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Abstract RFLP and RAPD markers were evaluated and 
compared for their ability to determine genetic relationships 
in a set of three B. napus breeding lines. Using a total of 50 
RFLP and 92 RAPD markers, the relatedness between the 
lines was determined. In total, the RFLP and the RAPD 
analysis revealed more than 500 and 400 bands, respectively. 
The relative frequencies of loci with allele differences were 
estimated from the band data. The RFLP and RAPD marker 
sets detected very similar relationships among the three lines, 
consistent with known pedigree data. Bootstrap analyses 
showed that the use of approximately 30 probes or primers 
would have been sufficient to achieve these relationships. This 
indicates that RAPD markers have the same resolving power 
as RFLP markers when used on exactly the same set of B. 
napus genotypes. Since RAPD markers are easier and quicker 
to use, these markers may be preferred in applications where 
the relationships between closely-related breeding lines are of 
interest. The use of RAPD markers in fingerprinting applica- 
tions may, however, not be warranted, and this is discussed in 
relation to the reliability of RAPD markers. 

Key words Brassica napus �9 RFLP markers �9 RAPD mar- 
kers - Genetic distance 

Introduction 

The use of restriction fragment length polymorphism (RFLP) 
markers in plant breeding is well established (Tanksley et al. 
1989). For example, the construction of RFLP linkage maps in 
many different species has made it possible to directly utilize 
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molecular markers in tagging genes and quantitative-trait loci 
of high breeding value. The subsequent use of these markers in 
breeding programmes has allowed the rapid introgression of 
many interesting traits into new genotype backgrounds. In 
addition, RFLP maps have become a new tool in comparative 
investigations of the structure, organization and evolution of 
plant genomes (Tanksley et al. 1992; Whitkus et aI. 1992). 

Recently, a technique involving arbitrary priming of poly- 
merase chain reactions using short oligonucleotides of ran- 
dom sequence has been developed (Welsh and McLelland 
1990; Williams et al. t990). These markers are termed random 
amplified polymorphic DNAs (RAPDs) and arbitrarily 
primed-PCRs (AP-PCRs), respectively. For some applica- 
tions, these markers are more suitable than RFLP markers. 
For example, the use of RAPD markers has alleviated some of 
the serious limitations of the use of molecular markers in 
conifer species (Grattapaglia et al. 1992; Tulsieram et al. 1992). 
Since the RAPD assay is PCR based, and since RAPD 
markers are in most cases dominant, these markers are effi- 
ciently used in cases where only limited amounts of haploid 
tissue from the megagametophytes are available. RAPD 
markers are also conveniently used in large-scale screening of 
bulked segregant individuals (Michelmore etal. 1991). In 
applications such as genotype comparisons, the use of RAPD 
markers has several distinct advantages compared to the use 
of RFLP markers. No initial cloning and characterization 
steps are necessary, since a general set of primers is available. 
A RAPD assay is rapid and easy to perform, and also requires 
only limited amounts of DNA. Recently, within the genus 
Brassica, taxonomic data on the species relationships within 
the U triangle has been generated from RAPD markers 
(Demeke et al. 1992). Similarly, different B. oIeracea cultivars 
have been compared using RAPD markers (Hu and Quiros 
1991; Kresovich et al. 1992). 

Serious concern regarding the reliability of RAPD markers 
has, however, been raised. Thormann and Osborn (1992) 
observed that RAPD and RFLP markers produced different 
results in a comparison of the genetic relationships between 
different Brassica species, whereas no differences were detect- 
ed within a species. Echt et al. (1992) and Reiter et al. (1992) 
noted that only 76% and 57% of the polymorphic DNA 
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fragments found in their mapping populations segregated as 
dominant Mendelian markers. Furthermore, Riedy et al. 
(1992) reported an excess of non-parental bands in the off- 
spring from known primate pedigrees, whereas Heun and 
Helentjaris (1993) detected deviations from the expected 
dominant inheritance among 16 maize F~ hybrids compared 
with their parental lines. 

