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Abstract The concept of a core collection was elabor-
ated to fit the necessity of optimizing the management,
for both conservation and use, of genetic resources in
sizeable collections. This approach requires an analysis
of how the genetic variability is structured among the
accessions. The large number of heterogeneous popula-
tions in our collection of Brassica oleracea makes gen-
etic diversity studies based on plant-to-plant analysis
impracticable. To overcome this limitation, the varia-
bility analysis by RAPD on seed bulks was investigated
for its efficiency in assessing the structure of the genetic
diversity of this collection. The optimal bulk size and
the bulking or sampling variation were evaluated with
bulks of different size and with replicated samples.
A mixture of known genotypes was also used to charac-
terise the band detection in bulks, and to compare the
plant-to-plant and the bulk methods. Forty seeds were
chosen to represent each population. In such a bulk,
the detection of bands depended on the proportion of
the genotype they were derived from in the mixture.
Intense and frequent bands were detected in the bulk
with a 15% detection limit. The observed bulking or
sampling variation within populations was smaller
than the variation between populations, leading to an
efficient separation of populations with a clustering
of all samples of the same population. The distances
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calculated from bulk data were highly correlated with
the distances based on the plant-to-plant analysis. We
demonstrated that RAPD on seed bulks can be used to
describe the genetic diversity between populations.
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Introduction

Genetic resources can ideally be stored in ex situ collec-
tions whose objective is to maintain as many alleles as
possible at the disposal of the plant breeder (Hayward
et al. 1997). Often, the large size of a collection makes
its management and use difficult, especially for out-
breeding species. To reduce this size, a core collection
consisting of a limited set of accessions chosen to rep-
resent the genetic spectrum of the whole collection has
to be developed (Brown 1995). The first step in this
approach is to structure the collection into groups from
which stratified sampling can be established (Yonezawa
et al. 1995).

To preserve the genetic resources of cultivated cole,
Brassica oleracea L., endangered by the supremacy of
hybrids and lines over populations in breeding pro-
grams, INRA (Rennes) has established a collection of
French landraces. This collection re-groups 1000 very
diversified local populations of cauliflower, cabbage
and kale. These populations result from mass selection
carried out by growers over many years, sometimes for
more than a century (Hervé 1987). Up to now, these
accessions have been incompletely described by
growers, mostly in terms of quality and earliness, based
on field observations made under different conditions.
To optimise the conservation and the exploitation of
this potential, it would be very helpful to structure the
genetic diversity of these populations using neutral and
reliable markers.
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RAPD markers are widely employed to reveal genetic
variation in many plant species. In Brassica, RAPD
markers are considered to be as efficient as RFLP
markers for estimating intraspecific genetic relationships
among genotypes (Demeke et al. 1992; Thormann et al.
1992; Dos Santos et al. 1994). RAPD markers have also
been used to quickly estimate genetic distances between
B. oleracea accessions (Hu and Quiros 1991; Kresovich
et al. 1992; Phippen 1997). Because of the efficiency and
the convenience of this technique, we have decided to
analyse our collection with RAPD markers.

As B. oleracea is a strictly allogamous species, popu-
lations are expected to be very heterogeneous. To ana-
lyse diversity in such outbreeding species, some authors
studied 6-12 to 20, and up to 30 plants per accession
(Crochemore et al. 1996; Lannér-Herrera et al. 1996;
Phippen 1997) according to the observed variability
within accessions. Because of the large number of ac-
cessions in our collection it would be laborious to
individually analyse several plants per population. Our
aim is to determine whether RAPD analysis on bulks,
especially on seed bulks, generates enough genetic in-
formation in a short time at a cheaper cost. To achieve
this aim, we concentrate on two features. Firstly, we
focus on the characteristics of RAPD patterns obtained
from seed bulks. For that purpose, we tested the samp-
ling methodology for the optimal bulk size, the detection
limit of specific bands, and the representation of a popu-
lation by its seed-bulk pattern. Secondly, we discuss the
efficiency of this technique to analyse the genetic varia-
bility of our collection. We estimated the random vari-
ation occurring with the sampling or the bulking, and we
compared genetic distances calculated from bulk data to
genetic distances based on a plant-to-plant analysis.

