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Abstract

Accuracy and reproducibility of genetic distances (GDs) based on molecular markers are crucial issues for iden-
tification of essentially derived varieties (EDVs). Our objectives were to investigate (1) the amount of variation
for amplified fragment length polymorphism (AFLP) markers found among different accessions within maize
inbreds and doubled haploid (DH) lines, (2) the proportion attributable to genetic and technical components and
marker system specific sources, (3) its effect on GDs between maize lines and implications for identification of
EDVs, and (4) the comparison to published SSR data from the same plant materials. Two to five accessions from
nine inbred lines and five DH lines were taken from different sources of maintenance breeding or drawn as in-
dependent samples from the same seed lot. Each of the 41 accessions was genotyped with 20 AFLP primer com-
binations revealing 988 AFLP markers. Map positions were available for 605 AFLPs covering all maize chro-
mosomes. On average, six (0.6%) AFLP bands were polymorphic between different accessions of the same line.
GDs between two accessions of the same line averaged 0.013 for inbreds and 0.006 for DH lines. The correlation
of GDs based on AFLPs and SSRs was tight (r = 0.97**) across all 946 pairs of accessions but decreased (r =
0.55**) for 43 pairs of accessions originating from the same line. On the basis of our results, we recommend
specific EDV thresholds for marker systems with different degree of polymorphism. In addition, precautions
should be taken to warrant a high level of homogeneity for DNA markers within maize lines before applying for
plant variety protection.

Introduction

In all major crops, genetic distances (GDs) based on
reliable molecular marker data have been found to
reflect accurately the degree of pedigree relationships
between genotypes (Melchinger 1999). In maize, sev-
eral studies reported highly significant correlations
between GDs based on molecular markers and the
coefficient of coancestry (for review, see Lübberstedt

et al. 2000). Consequently, molecular markers, espe-
cially amplified fragment length polymorphisms
(AFLPs) and simple sequence repeats (SSRs), were
recommended as an appropriate tool to test for essen-
tial derivation in plant varieties (Smith et al. 1991;
Knaak et al. 1996; ASSINSEL 2000).

Scientifically reliable criteria must be developed to
differentiate between EDVs and independent variet-
ies because of the severe legal consequences for the
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breeders. Indispensable prerequisites are accuracy
and reproducibility of GD estimates. Reproducibility
problems were investigated by Jones et al. (1997),
who reported scoring differences of up to 2 base pairs
(bp) among the same SSR fragments detected by dif-
ferent labs. In sugar beet (Beta vulgaris L.) and wild
Beta species, a reproducibility of AFLP bands of
97.6% was determined by performing all necessary
analytical steps twice (Hansen et al. 1999). In con-
trast to these results, Jones et al. (1997) and Bagley
et al. (2001) reported an extremely high reproducibil-
ity of AFLP bands close to 100%. In addition, Heck-
enberger et al. (2002) revealed variation in GD esti-
mates based on SSRs of up to 0.12 on a 0 to 1 scale
between different generations of maintenance breed-
ing of the same inbred line or the same inbred line
maintained by different breeders. However, critical
information on the reproducibility of AFLP bands and
their stability during maintenance is still lacking.

The overall goal of our study was to determine the
variation of AFLP markers among different acces-
sions of maize inbreds and doubled haploid (DH)
lines. In detail, our objectives were to investigate (1)
the amount of variation for amplified fragment length
polymorphism (AFLP) markers found among differ-
ent accessions within maize inbreds and doubled hap-
loid (DH) lines, (2) the proportion attributable to ge-
netic and technical components and marker system
specific sources, (3) its effect on the GD between
maize lines and implications for identification of
EDVs and (4) the comparison to published SSR data
from the same plant materials (Heckenberger et al.
2002).

Materials and methods

Plant materials

For nine maize inbred lines, six from the flint and
three from the dent pool, and five DH lines from the
dent pool, two to five accessions per line were finger-
printed. Accessions were obtained from different gen-
erations of maintenance breeding conducted by the
University of Hohenheim (UHOH) and three com-
mercial breeding companies (B1–B3). Two acces-
sions per DH line were obtained by drawing two in-
dependent samples of 20 kernels out of the same seed
lot. All DH lines were derived from the cross 941118
of inbred lines RG2302 and 69117. A detailed de-
scription of the plant materials analyzed and the ap-

plied method of maintenance breeding is given in our
companion paper (Heckenberger et al. 2002).