The aim of the present study has been to evaluate and 
compare the usefulness of RFLP and RAPD markers for 
determing genotype relationships in a Brassica breeding con- 
text. Three different related B. napus breeding lines with 
known pedigrees were seleced. These lines represent a level of 
similarity which is likely to be encountered in many plant 
breeding contexts when using molecular markers. 

Materials and methods 

Plant materials and DNA extraction 

The three different lines were extracted directly from a Brassica napus 
breeding programme. All lines are doubled haploids of spring type. One of 
the lines, breeding line Sv 02288 (abbreviated as line 1), was produced by 
anther culture, while the remaining two lines originated as spontaneous 
haploids; cv Korall (line 2) and breeding line Sv02360 (line 3). Line 2 is 
a selection from cv Topas and line 3 is derived from a cross between Topas 
and another breeding line. Consequently, these two lines are closely 
related. Line 1 is less related to the other two lines, but has several 
ancestors in common with lines 2 and 3. All lines were diploidized by 
colchicine treatment. Production of lines in this manner guarantees that 
each line is bomozygous for all loci. Leaf material was harvested from 6- to 
8-week-old greenhouse grown plants, and stored as freeze-dried samples. 
Isolation of total genomic DNA was carried out according to the method 
of Saghai-Maroof et al. (1984), with some modifications as described in 
Hjerdin et al. (1994). 

RFLP analysis 

Restriction endonuclease digestion, gel electrophoresis, Southern blot- 
ting, and hybridization with labelled probes were as described in Hjerdin 
et al. (1994). A clone collection compiled from three genomic DNA 
libraries was kindly supplied by Dr. Mary Slocum, NPI, Salt Lake City. 

The three genomic DNA Iibraries were constructed using "Early 
White" (B. oIeracea, EW) cauliflower,"Wisconsin Golden Acres" (B. ole- 
racea, WGA) cabbage, and "WR 70 days" (B. campestris, WR) Chinese 
cabbage as sources o fDNA (Figdore et al: 1988; Slocum et al. 1990). The 
libraries were produced from PstI-digested and size-fractionated 
(500-2 000 bp) DNA fragments which were cloned into plasmids pUC 19 
(EW clones) and pTZ18R (WGA and WR clones). The DNA clones orig- 
inating from B. oleracea (28 clones) had RFLPs  that map to at least eight 
of the nine different linkage groups of this species, whereas the map posi- 
tions of the DNA clones from B. campestris (22 clones) were all unknown. 

The clone inserts were amplified from bacterial colonies using PCR 
and appropriate primers (Gtissow and Clackson 1989). The amplified 
DNA fragments were then isolated from low-melt agarose gels and 
labelled with c~-32p-dCTP (3000Ci/mmol, Amersham) using random 
nonanucleotide priming (Megaprime, Amersham). 

RAPD analysis 

A set of 92 decamer oligonucleotidcs fi'om kits A - F  (Operon Technologies 
Inc, Alameda, Calif., USA) was used in the analysis. PCR reaction buffer 

was as described by Williams et al. (1990). For the DNA amplification, 
a Perkin Elmer Cetus 9600 was programmed for 45 cycles as described by 
Williams et al. (1990), with the following modification; a defined ramping 
of 0.4 ~ was used for the transition between annealing and elongating 
temperatures. Numerous other reaction and run conditions were tested in 
order to optimize the resolution and reproducibility of the process. DNA 
fragments were separated in 1.4% agarose gels run in 1 x TAE at 
4 V/cm for 5 h, stained in ethidium bromide and documented under 
UV-light. 