Materials and methods

Plant material

A sample of seven populations of B. oleracea L. taken from the
collection of landraces was employed. These populations were

chosen to represent the different crops (cauliffower, cabbage and
kale) of the collection, which are specifically characterised by their
horticultural traits (Table 1). This sample of populations illustrates
the diversity of the collection. We also used one F; hybrid and one
doubled-haploid as known homogeneous genotypes.

DNA extraction

For plant-to-plant analysis, DNA was extracted from leaves using
a modified Dellaporta et al. (1983) method. The same protocol was
adapted for DNA extraction from seed bulks as follows. The seeds
were ground in 2 ml of a cold buffer 20 mM Na metabisulphite,
0.5 M sorbitol, 0.1 M trizma-base, 70 mM Na,EDTA, pH adjusted
to 7.5 with HCI). After centrifugation, 2 ml of extraction buffer
(100 mM TRIS-pH 8, 50 mM EDTA-pH 8, 500 mM NacCl, 1% SDS,
1% p-mercaptoethanol) was added to the pellet. The homogenate
was treated as described in Dellaporta et al. (1983) bypassing the
phenol-chloroform step. The DNA was precipitated by 5 M NaCl
and absolute ethanol. The pellet was washed with 70% ethanol and,
after air drying, was dissolved in TE buffer. For some samples
(especially for kale), another DNA precipitation by 5 M NaCl and
absolute ethanol was necessary.

DNA amplification

PCR was realised in a 10-ul vol containing 67 mM Tris-HCI
(pH 8.8), 16 mM (NH,4),SOy4, 0.01% Tween 20, 2 mM MgCl,,
0.15 mM of each dANTP, 0.25 uM of primer, 15 ng of genomic DNA
and 0.4 units of Tug DNA polymerase (EUROBIOTAQ). Amplifica-
tions were performed in a DNA Thermal Cycler (Perking Elmer
Cetus) programmed for an initial step of 30 s at 94°C, followed by 45
cycles with 30 s at 92°C, 1 min at 35°C, 2 min at 72°C, and 5 min at
72°C. FEight 10-mer primers from Operon Technology Kits
(Alameda, California) were used (OPAO1, OPB07, OPC09, OPC13,
OPDO1, OPE08, OPE20). These primers were chosen because they
generated simple (less than five RAPD) and complex (up to 15
RAPD) profiles.

Genetic distance calculation and classification

Only clearly resolved and repeatable bands were considered as
RAPD markers after repeating several amplifications three
times, with different thermocyclers and with duplicate samples in the
same manipulation. For each pattern RAPD bands were scored
as 0 for absent or 1 for present. The Jaccard (DJ) distance was

Table 1 Description of the plant

material used in this study Genotype® Type Crop Horticultural Convar. var
characteristics

JF112 Population Cauliflower Winter (Jan-Feb) botrytis botrytis
CM56.18A Population Cabbage Savoy capitata sabauda
CSA67.14 Population Cabbage Sauerkraut capitata capitata
KM35.03 Population Kale Half-marrow stem acephala medullosa
KB22.14 Population Kale Branchy acephala ramosa
KL22.17 Population Kale Leafy acephala sabellica
KY29.01 Population Kale Yellow acephala acephala
H F; hybrid Kale Half-marrow stem acephala medullosa
G Doubled haploid Cauliflower ? botrytis botrytis

* The population name is coded according to its horticultural characteristics and origin. For example,
KL22.17 is a leafy Kale which has been collected in French department No. 22, (Cétes d’Armor).
JF112 is an accession of cauliffower harvested in January-February



calculated using the following formula:
DJ=1—(L1)/[(1,1) + (0,1) + (1,0)],

where (1,1) is the number of bands shared by two patterns, and
(0,1) + (1,0) the number of bands specific to one of the patterns. In
the plant-to-plant method, the distance between two populations
was given by the average of the (nsn,) distance values between the
n, and n, individuals of the two populations x and y as described by
Crochemore et al. (1996).

