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UPOV-BMT TWA
Ad Hoc Crop Subgroup on Molecular Techniques

for Maize

Chicago, United States of America, December 3, 2007

POSSIBLE USE OF MOLECULAR TECHNIQUES IN DUS TESTING
ON MAIZE :

HOW TO INTEGRATE A NEW TOOL TO SERVE THE 
EFFECTIVENESS OF PROTECTION OFFERED

UNDER THE UPOV SYSTEM

USE OF MOLECULAR MARKERS FOR CHECKING SEED LOTS 
IDENTITY AND HYBRID FORMULAE IN MAIZE

Document prepared by  :

Joëlle Lallemand, Renaud Hardy, Daniel Guerin, Cécile Collonnier, Joël Guiard

GEVES  - France
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Content

Estimation of the level of residual heterogeneity within 
the varieties

Checking the identity of maintenance seed lots

Control of hybrids formulae.
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Estimation of the level of residual heterogeneity
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Testing scenario:

1000 maize lines described with 36 SSR markers run on a 
Licor sequencer

400 maize lines described with 36 SSR markers run on an 
ABI capillary sequencer

Bulk samples of 10 or 30 seeds

Results recorded as presence/absence of alleles

ESTIMATION OF THE LEVEL OF  HETEROGENEITY
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Observations:

On the French reference collection, heterogeneity observed 
on 20 % of the tested lines.

Average heterogeneity was only of 2% for experiments on 
Licor and on capillary sequencer (despite their difference in 
sensitivity)

Low level of heterogeneity reflects the effect of breeding 
scheme with selfing and the quality of the plant material 
delivered

Within-line heterogeneity will not impair between-line 
differentiation (based on 20 to 40 % of differences)

ESTIMATION OF THE LEVEL OF  HETEROGENEITY
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Identity control of maintenance seed lots
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3 types of cases:

The expected alleles are present

There is one (or more) allele(s) of 
difference:

less alleles :
the reference lot was not 
completely fixed and the lot in 
production is « better »

(subject to sampling effect)

more alleles :
there is some heterogeneity in 
the lot in production

(subject to sampling effect)

The observed alleles are different
from the expected alleles

IDENTITY CONTROL OF MAINTENANCE LOTS
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Testing scenario n°1:

92 lots representing 25 different lines with 38 SSRs:
Reference lots from France, Spain and Germany
Lots in production from different places in France
Maintenance lots produced to replace the French 
reference lots

ABI capillary system
Bulk samples of 30 seeds
Results recorded as presence/absence of alleles

Results from the field

IDENTITY CONTROL OF MAINTENANCE LOTS
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Observations:

IDENTITY CONTROL OF MAINTENANCE LOTS

Mislabelling
Mislabelling 
Homonymy

14 loci different
18 loci different
22 loci different

1 out of 3
1 out of 3
1 out of 4

1
1
1

Plants higher than reference3 loci different1 out of 4 1

/ 92 lots/ 25 lines

OK+2 alleles 1 out of 21

OK for 13 seed lots
For 1 seed lot the plants were 

higher than the reference 

+/- 1 allele145

OKOK6215

Results from fieldResults from lab# of seed lots# of lines
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Testing scenario n°2:

438 lots representing 423 different lines (+ their reference
lots) with 12 SSRs:

Lots in production from different places in France
produced on 3 years
for certification

Licor
Bulk samples of 30 seeds
Results recorded as presence/absence of alleles

IDENTITY CONTROL OF MAINTENANCE LOTS

 
 

 



BMT-TWA/Maize/2/6 Add. 
page 7 

 

Slide 11 

 

11

IDENTITY CONTROL OF MAINTENANCE LOTS

Observations:

Varieties :    55     56 57  58   59   60  61  62   63  64 65  66

V : tested
variety

C : control

V
C

V V V V V V V V VVV
C C C C C C C C C C C

c
b

a

c

a
b

a
b

IMPURITY ?

Allèles

NON CONFORMiTY

# NC loci = 114

/ 438

# NC loci > 1
[2 to 7]

11

conform413
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Conclusion: 

In most cases, no ambiguity. Lots are:
either almost identical
or completely different

A few ambiguous cases:
3 differences out of 38 loci
2 differences out of 12 loci

in these cases, the lots are further tested (isoenzyme, field)

IDENTITY CONTROL OF MAINTENANCE LOTS
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Control of hybrid formulae
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Possible cases :

CONTROL OF HYBRID FORMULAE

+ Other alleles Different alleles
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Testing scenario:

A set of 11 SSR markers from GEVES:
From the bibliography : free and public
Tri or tetra-nucleotide motives
Mapped markers
Average PIC = 0.55