AFLP and SSR analyses

AFLP fingerprints were generated by Keygene N.V.
from leaf punches from a bulk of 10 individual plants
per accession as described by Vos et al. (1995), visu-
alized by use of a Fuji BAS/2000 phosphorimager,
and scored dominantly on the set of maize lines with
proprietary software developed by Keygene N.V.
AFLP markers were referred to a proprietary inte-
grated map of maize. This integrated map combines
linkage information of 5650 molecular markers and
is based on 23 separate mapping populations (Pele-
man et al. 2000). Comparison of the 988 AFLP mark-
ers scored in this project with the integrated maize
map revealed that for 605 of these AFLP markers map
information was available.

SSR analyses were carried out by Celera using 100
publicly available SSR primer pairs, equally distrib-
uted across the maize genome using an ABI Prism™
377 DNA Sequencer with 5% polyacrylamide gels.
Internal fragment size standards were used in each
lane to increase accuracy of DNA fragment size de-
termination. Fragment sizes were determined auto-
matically by using the GeneScan® and Genotyper®

software packages. For a detailed description of the
procedures, see our companion paper (Heckenberger
et al. 2002). AFLP and SSR analyses of each acces-
sion were carried out using seeds from the same seed
lot.

Statistical analyses

The polymorphic information content (PIC) was cal-
culated for each primer combination using the for-
mula PIC = 2pi (1 − pi), where pi is the frequency of
the i th AFLP band (Roldan-Ruiz et al. 2000). The
marker index was calculated for each AFLP primer
combination as MI � PIC�n�, where PIC is the
mean PIC value, n is the number of bands, and � is
the proportion of polymorphic bands (Powell et al.
1996).

Genetic distances (GDs) were calculated as 1 –
genetic similarity (GS). For AFLPs, GS was calcu-
lated using the GS coefficient of Jaccard (1908) and
for SSRs the GS coefficient of Dice (1945) was em-
ployed. In the case of missing values, i.e., if one or
several primer combinations did not yield amplifica-
tion products in one of the two accessions compared,
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the corresponding alleles of the other accession were
not used for GD calculation. GD estimates were
based on the whole AFLP data set or on AFLP data
for single chromosomes. The cluster analysis was per-
formed with GD estimates using the ’unweighted pair
group method using arithmetic averages’ (UPGMA)
(Nei et al. 1983). The reliability of the cluster was as-
sessed by applying a bootstrap procedure (Efron
1979). The cophenetic correlation (rcpe) was calcu-
lated to test for the goodness-of-fit between GD val-
ues obtained from the cluster and the original GD
estimates. The significance of rcpe was determined by
the Mantel test (Mantel 1967) based on 10000 per-
mutations. Standard deviation (SD) of GD estimates
was calculated using the formula of Bar-Hen and
Charcosset (1994),

SD ��1

N
GD��1 � GD�,

where N is the number of polymorphic bands and GD
is the genetic distance between two genotypes or the
mean GD between two groups of genotypes.

The null hypothesis (H0) that the markers were
randomly distributed across the genome was tested
against the alternative hypothesis (H1) that the mark-
ers were not randomly distributed across the genome
by a dispersion analysis (Johnson et al. 1992). The
test statistic was

X2 �
�

i � 1

n

�yi � ȳ�2

ȳ
.

Here, n denotes the number of chromosomal inter-
vals between two fixed marker loci (BINs), yi the
number of markers located in a particular BIN, and ȳ
the mean number of markers per BIN. Under H0, X 2

follows a �2-distribution with n-1 degrees of freedom.
H0 was rejected, if X 2 was smaller than �2

1 �
�

2
;n � 1

or larger than �2�

2
;n � 1.

GDs between accessions of the same line were de-
fined as �GD within� (GDw). Lines were screened for
outliers based on their mean GDw values, by apply-
ing the test of Anscombe and Tukey (1963). For all
analyses where information on map positions was
necessary, only the mapped AFLP markers were used.
The genomic locations of variation within maize lines

detected with AFLPs and SSRs were compared based
on their BIN positions.

Calculation of GDs, cluster analysis, cophenetic
correlation and Mantel test were performed with soft-
ware NTSYS-PC (Rohlf 1989). The bootstrap proce-
dure was carried out with the Winboot computer pro-
gram (Yap et al. 1996). All other statistical
calculations were performed with SAS (SAS Institute
1988).