Data analysis 

A direct comparison between RFLP and RAPD data was made by 
estimating the number of loci with allele differences revealed by the two 
methods. Since the majority of RAPD markers are dominant, the RAPD 
bands present at a certain band level were assumed to represent all 
detectable alleles at that locus. In this study, 262 out of a total of 434 bands 
were monomorphic among the three genotypes. These data indicate that 
there is a high probability of sequence identity for two genotypes showing 
absence of amplification for a specific band. Consequently, two lines 
lacking a band at a certain band level were assumed to carry the same 
allele at that locus. The number of loci with allele differences was thus 
calculated as the number of band differences divided by the number of 
comparisons. This estimate is identical to the genetic distance measure, 
GD, presented by Skroch et al. (1992). 

The relative frequencies of loci with allele differences were calculated 
in a different way for the generally codominant RFLP markers. It is 
assumed that a band which is present in all three genotypes is the only 
allele present at that locus, since each of the breeding lines is completely 
homozygous. When there is more than one allele among the three lines at 
a particular locus, the situation becomes more complex. For each addi- 
tional allele at this locus, a band at an additional band level will appear. In 
the two-allele case, bands are expected at two band levels and, generally, 
for n alleles at a locus, n band levels are expected. Thus, for loci with 
n alleles the information from each band level should be weighted by 
a factor 1In. Since our breeding lines are closely related and homozygous, 
we assume that there are never more than two alleles at any locus among 
the three lines. Therefore the index is formulated as follows: 

Relative frequency of loci with allele differences = 0.5 z/(x + 0.5y) 

where x is the number of band levels at which a band is present for all three 
genotypes, y is the number of polymorphic band levels among the three 
genotypes, and z is the number of polymorphic band levels between the 
two genotypes compared. It should be noted that if there are reasons to 
believe in the existence of more than two alleles per locus, e.g., if many 
genotypes are compared, this index will be biased. In such cases the 
alternative approach would be to make all comparisons on a pairwise 
basis, in which case the index will be identical to the index of Nei and Li 
(1979). 

The robustness of the locus-dissimilarity estimates was analysed using 
a bootstrap technique (Efron and Tibshirani 1991). For sample sizes 
varying from one to the maximum number of probes and primers used, the 
relative frequencies of loci with different alleles were repeatedly cal- 
culated (300 runs) from randomly-chosen probes and primers. For each 
sample size, the coefficient of variation was determined. To illustrate the 
effect of differing numbers of markers on the repeatability of the detected 
relationships, we scored for two types of errors for each run of the 
bootstrap analysis (5 000 runs). First, we noted if any of the three distances 
was zero. In such cases, the analysis failed to uniquely identify the three 
lines, i.e., the resolution was  lost. Given that all lines were uniquely 
identified, we noted whether the distance between lines 2 and 3 exceeded 
any of the other distances. This is equivalent to a reversed ordering of the 
lines. 

In the RFLP analysis, the Spearman rank correlation test was used to 
determine whether the calculated differences generated by the three 
different restriction enzymes were correlated. The calculated differences 
for each probe were used to calculate the pairwise comparison matrix 
employed to estimate the correlation coefficients and the P-values. The 
corresponding correlations were calculated for the arbitrarily-generated 
sets of long and short DNA fragments. 
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Fig. 1 A RFLP and B RAPD analysis of total B. napus DNA. Line 1 is re- 
presented in lanes 1,4, 7, and 10; line 2 in lanes 2, 5, 8, and 11; line 3 in lanes 
3, 6, 9, and 12. Lanes 1-3; HindIII digest; lanes 4-6, EcoRI digest; lanes 7-9, 
EcoRV digest; lanes 10 12, RAPD analysis using primer OPE-07. DNA 
fragments were separated on 0.8 % and 1.4% agarose gels, respectively 

Results 

R F L P  analysis 

The B. napus breeding lines Sv 02288, cv Korall, and Sv 02360 
(abbreviated 1, 2, and 3, respectively) were compared by R F L P  
analysis. D N A  samples were digested with the restriction 
endonucleases ItindIII, EcoRI and EcoRV, and analysed 
using a selection of 50 probes with genomic origins from B. 
oleracea and B. campestris. An example of a typical autoradio- 
graph is shown in Fig. 1 A. The restriction enzyme HindIII 
produced a total of 255 different bands, while EcoRI and 
EcoRV produced 165 and 227 different bands, respectively 
(the corresponding estimates for the number of loci are 209.5, 
122.5, and 187). All three genotypes produced a similar total 
number of bands (line 1, 523 bands; line 2, 514 bands; line 3, 
510 bands), whereas the lines showed widely-different 
numbers of unique bands (line 1, 109 bands; line 2, 10 bands; 
line 3, 19 bands). In total, monomorphic  band patterns were 
detected for 26% of the probes. 

