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SECTION 9.3.2
THE USE OF ‘PHENOTYP IC DISTANCE’ FOR EXA MINING DISTINCTNESS

1. This contribution has been planned to be a part of the document TGP/9, “Examining
Distinctness.” In practice, it is closely linked to document TGP/4, “Management ottari
Collections” which considers the ways to identify the varieties of common knowledge to
which a candidate variety must be compared in the examination of distinctness.

2. With this objective, France developed a system which is described iArthex to this
document. The main aims are the following ones:

(@) having large variety collections for some species, the limitation of the number of
varieties which must be grown with the candidate varieties;

(b) the improvement of the grouping systermmased on a characteristic by
characteristic basis as recommended by UPQOV, which is not always efficient enough;

(c) the simulation of what the examiner does when comparing two varieties: the
combination of differences on a set of characteristics, eacttheim being not being
necessarily sufficient to clearly distinguish the varieties.

3. Inorder to have a secure system, the notion of “Distinctness Plus” has been introduced.
It means that, based on a computation of the differences takingattmunt their size and the
reliability of each characteristic, the threshold used to sort out a variety is larger than the
minimum distance used by the expert to establish distinctness. With this approach, it
becomes possible to develop a software anddba good automation of this system for the
application.

4.  For each species, this system must be calibrated to determine the weight which can be
given to each difference and to evaluate the reliability of each characteristic in a given
envirorment and for the genetic variability concerned. It means that the role of the expert
remains essential.

5. As examples some figures are presented based on applications on Maize and Oilseed
Rape in France (see the two last pages of the Annex).

6. A portable version of the software is under preparation and it should be available in
2003 to all UPOV members.

[Annex follows]
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4 GAIA h

A SOFTWARE FOR ESTIMATING
PHENOTYPICAL DISTANCES BETWEEN
VARIETIES AND FOR MANAGING

K REFERENCE COLLECTION )

OBJECT

Theaim of this software foreachcandidatevariety isto :

- detectvery distinct (distinct+) varieties athe end of the
first year of study (on thebasisof descriptions made in the
field and storedn a database

- detectvarieties which needo be further comparedo
closevarieties duringhe secongearof study
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PRINCIPLE
- The estimation of thphenotypicadistancebetween?
varieties is basedn the addition of thedifferences
observedor the different characteristics
- Each difference observed is weightég the crop
expertaccordingto the value of thalifference ando the
reliability of each characteristic
Slide 4
Maize example
jary © R
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Variety A | 4 3 7 2 5 3 3 6
Variety B | 4 3 5 1 7 3 5 7 0
Difference| 0 0 2 1 2 0 2 17
Weight 0 0 2 0 0 0 2 0

Estimation of thgphenotypical
(QL) = qualitativecharacteristics distancehetweerA andB

(QT) = quantitativecharacteristics
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RULES FOR DECISION

- If the phenotypicalbistancebetweenA andB > threshold
(fixed by thecropexpert)

A andB aredeclaredlistinct+ andare notdirectly
comparedn the secongear

- If the phenotypicabistancebetweerA andB < threshold

A andB will be directly compared sidky sidein
thefield in the secongear
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DIFFERENT TYPES OF CHARACTERISTICS CAN
BE USED IN THE SOFTWARE

-> Qualitativecharacteristics observedn a 1 to 9scale
or transformed intd. to 9 scale

- Quantitativecharacteristics measured

- Electrophoretic characteristics observedispresencer absence
of each allele
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¥¢ Qualitativecharacteristics analysis

(and or quantitativecharacteristics transformed infoialitativecharacteristics

v ¥
Distinct + Non-qls_tmct
varieties varieties

& Electrophoresis analysils

|
v v

Distinct + N0n-fiis:tinct
varieties varieties

| & Quantitativecharacteristics analysi*
[

v ¥
Distinct + NOﬂ-.dlitlnct
varieties varieties

Direct comparisonin the field
in the secondyear

¥ - QUALITATIVE ANALYSIS
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Variety A 4 3 7 2 5 3 3 6
Variety B 4 3 5 1 7 3 5 7
Difference 0 0 2 1 2 0 2 1
Weight 0 0 @ 0 0 0 2 o |[Di=4
Variety A A
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E] 0/of2[3[1B]3]3 For each characteristic
?g 0 8 cz) %; ; necessityto definethe
e o 213 matrix of weights
7 olo]2
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Resultof the step v (qualitative analysi9

Maize: Thethresholdfor distinctness i$

>If D,>6 A andB are distinct+

2 Inthiscase, D<6 A andB are not distinct
we go tostep® (electrophoresis analy3is

Slide 10

® - ELECTROPHORESIS ANALYSIS

- 10 enzymes arasedfor maize

- malate dehydrogenagkIDH)