Results

Description of markers

A total of 988 AFLP bands was identified. The num-
ber of polymorphic bands per PC varied from 40 to
83 with an average of 49. No significant differences
between PstI/MseI and EcorRI/MseI primers were
found for the number of polymorphic bands, mean
PIC, MI, and mean GDw values (Table 1). In addi-
tion, the proportion of missing values had no influ-
ence on these quality parameters. Comparison of the
988 AFLP markers scored in this project with the
Keygene integrated maize map (Peleman et al. 2000)
revealed that for 605 of these AFLP markers map in-
formation was available. The average marker interval
of the mapped markers was 2.5 cM, the total map
length amounted to 1512 cM.

By comparison, the average marker interval for
SSRs employed in the companion study was 12.4 cM
and the total map length was 1210 cM (Heckenberger
et al. 2002). Evaluation of the number of markers per
BIN revealed a higher standard deviation for AFLPs
than for SSRs. The null hypothesis of a random
marker distribution across the genome was rejected
for both AFLPs and SSRs. For AFLPs, X 2 was sig-
nificantly (P < 0.05) larger than �2�

2
;n � 1, indicating

that AFLPs were heterogeneously distributed over the
genome, whereas X 2 was smaller than �2

1 �
�

2
;n � 1,

indicating that SSRs were uniformly distributed
across the genome.

Genetic distances of accessions within maize lines

Between different accessions of the same inbred or
DH line, an average of six AFLP fragments (0.6%)
was polymorphic. The mean GDw for inbred lines
calculated separately for each line varied from 0.000
to 0.022 (Table 2).
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The dendrogram obtained from UPGMA cluster
analysis resulted in a clear separation of flint and dent
inbred lines (Figure 1). Using genotypic data from all
chromosomes, accessions derived from the same line
were always clustered together. However, this pattern
was not consistently obtained comparing the 10 den-
drograms based on marker data of individual chromo-
somes (data not shown).

GD estimates based on AFLP and SSR data were
significantly (P < 0.01) correlated with each other (r
= 0.97**) for all pairwise 946 combinations of all 41
entries (Table 3). The correlation dropped to r = 0.07
when considering only the 46 GDw values between
accessions of the same line and increased to r =
0.55** after omitting the GDw values of outliers ZS
467 (AFLP) and D146 (SSR) (Figure 2).

Locations of variation within maize lines

A total of 58 mapped AFLP markers, localized within
31 BINs, showed variation between accessions of the
same line. Only six of these BIN locations displayed
also variation with SSRs for the same accessions.
These were located on chromosomes 1 (DK105), 2
(D149, D171, UH200), 7 (D149), and 8 (UH002). For
all other BINs with varying AFLP markers adjacent
SSR markers were not polymorphic within lines.

Genetic distance between lines

The effect of the variation of GDw on the GD between
lines was investigated by calculating the span for GD
values for each pairwise combination of accessions
between the same two lines. These span values var-
ied from 0.001 to 0.114 with an average of 0.017. If
outliers D146 and ZS467 were omitted from the anal-

Table 1. Statistics characterizing the degree of polymorphism and quality of AFLP data generated with 20 primer combinations

Enzymes Polymorphic bands

PC† EcoRI/MseI PstI/MseI No. Proportion (%) PIC̄ ‡ MI§ GDw
# Prop. Of missing values (%)¶

A x 45 66 0.36 16.5 0.010 2

B x 46 73 0.36 16.6 0.010 6

C x 40 47 0.38 15.2 0.005 2

D x 58 69 0.34 19.8 0.023 6

E x 40 58 0.35 13.9 0.012 6

F x 56 68 0.26 14.7 0.024 28

G x 47 62 0.30 14.0 0.019 9

H x 41 59 0.37 15.2 0.019 5

I x 59 68 0.36 21.2 0.009 8

J x 46 69 0.35 16.1 0.007 3

K x 43 58 0.35 15.3 0.030 6

L x 83 71 0.34 27.8 0.006 4

M x 45 62 0.38 17.0 0.012 4

N x 51 68 0.36 18.4 0.012 3

O x 48 67 0.34 16.3 0.016 9

P x 46 70 0.34 15.5 0.023 5

Q x 48 62 0.36 17.4 0.016 2

R x 50 68 0.35 17.6 0.018 6

S x 47 64 0.27 12.5 0.006 38

T x 49 68 0.35 17.2 0.013 7

Mean 49 65 0.34 16.5 0.015 8

† PC = Primer combination.
‡ PIC = Mean PIC value observed for AFLPs of the particular PC.
§ MI = Marker index.
# GDw = Mean GD value between accessions of the same inbred or DH line (GDw), obtained only with markers from the particular PC.
¶ Proportion of missing values based on all datapoints.
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ysis, span-values for AFLPs and SSRs were of simi-
lar magnitude.