The relative frequencies of loci with allele differences were 
calculated for each restriction enzyme and each pair of geno- 

Table 1 Relative frequencies of loci with allele differences between the 
three breeding lines. Values are shown for the different types of RFLP and 
RAPD fragments analysed. Normalized differences in per cent are given 
within brackets 

types (Table 1). The breeding lines 2 and 3 are much more 
similar to each other than either of them are to line 1. A similar 
pattern is shown by all three restriction enzymes. However, 
EcoRI analysis detects a higher proport ion of variable loci for 
the comparison of line 1 with the two other lines, indicating 
that this restriction enzyme detects more differences in these 
comparisons. When separate analyses were made for the 
probes originating from B. oleracea and B. campestris the 
same pattern was observed irrespective of probe origin (data 
not shown). 

Spearman rank correlation coefficients were calculated to 
investigate whether the R F L P  patterns generated by different 
restriction enzymes give independent information about dis- 
similarities between the lines (Table 2). The correlation coeffi- 
cients ranged between 0.30 and 0.76, with most values in the 
range 0.50-0.65. Highly-significant coefficients of correlation 
were obtained in all cases but one. These values indicate that 
the different types of restriction fragments only partly contain 
unique information about the relationships between the three 
breeding lines. 

To determine whether the length of the restriction frag- 
ments influences the frequency of dissimilarities found be- 
tween the lines, the data sets for each probe/restriction enzyme 
combination were divided into an upper and a lower half. In 
this way, arbitrary sets of long and short DNA fragments were 
generated for separate analyses. Longer DNA fragments re- 
vealed higher degrees of dissimilarities than shorter DNA 
fragments (Table 3). Thus, the frequencies of loci with allele 

Table 2 Relative frequencies of loci with allele differences compared by 
Spearman rank correlation coefficients. Pairwise comparisons were made 
for RFLP fragments generated by HindIII, EcoRI, and EcoRV over all 
probes. The corresponding probability values for a test of independence 
between the allele differences are shown within brackets 

Compared Compared types of RFLP fragments 
breeding 
l i n e s  HindIII/EcoRI HindIII/EcoRV EcoRI/EcoRV 

1-2 0.56 0.53 0.64 
(0.0007) (0.0001) (0.0001) 

1-3 0.30 0.54 0.52 
(0.0906) (0.0001) (0.0018) 

2 3 0.60 0.54 0.76 
(0.0002) (0.0001) (0.0001) 

Table 3 Relative frequencies of loci with allele differences between the 
breeding lines. Values are shown for the different types of RFLP and 
RAPD fragments and the different fragment size classes 

Type of Fragment 
fragments size class 

Compared breeding lines 

1-2 1-3 2 3  

Type of 
fragments 

Compared breeding lines 

1-2 1-3 2 3 

RFLP, HindIII 0.18(41%) 0 .20 (46%)  0.06(14%) 
RFLP, EcoRI 0.31 (44%) 0.33 (48%) 0.06(8%) 
RFLP, EcoRV 0.19(44%) 0.21 (48%) 0.04(8%) 

RAPD 0.34(43%) 0 .36 (45%)  0.10(12%) 

RFLP, HindIII Short 0.13 0.15 0.05 
Long 0.22 0.25 0.08 

RFLP, EcoRI Short 0.28 0.29 0.06 
Long 0.33 0.38 0.06 

RFLP, EcoRV Short 0.14 0.14 0.03 
Long 0.24 0.28 0.04 

RAPD Short 0.35 0.35 0.12 
Long 0.34 0.37 0.07 
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differences detected in the RFLP assay are dependent on the 
size range of the analysed DNA fragments. 

