have~ and of the lack 
of models for marker e.-xpression 

In this condition and assuming :hat the estimated parameters are the true 
ones~ the phenotypic distance ben,:een two individuals displays a non central x2 

distribution~ in which the degrees or freedom number is the phenotypic variables 
number~ and the non central parameter is the distance between two lines pre­
dicted by the model. This preciic:ed. distance is both computed with markers, 
and thus is a kind of genetic distance. and corrected by model parameters which 
depend on phenotypic data. 

Based on this distribution~ we can predict for two lines a confidence interval 
which will contain the phenotypic distance. 

As we can see in the table below. the predictions are not very good. 

Prediction and. 95% confidence interval 
Type Observed confidence 

2 86% 
1 -!8% 
0 :36% 

Type 2 stands for distances between two lines that has been both used for esti­
mation ( 100 lines), type 1 stands for distances between a line used for estimation 
( 100 lines) and a line not used for estimation ( 45 lines) and type 0 for distances 
between two lines of the validation ;>0pulation ( 45 lines). Figures 3 and 4 present 
the relationship between predicted data and real data for type 2 and for type 
0~ respectiYely. 

Two e."'Cplanations can be ~ven :o the lack of robustess of these predictions: 
• the quality of the parameters estimation is poor. due to the choice of 

QTL and to the low number of data. 
• parameters are only estimated. ones (if they were true ones. the type 2 

observed confidence would be 95rlr::. 
Some simulations indicated that the first hypothesis is the most important 

one. Howe,·er we think the study of parameter estimation handling has to be 
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pursued, as the question of lines number in relation to markers number will 
probably be important. 

5 Conclusion 

In order to be usefull in varietal management our prediction have to be more 
efficient. It will be obtain by several way: 
• a more suitable choice of QTL. 
• a larger number of lines for the same number of markers, 
• the development of prediction that take care of the statistic of parameter 
estimation. 

However~ a prediction allow to make the distinction only if its lower bound 
is upside a threshold value: so our interval predictions have to be as shorter as 
possible. 
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