Discussion

AFLPs proved to be an appropriate tool to distinguish
between flint and dent lines. This is in agreement with
results published by Lübberstedt et al. (1999), who
genotyped a set of 51 European flint and dent lines
with eight AFLP primer combinations and found a
clear separation of flint and dent germplasm. PIC val-
ues and marker indices were almost identical to those
published by Lübberstedt et al. (2000). In addition,
DH lines and their parental lines could be clearly
separated from other dent germplasm developed by
the University of Hohenheim. However, using only
data from individual chromosomes, accessions of the
same line did not cluster together in some cases. This

lack of association can be explained by sampling ef-
fects due to the smaller number of markers for indi-
vidual chromosomes. In addition, we used the Jaccard
coefficient for AFLPs and the Dice coefficient for
SSRs following the proposal by Link et al. (1995) for
dominant and codominant marker systems, respec-
tively. This may also have slightly decreased the cor-
relation between AFLP- and SSR-derived GD values.

GD within inbred and DH lines

Inbred lines
In general, the dominant AFLP markers yielded lower
GDw values than the codominant SSR markers. As
heterogeneity due to residual heterozygosity was the
major cause of SSR variation within inbred lines, the
lower GDw values of AFLPs can be explained by the
fact that heterogeneity cannot be detected using a
dominant marker system like AFLPs. In addition, the

Table 2. Mean, maximum, and minimum of genetic distances (GDw) between accessions of the same maize inbred or DH line

AFLP SSR

Line No. of accessions Mean Min. Max. Mean Min. Max.

Inbred lines

D146 3 0.004 0.000 0.006 0.090 † 0.061 0.116

D149 4 0.020 0.008 0.033 0.031 0.020 0.042

D171 4 0.004 0.000 0.008 0.016 0.005 0.028

D503 2 0.000 –‡ –‡ 0.005 –‡ –‡

DK105 4 0.022 0.008 0.032 0.036 0.017 0.056

UH002 3 0.009 0.005 0.016 0.026 0.021 0.031

D06 5 0.011 0.003 0.020 0.011 0.000 0.021

UH200 3 0.013 0.010 0.015 0.034 0.025 0.047

UH300 3 0.020 0.019 0.022 0.033 0.016 0.044

Mean § 0.011 0.024

DH lines

ZS264 2 0.008 –‡ –‡ 0.005 –‡ –‡

ZS265 2 0.008 – – 0.000 – –

ZS337 2 0.003 – – 0.000 – –

ZS467 2 0.124 † – – 0.000 – –

ZS595 2 0.008 – – 0.000 – –

Mean § 0.007 0.001

Grand mean § 0.010 0.015

† Outliers based on the test of Anscombe and Tukey (1963).
‡ For lines with only two accessions, only a single GDw value was available, therefore, no maximum and minimum was calculated.
§ Means were calculated leaving out outliers.
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generally lower degree of polymorphism of AFLPs

compared to SSRs (Powell et al. 1996) may also con-
tribute to the observed low GDw values for AFLPs.

A variety of genetic and technical causes can con-
tribute to the observed variation of GDw estimates
between accessions of the same line. First, the occur-
rence of point mutations is a possible cause. A muta-
tion can result in a loss of an AFLP band, if it renders
or disrupts the recognition site of the restriction en-
zyme or the selective bases of the primer. The natural
mutation rate for higher eukaryotes was estimated to
range from 10−9 to 10−7 per bp and generation (Drake
et al. 1998). No data on mutation rates of AFLPs is
yet available. However, if it is not significantly higher
than the above mentioned values, mutations can ex-
plain only a minor fraction of the observed variation
for GDw values.

Second, lines in higher selfing generations of
maintainance breeding are fixed for different alleles
because the parental S5 or S6 lines were still het-
erozygous for a minor proportion of the genome.

Figure 1. Associations among accessions of maize inbred lines revealed by UPGMA cluster analysis based on genetic distances calculated
from AFLP data. Asterisks (*) at the forks indicate that the group to the right of the fork was found in at least 95% of 10000 bootstrap runs.
DH lines and their parents are marked by filled circles (‰). Flint and dent lines are marked with squares (©) and circles (‰;�), respectively.
DH lines were derived from F1-hybrid 941118 generated by crossing lines s69117 and RG2302.