RAPD analysis 

A set of 92 decamer primers was used in PCR reactions to 
amplify DNA fragments from the three B. napus breeding 
lines. The DNA fragments were separated by gel electropho- 
resis (Fig. 1 B). A total of 434 bands was digitized and analysed 
for dissimilarities between the breeding lines. In this case, the 
number of bands equals the estimated number ofloci. All three 
genotypes had very similar total numbers of bands (line 1, 341 
bands; line 2, 359 bands; line 3, 353 bands), and showed 
widely-different numbers of unique bands (line 1, 57 bands; 
line 2, 10 bands; line 3, 10 bands). Monomorphic band pat- 
terns were observed for 24% of the primers. The relative 
frequencies of loci with allele differences were calculated as 
described in Materials and methods (Table 1). Lines 2 and 
3 were very similar to each other (0.10), while line 1 was more 
distantly related to the others (0.34, 0.36). 

Two arbitrary sets of long and short DNA fragments were 
generated by dividing the digitized data set obtained for each 
primer into two halves which were analysed separately. Long 
and short DNA fragments revealed similar frequencies of 
dissimilarities between the lines (Table 3). Thus, the fi'equen- 
cies of loci with allele differences detected in the RAPD assay 
are not dependent on the size range of the analysed DNA 
fragments. 

Comparison of RFLP and RAPD assays 

The RFLP markers detected 4.2, 2.4 and 3.7 loci per probe in 
assays using HindlII, EcoRI and EcoRV, respectively. The 
RAPD markers detected an average of 4.7 loci per primer over 
the three genotypes screened. Thus, RFLP and RAPD assays 
detect roughly the same number of loci per probe and primer, 
respectively. 

The RFLP (EcoRI) and RAPD analyses detected slightly 
more allele differences among the three lines than the RFLP 

Fig. 2 Bootstrap plot of coefficient of variation (CV) vs number of 
probes/primers for the RAPD data (solid line) and RFLP (HindIII) data 
(dotted line). In both cases the comparison is made for line 1 versus line 2 
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Fig. 3 Probabilities of lost resolution and reversed order of the three 
genotypes for different numbers of (A) RFLP (HindIII) probes, and (B) 
RAPD primers. The probability of reversed order is added on top of the 
probability of lost resolution 

analyses using HindIII and EcoRV (Table 1). However, the 
overall pattern of dissimilarities detected for each set of breed- 
ing line comparisons is very similar. In all four comparisons, 
lines 2 and 3 were more closely related to each other, than 
either of them were to breeding line 1. Normalization of all 
values gives a result that is independent of method. The 
normalized values are shown within brackets in Table 1. 
Regardless of the type of assay, the normalized distances 
between line 1 and lines 2 and 3 are approximately 40-50%, 
while they were only 8-14% between line 2 and line 3. 

To investigate the effect of the number of markers on 
sampling error, coefficients of variation (CVs) were calculated 
by the bootstrap technique. The results for both RFLP and 
RAPD markers are shown in Fig. 2. The CV falls below 0.2 at 
20-30 probes/primers while it reaches 0.1 around 80 primers. 
ven though the RFLP markers show slightly higher CV values 
than the RAPD markers, the two methods are compa- rable 
for the same number of probes and primers. Similar results 
have been obtained for RAPD markers by Skroch et al. (1992). 
Their analysis was based on bands rather than primers, so 
a direct comparison is unfortunately not possible. 