- isocitrate dehydrogena$®H)

- 6-phosphogluconatéehydrogenas@’GD)
- phosphoglucomutag®GM)

- phosphoglucoisomera$eGl)

- acidphosphatase (ACP)

- diaphoras€DIA)

- alcohol deshydrogenagaDH)

- glutamateoxalotransaminasg&OT)

- catalase (CAT)

- electrophoretic charateristcthomozygotellele
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IDH
enzyme
A{ge;
Idh1 Idh2
(chromosome 8) (chromosome 6)

2 alleles l l 2 alleles
Idh1 4 Idh2 4
Idh1 6

A characteristic observed as
presence or absence

Maize example

Chromosome 8 Chromosome 6
Idh1 4 Idh1 6 Idh2 4 Idh2 6
Variety A 0 1 1 0
Variety B 0 1 0 1
Difference 0 0 1 1
Numberof
differences Numberof chromosomes on
which differencesreobserved

v
Distance2= 2 x 025+ 1 x 1 =15

Weight associatetb the
numberof differences

Weight associatetb
chromosomes
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Rulesfor decision at step® (electrophoresis analysis

- ltis not possible tastablish distinctness soleby thebasis
of a difference foundn a characteristic derivetdy using
electrophoresis

- In maize necessityto have aphenotypicaldistancebased
on qualitativecharacteristicg 2 to take into accounthe
electrophoresis results

- After step¥cand®:

- 2varietiesA andB are distinctt+ if D,+D,> 6
withD; > 2

- in ourexemple, AandB are not distinct+ (D, + D, =5,5)
we go tostep®

Slide 14

B - QUANTITATIVE ANALYSIS

Rule of distinctness: aweight is associated whehdifferences
areobservedn 2 trials(1 trial = 1 location + lyea

Maize example: Lengthof plant

Trial 1 Trial 2
Variety A 176 190
anely em em Triall 20%=> 37 cm
Variety B 140 cm 152 cm 15%—= 28 cm
Difference 36 cm 38cm
- Trial2  20%=32cm
Weight 3 6 15%= 24 cm

2 thresholdvalues ardixed by thecropexpert
- If differencebetweenrA andB < 15% of themean lenghbof the trial= weight= 0
- If differencebetweenA andB > 15% of themean lenghof the trial= weight=3

- If differencebetweenA andB > 20% of themean lenghof the trial= weight=6
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Rulesfor decisionof the step ® (quantitative analysig

- Thecropexpert formaizehavedecidedo choosehe
lowestof the 2weights(in this case 3)

D, = 3

- Summary:.

Dl =4-2 (- contribution of quantitative
characteristics transformed ingoialitative

characteristics
XD=6,5

D,=15
D, =3

A and B are distinct +

Results obtainedin 2000

2420inbred linesn thereferencecollection
307 newinbred linesn thefirst yearof study

/ \ GAIA

836 882bcog1par|sons = 142 candidatearietiesare distinct+
to be done (43without electrophoresjs

= 165 candidatearietiesare not distinctt
A candidatevarietyhas omaverages,25 non
distinctvarieties(17,7without electrophoresjs

==> 864 comparisonsnustbe dondn thefield
in the secongearof study
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OTHER USES OF GAIA IN FRANCE
-> Officially : for rapeseed
-> Under test : forcereals and sunflower
Do o Oo Oo Oo o
RAPESEED
- GAIA is appliedon lines which are treatedas mainly self-
pollinated varieties
- 14 qualitativecharacteristics2 quantitativecharacteristics and
electrophoretic characteristics
- As for maize 2 trials are madeach yeain 2 locations (La Minére, Le
Magneraud)
- The phenotypicaldistanceis calculatedoy taking into accounthe two
locations : foreach characteristiche weightsare given if differencesare
observedn thetwo locationswith the samesens
Slide 18

Results obtainedin 2000/2001

255inbred linesn thereferencecollection
63 newinbred linescandidate

/ \ GAIA

19971comparisons = 3 candidatevarietiesare distinct+

to be done * 60 candidatearietiesare not distinctt :
A candidatevarietyhas omaveragel7 non distincvarieties|
- 31lvarietieshavebetweenl and10 non-distincwarieties
- 8 varietieshavebetweenl1 and20 non-distincvarieties
- 8 varietieshavebetweer21 and30 non-distincwarieties
- 8 varietieshavebetweerB1 and40 non-distincwarieties
- 5 varietieshave morghan41 non-distinciarieties

==>  1040comparisonsnustbe donen thefield
in the secongearof study

[End of Annex and of document]
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