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GAIA THEORETICAL PRESENTATION

A SOFTWARE FOR ESTIMATING PHENOTYPICAL DISTANCES BETWEEN

VARIETIES AND FOR MANAGING REFERENCE COLLECTION
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Object

The aim of this software for each candidate 
variety is to:

detect very distinct varieties = GAIA‐distinct 
varieties, at the end of the first year of study 
(on the basis of description made in the field 
and stored in a database)

detect varieties which need to be further 
compared to close varieties
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Principle

The estimation of the phenotypical distance 
between 2 varieties is based on the addition 
of the differences observed for the different 
characteristics

Each difference observed is weighted by the 
crop expert according to the value of the 
difference and to the reliability of each 
characteristic
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Type of grain (Q
L

)

A
ttitude of lateral 

branches (Q
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nthocyanin coloration 

of glum
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ength of husks (Q

L
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N
um

ber of row
s of 

grain (Q
L
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D
iam

eter of the ear (Q
T

)

T
im

e of anthesis (Q
T

)

…

Variety A 4 7 2 5 3 3 6 …

Variety B 4 5 1 7 3 5 7 …

Difference 0 2 1 2 0 2 1 …

Weighting 0 2 0 0 0 2 0 …

Example

W = 4

Estimation of the phenotypical 
distance between A and B

(QL) = qualitative characteristics

(QT) = quantitative characteristics
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Rules for decision

If the phenotypical distance between A and 
B > threshold  (fixed by the crop expert)

A and B are declared GAIA‐distinct and are not directly 
compared in the second year

If the phenotypical distance between A and 
B < threshold 

A and B are declared GAIA Non‐distinct will be directly 
compared side by side in the field in the second year 
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Different types of characteristics

Qualitative characteristics
observed in a 1 to 9 scale or transformed into 1 to 9 scale

Quantitative characteristics
measured

Electrophoretic characteristics

observed as presence or absence of each allele
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Qualitative analysis

GAIA‐distinct
varieties

GAIA non‐distinct

varieties

Electrophoresis analysis

Quantitative analysis

Direct comparison in the field in the second year

GAIA‐distinct
varieties

GAIA‐distinct
varieties

GAIA non‐distinct
varieties

GAIA non‐distinct
varieties
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Qualitative analysis for 1 cycle

Comparison of varieties A and B:

Leaf: Green 
colour

Variety A 6

Variety B 4

Difference 2

Weighting

The weightings matrix for this 
characteristic :

1 2 3 4 5 6 7 8 9

1 0 1 3 4 6 6 6 6 6

2 0 1 3 4 6 6 6 6

3 0 1 3 4 6 6 6

4 0 1 3 4 6 6

5 0 1 3 4 6

6 0 1 3 4

7 0 1 3

8 0 1

9 0
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Qualitative analysis for 1 cycle

Comparison of varieties A and B:

Leaf: Green 
colour

Variety A 6

Variety B 4

Difference 2

Weighting 3

The weightings matrix for this 
characteristic :

1 2 3 4 5 6 7 8 9

1 0 1 3 4 6 6 6 6 6

2 0 1 3 4 6 6 6 6

3 0 1 3 4 6 6 6

4 0 1 3 4 6 6

5 0 1 3 4 6

6 0 1 3 4

7 0 1 3

8 0 1

9 0
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Qualitative analysis for 1 cycle
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Leaf: Green 
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Difference 2
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Qualitative analysis for 1 cycle

Comparison of varieties A and B:
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colour

Variety A 6

Variety B 4

Difference 2

Weighting 3
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Qualitative analysis for 1 cycle

Comparison of varieties A and B:

Leaf: Green 
colour

Variety A 6

Variety B 4

Difference 2

Weighting 3

The weightings matrix for this 
characteristic :

1 2 3 4 5 6 7 8 9

1 0 0 2 3 6 6 6 6 6

2 0 0 2 3 6 6 6 6

3 0 0 2 3 6 6 6

4 0 0 2 3 6 6

5 0 0 2 3 6

6 0 0 2 3

7 0 0 2

8 0 0

9 0

Leaf:
Dentation

7

5

2
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Qualitative analysis for 1 cycle