Table 3. Correlations between GDSSR and GDAFLP based on GDs
of all 946 pairs of accessions or only GDs between 46 pairs of ac-
cessions from the same line (GDw) for single chromosomes

r(GDSSR, GDAFLP)

Chromosome All GDs GDw

1 0.82** 0.01

2 0.91** 0.32*

3 0.84** −0.02

4 0.87** −0.19

5 0.84** −0.16

6 0.81** −0.03

7 0.89** 0.18

8 0.76** 0.02

9 0.83** −0.08

10 0.60** −0.10

All chromosomes 0.97** 0.07
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Third, contamination with foreign pollen could
contribute to the observed variation within lines.
However, this can be ruled out, because it should af-
fect a large number of loci and, consequently, would
be detectable as outliers. In addition, also our SSR
results do not support the hypothesis of contamina-
tion with foreign pollen.

Fourth, heteroduplex bands can be a source for
heterogeneity in SSR fingerprints (Hatcher et al.
1993). Heteroduplex bands emerge by annealing of
two DNA fragments of unequal sequence or length
and, therefore, tend to retard the migration of the par-
ticular band during electrophoresis (Hatcher et al.
1993; Nataraj et al. 1999). In AFLPs, no information
on heteroduplex bands is available. Even though the
occurrence of heteroduplexes in AFLPs cannot be
ruled out as a source of variation in GD estimates,
heteroduplex AFLP fragments were never encoun-
tered when the sequences derived from both strands
of single AFLP markers were compared (J. Rouppe
van der Voort and J. Peleman, pers. comm.).

In contrast, genotyping samples from bulked indi-
viduals may slightly decrease the variation within
lines.

DH lines
DH lines were included in our study to distinguish
between genetic and technical reasons for variation of
GD within accessions of the same line. Since DHs are
homogeneous and genetically uniform, differences
among samples are only attributable to technical
causes. While SSRs yielded identical fingerprints,
replications of DH lines were not scored identical
with AFLPs. As the seed samples of the two acces-
sions fingerprinted in our study were drawn out of the

same seed lot, they should be scored as identical.
Therefore, segregation and bulking effects can be
ruled out as reasons for the observed variation of
AFLPs within DH lines.

Technical variation due to poor DNA quality, in-
complete digestion of DNA, inconsistent amplifica-
tion, or scoring problems of the applied software are
the most probable reasons for the observed variation
between identical samples of DH lines. In addition,
heterogeneity within DH lines was observed by
Murigneux et al. (1993). However, this is very un-
likely, as our SSR results do not support this hypo-
thesis.

Further investigations revealed that the DNA of
accession ZS467-2 was incompletely digested, which
explains the extraordinarily high variation between
the two accessions of this DH line. This indicates that
even for a highly reproducible marker technique such
as AFLPs, routine analyses could lead to incorrect re-
sults in the case of a suspected EDV. Therefore, we
recommend replication of the lab assays to minimize
the experimental error. Given the high value of liti-
gation involved in EDV claims, additional costs for
replicated lab assays are well justified.

Locations of variation

Matches in the locations of variation detected with
AFLPs and SSRs could be caused by the fact that
certain genomic regions were still segregating by the
time the accessions were separated. In addition, it
cannot be ruled out that these matches are attributable
to chance. However, when the BIN positions of mark-
ers contributing to the observed variation within lines
were compared, only a low coincidence between the

Figure 2. Plot of GDw values revealed by 100 SSR markers and 20 AFLP primer combinations without outliers.
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locations of variation for AFLPs and SSRs was de-
tected. For example, chromosome 9 revealed the
highest number of SSRs displaying variation between
accessions of the same line but the lowest for AFLPs.
This observed discrepancy is presumably attributable
to the different methods by which dominant AFLPs
and codominant SSRs generate polymorphisms. In
addition, the number of markers displaying variation
within maize lines was too small in order to assign
the observed variation unambiguously to certain ge-
nomic regions. Therefore, inferences about genomic
regions showing variation in GDw estimates must be
considered with caution.