The distances were compared using a non-parametric analysis
(proc nparlway option wilcoxon) of the Statistical Analysis System,
SAS (1989). The rank correlation between distances was calculated
with the “proc corr kendall” procedure of SAS. Dendrograms were
generated from the distance matrices by the UPGMA option of the
program NEIGHBOR or PHYLIP (Felsentein 1993) and drawn
with TREEVIEW (Page 1996).

Results
Determination of the optimal seed bulk size

The optimal bulk size was determined using three
populations of kale, the most variable crop of our
collection as revealed by morphotype and molecular
variability (Margalé et al. 1994). Bulks of 10, 20, 30, 40,
50, 60, 70 and 80 seeds of KM35.03, KY29.01 and
KL22.17 were composed and referred to as DSN (dif-
ferent seed number) samples. The DSN sample patterns
obtained with six primers (OPAO1, OPB07, OPBIS5,
OPC09, OPC13, OPE20) were compared for the
three populations (Table 2). Only one given bulk size
was studied for each population, but the three popula-
tions served as three repetitions. The number of bands
in the DSN patterns was not significatively different
(P =0.4767).

Detection of bands specific to a genotype according to
its proportion in a bulk of 40 seeds

The two known homogeneous genotypes, G and H,
were mixed in different proportions to constitute differ-
ent bulks and coded as GxHy, with x and y represent-
ing the number of seeds of each genotype in a 40-seed
bulk (x =0, 1, 5, 10, 15, 20, 30 or 40 seeds). Overall, 30
bands were obtained in the patterns of the GxHy sam-
ples with the same primers as previously employed.
Among them, 14 bands were specific to H, 15 bands
were specific to G, and one band was found to be
present only in the bulks but absent in the initial
genotypes. The number of detected bands specific to
one genotype increased with the proportion of this
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genotype in the bulk (Fig. 1). Any genotype was prefer-
entially amplified, i.e. the percentage of total bands
detected was the same for a given proportion in the
bulk (G10H30 and G30H10, 79% and 76% of total
bands detected respectively). The detection depended
on the intensity of the band, i.e. the bands detected in
the bulk with a low threshold were intense. This tech-
nique allows one to detect rare bands in bulks; thus
33.3% of bands specific to G were detected when the
proportion of this genotype in the bulk was 2.5% (1
seed out of 40 seeds). Half of the bands were detected
when the proportion of the corresponding genotype in
the bulk was 25%. More precisely, for genotype G, for
which smaller proportions in the mixture were studied,
66.6% of the bands were detected when this proportion
was 12.5%.

Representation of a population by a bulk of
individuals

For individual analysis, 35-40 plants per population
were studied for KL22.17, CM56.18A, JF112, KY29.01
and CSA67.14, with the eight primers. To compare
the bulk method to an individual analysis for the same
sample, equal amounts of DNA from each plant were
mixed. A bulk of 40 seeds for each population was also
used to compare bulking methods. In the individual
analysis, we obtained a total 57 polymorphic bands
with frequencies varying from 5 to 100%. In bulks,
involving a mixture of DNA or a mixture of 40 seeds,
only some of these bands were detected (65-85% of the
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Fig. 1 Detection of specific bands according to the proportion of the
genotype they were derived from in a 40-seed bulk. Two homogene-
ous genotypes, G and H, were mixed in different proportions (GxHy,
with x seeds of G and y seeds of H). The percentage of detected bands
specific to one genotype is calculated for different proportions of
G and H in the bulk. The percentage of total bands detected in the
two genotypes is also shown for each bulk