A set of 11 SSR markers from SEPROMA
From a list of 160 markers developed on a wide range of varieties
Criteria of choice by GEVES : good quality, PIC>0.6, multiplex

Comparison of 15 hybrids (+ their synthetic hybrids)

CONTROL OF HYBRID FORMULAE

Influence of the set of markers:
comparison of 2 independent sets of markers

 
 

 

Slide 16 

 

16

Equivalence of the two sets of markers

CONTROL OF HYBRID FORMULAE

Amorces front Amorces SEPROMA

Sa mple  na me Sa mple  name
N.C(4) H03 H03 N.C(2+)

H03S H03S
H07 H07

H07S H07S
H08 H08

H08S H08S
H11 H11

H11S H11S
H17 H17

H17S H17S
N.C(1) H25 H25 N.C(1+)

H25S H25S
H31 H31

H31S H31S
H42 H42 N.C(1)

H42S H42S
H50 H50

H50S H50S
N.C(1) H53 H53 N.C(2)

H53S H53S
H57 H57

H57S H57S
N.C(2) H60 H60

H60S H60S
H63 H63

H63S H63S
H64 H64 N.C(1)

H64S H64S
H65 H65

H65S H65S
H69 H69

H69S H69S

Observations:

1NCC
1CNC
1NCNC

12CC
SEPROMA markersGEVES markers

With a tolerance of one NC locus :
/ 15

2NCC
1CNC
3NCNC
9CC

SEPROMA markersGEVES markers

12

13

at 2 
loci

 
 

Pour la ligne grise, il y a des données manquantes, c’est pourquoi, on ne l’a pas comptée 
dans les tableaux 
le ‘+‘ à côté des chiffres entre parenthèses exprime qu’il y a des « anomalies » 
supplémentaires comme une non fixation. Il ne faut pas en tenir compte 
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CONTROL OF HYBRID FORMULAE

Testing scenario n°1:

27 Hybrids and
their 56 parental lines

tested with 12 SSRs
on Licor
in bulks of 30 seeds
Results recorded as presence/absence of alleles

Comparison with results obtained with isoenzymes
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CONTROL OF HYBRID FORMULAE

H
7 P

2P
1

Phi 
084

Phi 
127

Phi 
015

HYBRIDS                       LINES   

27# hybrids

3Non conformNon conform

93 %

0

2

22

Total

Agreement

ConformNon conform

Non conformConform

ConformConform

SSRsIsoenzymes

Good agreement between isoenzyme and SSRs

Observations:
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Testing scenario n°2:

92 hybrids and their 183 parents

12 SSRs on the ABI capillary system

Bulk samples of 30 seeds

Results recorded as presence/absence of alleles

Comparison with results obtained with isoenzymes

CONTROL OF HYBRID FORMULAE
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CONTROL OF HYBRID FORMULAE

In theory, conform hybrids:

Parent 02 A

Parent 02 B

Hybride 02
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Parent L176

Parent L89

CONTROL OF HYBRID FORMULAE

In some cases, allelic competition :

Allele 10 Allele 20

Tested hybrid H54

« Synthetic » hybrid
L176 + L89

(mix of DNA from the 
2 parents)
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9220321570SSRs

0

5

84

0

920044Isoenzymes

TOTAL4321# of NC loci

CONTROL OF HYBRID FORMULAE

Observations: 

 
 

 



BMT-TWA/Maize/2/6 Add. 
page 13 

 

Slide 23 

 

23

CONTROL OF HYBRID FORMULAE

9292# hybrids
55Non conformNon conform

79%

3

17

67

Total

95%Agreement

2ConformNon conform
3Non conformConform
82ConformConform

Total 
with tolerance of 1 NC locus

SSRsIsoenzymes

Agreement between isoenzymes and SSRs:

3 hybrids conform with isoenzymes and non conform with SSRs: 
very common isoenzyme patterns for the observed hybrids.

2 hybrids conform with SSRs and non conform with isoenzymes: 
problem due to the set of markers chosen ?
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Conclusion:

Good agreement between isoenzymes and SSRs

Globally, results obtained with SSRs more informative

Possible use of the SSRs with:
Bulks of 30 seeds
Comparison of the observed hybrids with their homologue 
synthetic hybrids
Selection of a good set of markers
A tolerance of 1 NC marker/10 could be acceptable

CONTROL OF HYBRID FORMULAE
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FUTURE PROSPECTS

Further studies to continue to optimize the sets of markers 
used for each application.

For the control of maintenance seed lots:
Definition of a decision rule based on an acceptable level of 

heterogeneity and the necessary additional analyses

For the control of conformity of the hybrid formulae:
Definition of a decision rule based on an acceptable number

of non conform loci and the necessary additional analyses
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THANK YOU FOR YOUR ATTENTION !

E EG SV
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