Use of AFLPs and SSRs for identification of EDVs

The rationale underlying the use of molecular mark-
ers in testing for EDVs is to take the GD estimated
from marker data as an indicator for the true GD be-
tween two genotypes across the entire genome. If the
estimated GD exceeds a certain threshold, the two
genotypes are considered as independently derived,
whereas otherwise this is taken as evidence for a pu-
tative EDV. Obviously, any variation between differ-
ent accessions of the same inbred or DH line attrib-
utable to genetic and/or technical reasons is not only
reflected by the GDw but will also affect the GD be-
tween accessions of different lines. High levels of
variation within lines have as consequence a de-
creased resolution to distinguish related lines. In gen-
eral, this type of variation will inflate the Type I error
in testing for essential derivation (H0: One of the two
lines is an EDV of the other) and reduce the Type II
error. If the range of GD values between accessions
of the same line is large, it might be possible that a
true EDV could be judged as independently derived
or a truly independent variety as essentially derived
just by genotyping different accessions of each vari-
ety (Heckenberger et al. 2002). Subsequently, we
compare RFLP, RAPD, AFLP, and SSR markers un-
der this aspect and other criteria relevant in investi-
gations of EDVs.

First, the reproducibility of molecular marker data
using different sources of DNA extracted from the
same accession or across laboratories must be high.
This criteria excludes RAPDs from the list of possible
marker systems because they were found to be less
reproducible than AFLPs or SSRs (Bagley et al. 2001;
Jones et al. 1997).

Second, the applied marker system should reveal a
high degree of polymorphism. In the ideal case, if

unrelated genotypes have no marker bands in com-
mon (GD = 1), identical bands in related individuals
are exclusively attributable to ‘identity by descent’
and, thus, directly reflect the degree of relatedness.
However, with GD < 1 for unrelated genotypes, some
marker bands are ‘identical in state’ and this must be
taken into account when defining EDV thresholds. In
our study, the mean GD for unrelated dent lines was
significantly different between AFLPs and SSRs sug-
gesting that the breeders must agree on different EDV
thresholds for each marker system.

Third, the applied marker system should warrant
at low costs a uniform and dense coverage of the en-
tire genome to obtain unbiased GD estimates with
small standard errors. In principle, this requirement
can be met by AFLPs, RFLPs, and SSRs, but AFLPs
offer the advantage that a large number of markers
can be produced per primer combination. In compari-
son with AFLPs, RFLPs and SSRs have a lower MI,
but their information content is higher due to the
codominant inheritance and the higher degree of
polymorphism. In addition, detailed marker informa-
tion, including primer sequences and map position,
are publicly available for RFLPs and SSRs in maize
(see MaizeDB http://nucleus.agron.missouri.edu/
index.html, confirmed 16 April 03). Owing to limita-
tions in the automation and standardization of RFLPs,
they represent no longer a competitive alternative to
SSRs and AFLPs for EDV analyses.

AFLP markers can be produced at lower costs per
data point than SSRs, because one primer combina-
tion produces a large number of bands. Despite this
economic advantage of AFLPs, the French associa-
tion of maize breeders (SEPROMA) recently recom-
mended a set of uniformly distributed SSR markers
for EDV identification. SSRs provide a higher degree
of transparency for legal issues than AFLPs due to
their codominant inheritance, their known map posi-
tions, and their public availability. However, since the
set of SSRs is known to all breeders, it is, in prin-
ciple, possible to use this information to select for
genetic diversity at some SSR markers to avoid an
EDV, while maintaining a high degree of relatedness
in other genomic regions. Complementary use of
AFLP markers would prevent this situation, because
selection for variants at specific marker loci would be
more difficult for AFLPs than for a fixed set of SSRs.
In addition, the redundancy in the genotypic informa-
tion caused by clustered AFLPs could be omitted by
applying map based genetic distances (Dillmann et al.
1997).
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Taking into account all criteria, both AFLPs and
SSRs are suitable marker systems for EDV identifi-
cation. In order to counterbalance advantages and dis-
advantages of each marker system, AFLPs and SSRs
could be used in a complementary way to unambigu-
ously distinguish EDVs and independent varieties.
We further conclude that the stability of marker data
across different generations of multiplication or ac-
cessions maintained by different breeders is primarily
a function of marker reproducibility and residual het-
erozygosity or heterogeneity. Therefore, with regard
to the use of DNA markers for resolving EDV issues,
it is important to reduce residual heterozygosity be-
fore applying for plant variety protection. This can be
achieved by further selfing and/or pre-screening of
lines with molecular markers for homogeneity or by
production of DH lines.
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