Table 2 Number of RAPD

markers according to the bulk Population 10 seeds 20 seeds 30 seeds 40 seeds 50 seeds 60 seeds 70 seeds 80 seeds
size for three populations
KM35.03 21 21 21 21 21 18 21 21
KY29.01 19 19 20 20 20 19 20 19
KL22.17 20 20 21 21 20 20 19 20
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total number of bands according to the population).
The detection threshold was similar in the bulks of
DNA as in the bulks of seeds: 15 to 27.5% according to
the population (Table 3). It depended on the intensity
of the bands that was different according to the popula-
tion they derived from. For CM56.18A, one intense
band present in 15% of the individuals was detected in
the bulk, whereas a weak band present in 70% of the
individuals was not detected (Table 3). However this
observation was not systematic for all the detected
bands but depended on the band considered. In bulks,
the detected bands were those that were most intense or
most frequent.

Effect of the variation due to sampling on the
distances calculated within populations

The mean of the distances between DSNs was cal-
culated for each DSN sample and each population
(Table 4). For KY29.01 and KL22.17, no significant
effect of the number of seeds was found on this dis-
tance (P = 0.094 and P = 0.134, respectively), but for
KM35.03 a significant difference was found (P =

0.002). The bulk of 60 seeds was different from the
others in this population. The distances between DSN
samples within each population were significantly dif-
ferent from 0 (P < 0.05).

To investigate random variation occurring with the
sampling or the bulking, five bulks of 40 seeds of
the same population (KB22.14) were amplified with the
eight primers. The number of bands was similar except
for one sample (Table 5). The mean of the distances
between the five samples was 0.107 + 0.087 (0.053 +
0.024 without sample 5). The variation between sam-
ples for one population (distance = 0.053) was found to
be similar to the variation between DSN samples (aver-
age distance for the three populations = 0.047). Thus,
there was an effect of sampling, but not of bulk size, on
the distance calculations within populations.

Effect of the variation due to sampling on the
distances calculated between populations

The distances between the three populations were cal-
culated for all the DSN samples. The populations were
clearly separated with a clustering of all the samples of

Table 3 Comparison of individual and bulk methods for polymorphism evaluation with RAPD markers

Marker Individual method Bulk methods
Average
Number of Number of bands distance Number of Lowest pi* of Highest pi* of
detected bands with a frequency of between detected bands detected bands undetected bands
individuals
< 10% > 95% DNA Seeds DNA Seeds DNA Seeds
KL22.17 44 4 18 0.25 31 31 27.5 25 100 100
CM356.18A 50 3 13 0.36 36 33 15 15 70 70
JF112 34 2 12 0.25 28 29 17.5 17.5 70 65
KY29.01 46 1 7 0.44 30 30 17.9 17.9 48.8 48.7
CSA67.14 38 3 12 0.31 27 26 157 157 78.9 73.6
Total 57 39 40
2 pi = percentage of individuals sharing a particular band in the population as measured by the individual method
Table 4 Average distance of a given sample to all the other DSN* samples within three populations
Population 10 seeds 20 seeds 30seeds 40seeds 50seeds 60 seeds 70 seeds 80 seeds Mean SEP
KM35.03 0.02 0.02 0.02 0.02 0.02 0.12 0.02 0.02 0.03 0.04
KY29.01 0.09 0.09 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.02
KL22.17 0.05 0.05 0.04 0.04 0.05 0.06 0.10 0.07 0.06 0.02
*DSN samples: different seed number samples, i.e. samples with different bulk sizes
°SE: standard error
Table 5 Number of RAPD
markers for five samples of 40 Item Sample 1 Sample 2 Sample 3 Sample 4 Sample 5
seeds of KB22.14
Number of bands 51 52 50 51 40
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Fig. 2a, b UPGMA classification of different samples of three a and
four b populations to evaluate the effect of the variation occurring
with bulk sampling on diversity estimation. The scale represents an
0.1 unit of the Jaccard distance. The first two letters of the popula-
tions is followed: by the number of seeds in the bulk for KM35.03
(KM10 to KMS80), KY29.01 (KY10 to KY80) and KL22.17
(KL10-KL80), and by the sample number for KB22.14 (KB1-KB5)

the same population, in the classification (Fig. 2a).
The distances between the five samples of KB22.14
and the DSN samples were also calculated to test
the effect of sampling variation on the distance between
populations. The four populations were also clearly
separated (Fig. 2b). However, when only one DSN
sample per population was used, differences in the
classification of the three populations were observed
when using distance data from samples with 20 and 60
seeds.