Comparison of varieties A and B:

Leaf: Green 
colour

Variety A 6

Variety B 4

Difference 2

Weighting 3

The weightings matrix for this 
characteristic :

1 2 3 4 5 6 7 8 9

1 0 0 2 3 6 6 6 6 6

2 0 0 2 3 6 6 6 6

3 0 0 2 3 6 6 6

4 0 0 2 3 6 6

5 0 0 2 3 6

6 0 0 2 3

7 0 0 2

8 0 0

9 0

Leaf:
Dentation

7

5

2
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Qualitative analysis for 1 cycle

Comparison of varieties A and B:

Leaf: Green 
colour

Variety A 6

Variety B 4

Difference 2

Weighting 3

The weightings matrix for this 
characteristic :

1 2 3 4 5 6 7 8 9

1 0 0 2 3 6 6 6 6 6

2 0 0 2 3 6 6 6 6
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7 0 0 2

8 0 0
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Qualitative analysis for 1 cycle

Comparison of varieties A and B:

Leaf: Green 
colour

Variety A 6

Variety B 4

Difference 2

Weighting 3

The weightings matrix for this 
characteristic :

1 2 3 4 5 6 7 8 9

1 0 0 2 3 6 6 6 6 6

2 0 0 2 3 6 6 6 6

3 0 0 2 3 6 6 6

4 0 0 2 3 6 6

5 0 0 2 3 6

6 0 0 2 3

7 0 0 2

8 0 0

9 0

Leaf:
Dentation

7

5

2
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Qualitative analysis for 1 cycle

Comparison of varieties A and B:

Leaf: Green 
colour

Variety A 6

Variety B 4

Difference 2

Weighting 3

Leaf:
Dentation

7

5

2

2  = 5

The phenotypic distance 
between A and B
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Qualitative analysis for 2 cycles

Example of the characteristic : Green colour of the leaf

Cycle 1

Variety A 6

Variety B 5

Difference 1

Weighting

The weightings matrix for this 
characteristic for 1 cycle:

1 2 3 4 5 6 7 8 9

1 0 1 3 4 6 6 6 6 6

2 0 1 3 4 6 6 6 6

3 0 1 3 4 6 6 6

4 0 1 3 4 6 6

5 0 1 3 4 6

6 0 1 3 4

7 0 1 3

8 0 1

9 0
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Qualitative analysis for 2 cycles

Example of the characteristic : Green colour of the leaf

Cycle 1

Variety A 6

Variety B 5

Difference 1

Weighting 1

The weightings matrix for this 
characteristic for 1 cycle:

1 2 3 4 5 6 7 8 9

1 0 1 3 4 6 6 6 6 6

2 0 1 3 4 6 6 6 6

3 0 1 3 4 6 6 6

4 0 1 3 4 6 6

5 0 1 3 4 6

6 0 1 3 4

7 0 1 3

8 0 1

9 0
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Green colour of the leaf

Cycle 1

Variety A 6

Variety B 5

Difference 1

Weighting 1

Cycle 2

5

4

1

The weightings matrix for this 
characteristic for 2 cycles:

1 2 3 4 5 6 7 8 9

1 0 3 4 6 6 6 6 6 6

2 0 3 4 6 6 6 6 6

3 0 3 4 6 6 6 6

4 0 3 4 6 6 6

5 0 3 4 6 6

6 0 3 4 6

7 0 3 4

8 0 3

9 0

The weightings matrix for 
this characteristic for 1 
cycle: =>

1 2 3 4 5 6 7 8 9

1 0 1 3 4 6 6 6 6 6

2 0 1 3 4 6 6 6 6

3 0 1 3 4 6 6 6

4 0 1 3 4 6 6

5 0 1 3 4 6

6 0 1 3 4

7 0 1 3

8 0 1

9 0

Qualitative analysis for 2 cycles
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Qualitative analysis for 2 cycles

Green colour of the leaf

Cycle 1

Variety A 6

Variety B 5

Difference 1

Weighting 1

Cycle 2

5

4

1

The weightings matrix for this 
characteristic for 2 cycles:

1 2 3 4 5 6 7 8 9

1 0 3 4 6 6 6 6 6 6

2 0 3 4 6 6 6 6 6

3 0 3 4 6 6 6 6

4 0 3 4 6 6 6

5 0 3 4 6 6

6 0 3 4 6

7 0 3 4

8 0 3

9 0

The weightings matrix for 
this characteristic for 1 
cycle: =>

1 2 3 4 5 6 7 8 9

1 0 1 3 4 6 6 6 6 6

2 0 1 3 4 6 6 6 6

3 0 1 3 4 6 6 6

4 0 1 3 4 6 6

5 0 1 3 4 6

6 0 1 3 4

7 0 1 3

8 0 1

9 0
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Qualitative analysis for 2 cycles

Green colour of the leaf

Cycle 1

Variety A 6

Variety B 5

Difference 1

Weighting 1

Cycle 2

5

4

1

The weightings matrix for this 
characteristic for 2 cycles:

1 2 3 4 5 6 7 8 9

1 0 3 4 6 6 6 6 6 6

2 0 3 4 6 6 6 6 6

3 0 3 4 6 6 6 6

4 0 3 4 6 6 6

5 0 3 4 6 6

6 0 3 4 6

7 0 3 4

8 0 3

9 0

The weightings matrix for 
this characteristic for 1 
cycle: =>

1 2 3 4 5 6 7 8 9

1 0 1 3 4 6 6 6 6 6

2 0 1 3 4 6 6 6 6

3 0 1 3 4 6 6 6

4 0 1 3 4 6 6

5 0 1 3 4 6

6 0 1 3 4

7 0 1 3

8 0 1

9 0

Weighting 3 3
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Qualitative analysis for 2 cycles

Green colour of the leaf

Cycle 1

Variety A 6

Variety B 5

Difference 1

Weighting 1

Cycle 2

5

4  3

1

The weightings matrix for this 
characteristic for 2 cycles:

1 2 3 4 5 6 7 8 9

1 0 3 4 6 6 6 6 6 6

2 0 3 4 6 6 6 6 6

3 0 3 4 6 6 6 6

4 0 3 4 6 6 6

5 0 3 4 6 6

6 0 3 4 6

7 0 3 4

8 0 3

9 0

Weighting 3 3
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Qualitative analysis for 2 cycles

Green colour of the leaf

Cycle 1

Variety A 6

Variety B 5

Difference 1

Weighting 1

Cycle 2

5

4  3

1  2

The weightings matrix for this 
characteristic for 2 cycles:

1 2 3 4 5 6 7 8 9

1 0 3 4 6 6 6 6 6 6

2 0 3 4 6 6 6 6 6

3 0 3 4 6 6 6 6

4 0 3 4 6 6 6

5 0 3 4 6 6

6 0 3 4 6

7 0 3 4

8 0 3

9 0

Weighting 3 3
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Qualitative analysis for 2 cycles

Green colour of the leaf

Cycle 1

Variety A 6

Variety B 5

Difference 1

Weighting 1

Cycle 2

5

4  3

1  2

The weightings matrix for this 
characteristic for 2 cycles:

1 2 3 4 5 6 7 8 9

1 0 3 4 6 6 6 6 6 6

2 0 3 4 6 6 6 6 6

3 0 3 4 6 6 6 6

4 0 3 4 6 6 6

5 0 3 4 6 6

6 0 3 4 6

7 0 3 4

8 0 3

9 0

Weighting 3 3  4
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Qualitative analysis for 2 cycles

The different options

Weighting associated to the highest difference: maximalist option

Cycle 1

Variety A 6

Variety B 5

Difference 1

Cycle 2

5

3

2

Weighting 3 4 Weighting = 4
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Qualitative analysis for 2 cycles

The different options

Weighting associated to the highest difference: maximalist option

Weighting associated to the lowest difference: minimalist option

Cycle 1

Variety A 6

Variety B 5

Difference 1

Cycle 2

5

3

2

Weighting 3 4

Weighting = 3
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Qualitative analysis for 2 cycles

The different options

Weighting associated to the highest difference: maximalist option

Weighting associated to the lowest difference: minimalist option

Mean of weightings:mean option

Cycle 1

Variety A 6

Variety B 5

Difference 1

Cycle 2

5

3

2

Weighting 3 4

Weighting = 3.5
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Qualitative analysis for 2 cycles

Take into account the direction of the difference or not?