Comparison of the distances calculated from
data of plant-to-plant and bulk methods

The analysis of individuals gave added information
through the intrapopulation distances (Table 3). The
distances calculated from bulked DNA and seed sam-
ples were very highly correlated (r? = 0.97, P = 0.0001).
The distances calculated with seed and DNA bulks
were significantly correlated with the distances cal-
culated by the individual method (> = 0.87, P = 0.009
and r? =0.79, P = 0.006, respectively). As expected,
given these correlations, the UPGMA clustering ob-
tained with both methods was similar (Fig. 3).
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Fig. 3a, b Comparison of the UPGMA classification obtained by
individual a and bulk b methods. The scale represents an 0.1 unit of
the Jaccard distance

Discussion

Production of a representative pattern of a
population by bulking 40 seeds

In this study, no major differences were observed be-
tween the patterns obtained with 10-80 seed samples
from the same population. In the mixtures, the lowest
detection threshold was 2.5% and 15% with two (G
and H) and 40 individuals (for the populations), respec-
tively. The detection of a specific band in a bulk de-
pended on its intensity and on its proportion in the
bulk or its frequency in the population.

RAPD analysis on seed bulks gave representative
patterns for the populations. Scoring the most
representative bands of one population is not necessarily
equivalent to scoring all the bands existing in this
population. The more frequent bands were character-
istic of one population as well as the intense bands
whose intensity varied with the population. Intense
bands are more representative of a genotype than weak
bands, since they result in a higher degree of homology.
Indeed, intense bands in a bulk are not related to a high
concentration of template in the bulk resulting from
their widespread distribution in the population as pos-
tulated by Yu and Pauls (1993). RAPD marker inten-
sity is associated with the degree of homology between
primer and template or with the amplification of other
fragments in the sample (Thorman et al. 1994). As
a matter of fact, the intensity of bands did not increase
with the proportion of these bands in the bulk. Bands
found to be intense in the bulks were also intense in
individuals and, inversely, frequent weak bands in the
populations were still weak in the bulks. Additionally,
the fact that some weak frequent bands were not ampli-
fied in the bulk may be due to the competition of
hybridisation sites with a better homology sequence for
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the primer. This difference in the degree of homology
between intense and weak bands can explain why
the most intense bands are considered to be more
reliable and why Weeden et al. (1992) found a 4% error
rate occurring with bands of faint or intermediate
intensity. Dos Santos et al. (1994), using only bands
classified as intense or medium for the analysis of
B. oleracea, found that sampling errors were equi-
valent for RAPDs and RFLPs with respect to genetic-
similarity determination.

Although no major difference was observed between
the different bulk sizes, 40 seeds were used because
variations were observed for small samples, i.e. for
10-30 seeds in a previous experiment with a cabbage
population (data not shown). Moreover, bulks of 40
individuals provide enough DNA for further amplifica-
tions to avoid sampling or bulking variation.