Cycle 1

Variety A 6

Variety B 5

Difference 1

Cycle 2

5  4

3  5

2  -1

Weighting 3 4

1 2 3 4 5 6 7 8 9

1 0 3 4 6 6 6 6 6 6

2 0 3 4 6 6 6 6 6

3 0 3 4 6 6 6 6

4 0 3 4 6 6 6

5 0 3 4 6 6

6 0 3 4 6

7 0 3 4

8 0 3

9 0

The weightings matrix for this 
characteristic for 2 cycles:
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Qualitative analysis for 2 cycles

Take into account the direction of the difference or not?

Take into account the direction of the difference:
=> no weighting is associated

Not take into account the direction of the difference:
=> weighting = 3

Cycle 1

Variety A 6

Variety B 5

Difference 1

Cycle 2

5  4

3  5

2  -1

Weighting 3 4

1 2 3 4 5 6 7 8 9

1 0 3 4 6 6 6 6 6 6

2 0 3 4 6 6 6 6 6

3 0 3 4 6 6 6 6

4 0 3 4 6 6 6

5 0 3 4 6 6

6 0 3 4 6

7 0 3 4

8 0 3

9 0

The weightings matrix for this 
characteristic for 2 cycles:
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1. Select varieties and characteristics you know very well
2. Define weightings for the differences on each characteristic

Compute and look if 
results are consistent 
with your knowledge

Reduce number of 
varieties or characteristics

1. Select a bigger set of varieties and/or characteristics
2. Define or update weightings for some characteristics

Identify cases which puzzle you.Is it caused by :
‐ a new characteristic?
‐ the relative importance of 2 characteristics?
Are there a lot of puzzling cases, or only very few?

1. Exchange and show to colleagues, breeders … that know the 
crop well
2. Validate weightings by characteristic, for use of the software

NO

YES

YES

NO

Compute and look if 
results are consistent 
with your knowledge
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How define weighting matrix ?
Example of maize

The experts made the following classification for 
each characteristic 

Group 1: Very reliable characteristic (ex: type of grain)

Group 2: Reliable characteristic (ex: color of silk )

Group 3: Less reliable characteristic (ex: shape of tip)

Super distinctness needs at least:

 1 very reliable characteristic

 2 reliable characteristic

 3 less reliable characteristic 
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The threshold value ?

The common multiple between 1,2 and 3 is 6 

=> 6 will be the threshold for “super distinction” 

in maize

1 very reliable characteristic will be enough to reach the threshold value

 2 reliable characteristics will be enough to reach the threshold value

3 less reliable characteristics will be enough to reach the threshold value
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Example of Very reliable characteristic
Ear: Type of grain

1 corné 
flint 

2 corné à 
corné-
denté 
flint-like 

3 corné-
denté 
intermediate

4 corné-
denté à 
denté 
dent-like 

5 denté 
dent 

 

Stade :92 grain dur   
Niveau : tiers moyen de l'épi 

Time :92 hard grain  
Place :middle third of ear  

 
1 2 3 4 5 6 7

1 0 0 6 6 6 6 6

2 0 0 6 6 6 6

3 0 0 6 6 6

4 0 0 6 6

5 0 0 6

6 0 0

7 0
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Example of less reliable characteristic
First leaf: shape of tip

Stade :14  
 4 feuilles étalées   

Time :14 
 4 leaves unfolded    

 

1 pointu
pointed

3 arrondi
round

5 spatulé
spatulate

1 2 3 4 5

1 0 0 2 2 2

2 0 0 2 2

3 0 0 2

4 0 0

5 0