In a bulk of this size, we did not find genotype-
dependent competition as described by Halldén et al.
(1996) in Brassica napus. The two genotypes, G and H,
were equally amplified according to their proportion in
the bulk. One band was noted only in the bulk. This
band might be the result of an interaction between two
allelic sequences of different length leading to hetero-
duplex formation (Halldén et al. 1996). A comparable
case was not observed in the 40 individual bulks for
which each individual was analysed. In bulks of 40
individuals, RAPD fragments with a frequency lower
than 15% were not detected. This minimum detection
limit is close to the 10% limit given by Michelmore
et al. (1991). This limit was much lower (2.5%) when
only two genotypes, G and H, were bulked. The rela-
tion between detection threshold and bulk complexity
is, however, unclear. For populations, the intrapopula-
tion variation reflects the bulk complexity; yet the
lowest detection threshold was not observed for the
population with the lowest intrapopulation variation.
This detection threshold depended on the bands. Sim-
ilar results were obtained by Virk et al. (1994) on rice
where the minimum frequency required for a band to
be visible in the bulk varied for different bands.

Application of bulk methods to genetic-variability
analysis

Within a population, we found a variation between
same-size samples that is similar to the variation be-
tween samples of different sizes. This variation was
lower than the variation between populations and did
not impede the clustering of all samples of the same
population. Whatever the method employed (DNA or
seed bulk, plant-to-plant analysis) the same classifica-
tion was obtained even if the simplified bulk method
detected less polymorphism. We also found that
mixing 40 DNAs in equal amounts was equivalent to
mixing 40 seeds. Using seeds instead of leaves is time
saving and less expensive (McDonald et al. 1994). The

plants do not have to be individually grown and DNA
can be extracted directly from seeds with the technical
precaution of eliminating polysaccharides by supple-
mentary DNA precipitation. The use of RAPD
markers from seeds in a stable manner for varietal
identification has already been reported (McDonald
et al. 1994) but, to our knowledge, this is the first time
that RAPD marker patterns from seed bulks have been
characterised for genetic diversity evaluation.

We can assume that the intrapopulation variation in
populations more genetically related than the ones we
used would also be sufficiently lower than the inter-
population variation to not interfere with the classifica-
tion. Indeed, as the distances are calculated with only
polymorphic RAPD markers, the variation between
populations is maximised. Thus, closely related acces-
sions appear to be more distantly related in such an
analysis where all the populations are compared on the
same basis. Moreover, to limit the sampling or bulking
error for the estimation of diversity, a large genetic
basis, i.e. a large number of accessions, has to be em-
ployed to represent the studied diversity and enough
markers have to be obtained. Another solution would
be to use known replicates as a reference for duplicates.
Weeden et al. (1992) even advise the use of duplicate
samples from each individual tested and to score only
the fragments amplified in both.

The aim of a classification is to assign each accession
to only one class in so far as all the accessions belong-
ing to the same class have an identical, or almost
identical, allelic composition (Yonezawa et al. 1995). In
an intraspecific comparison within the genus Brassica,
the presence of a RAPD band in two individuals indi-
cates a high level of sequence homology in a reliable
and repeatable manner (Dos Santos et al. 1994;
Lannér-Herrera et al. 1996). In our study, we showed
that RAPD analysis on bulks allows these comparisons
to predict the diversity existing in the collection.

The constitution of a core collection needs the hier-
archical stratification of the collection into groups. The
seed-bulk method successfully described the genetic
variability of our collection with a grouping of acces-
sions consistent with the morphological, agronomic
and geographical data (Margalé et al. 1995). Once this
classification is established, the choice of accessions
within the groups needs to be discussed, considering
the fact that rare bands are not detected in bulk. In
a core collection based on a neutral-allele model, the
sampling procedure was developed to retain rare and
widespread alleles (Hamon et al. 1995). But, as the
neutrality principle may not hold for many genes, other
sampling strategies exist (Yonezawa et al. 1995). These
strategies take into account the redundancy, the genetic
structure of the population, or the allelic diversity that
can be estimated using RAPDs on bulks.

The seed-bulk method we described will enable us to
reveal the structure of the genetic diversity of our col-
lection. We expect to develop a core collection by



sampling accessions in the groups revealed by the
classification based on RAPD variation. Moreover,
RAPDs will give us information on the evolutionary
history of groups of populations in order to understand
how traditional breeding may have contributed to the
structure of variability.
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