A bootstrap analysis was also used to estimate the prob- 
abilities of two types of errors; lost resolution and reversed 
order. The results are shown in Fig. 3, where the probabilities 
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of the two types of errors are shown as a function of the 
number of probes/primers. The residual probability, illus- 
trated by the white area, is the probability that all lines are 
uniquely identified and placed in the correct order. By correct 
order we mean that lines 2 and 3 are more closely related than 
either of them are to line 1. Figure 3 shows that when 20 or 
more probes and primers are used, the probability of any of 
the two errors is very low. The results of the computer runs 
show that for the RAPD analysis, the probability of either of 
the two errors falls below 1/100 at 10-12 primers and below 
1/1 000 at 20-22 primers. The RFLP analysis shows slightly 
higher probabilities of errors than the RAPD analysis. The 
probability of reversed order falls under 1/100 at 20 probes 
and under 1/1000 at 35 probes. For lost resolution, the 
probability falls under 1/100 at 15 probes and under 1/1000 at 
29 probes. 

Discussion 

We have evaluated RFLP and RAPD markers as tools for 
determining the relationships between three B. napus breeding 
lines showing varying degrees of relatedness. The RFLP and 
RAPD assays detected highly similar relationships between 
the genotypes. These results are also consistent with the 
a priori knowledge of the pedigree relationships between the 
lines. Furthermore, bootstrap analyses were carried out to 
determine the number of probes or primers necessary to 
achieve the expected relationships between the lines. The prob- 
abilities of lost resolution and reversed order were shown to 
decrease quickly with an increase in the numbers of probes or 
primers used in the analyses. With 30 probes or primers, there 
is virtually no risk of the specified errors occurring. The 
probability of errors depends of course on the numbers and 
relationships of the investigated lines. With a larger number of 
closely related lines, the risk of errors is higher. Furthermore, 
given that no errors occur, variance in the estimates of the 
genetic distances still exists. This variation decreases as the 
numbers of probes or primers used in the analysis increases. It 
would be possible to create criteria for the relatedness between 
the lines that take this variation into account, but any such 
criterion would have to be related to the specific questions 
under investigation. 

The proportion of loci with allelic differences detected with 
the RFLP markers is not identical to that detected with the 
RAPD markers. This may be explained by the different mo- 
lecular properties of the two methods. Each DNA band detec- 
ted by Southern analysis using a restriction enzyme with a six 
base-pair recognition sequence evaluates the template DNA 
for differences at 12 base-pairs. On the other hand, each DNA 
band amplified using a single decamer primer is a result of an 
interaction between primer and template DNA at up to 20 
base-pairs. The fragments under study in a typical RAPD 
analysis are, however, much shorter than the fragments gener- 
ated in a typical hexacutter RFLP analysis. Thus, RFLP 
analyses are expected to reveal more rearrangements than do 
RAPD analyses, whereas point mutations are expected to be 
more easily identified using RAPD markers. In our data, the 
observation that long RFLP fragments revealed more dif- 

ferences than did short RFLP fragments indicates that some 
structural rearrangements were detected. The fact that long 
and short RAPD fragments showed similar levels of variation 
and that the RAPD analysis showed more variation than the 
RFLP analysis indicates that most of the observed dissimilar- 
ities are due to differences at the base-pair level rather than to 
rearrangements. It should be pointed out, however, that the 
dynamics of the PCR process are not fully understood. The 
possibility cannot be excluded that RAPD markers yield 
apparent variation that is not due to point mutations in the 
recognition sites but rather to competition between different 
PCR products, as postulated by Heun and Helentjaris (1993). 
In the RFLP analysis, use of the restriction enzyme EcoRI 
revealed more variation than EcoRV and HindIII. Since these 
restriction enzymes have different recognition sequences and 
generate DNA fragment sets with different mean lengths, such 
differences are to be expected. 

The Spearman rank correlations show intermediate posi- 
tive correlations between the dissimilarities generated with the 
three different restriction enzymes in the analysis of the RFLP 
data. We believe that two biological phenomena contribute to 
the positive correlation coefficients; (1) structural rearrange- 
ments that are detectable with several restriction enzymes, and 
(2) situations where the two lines under comparison contain 
regions which are significantly more similar than the average 
level of relatedness between them. The latter could, for 
example, result from the introgression of identical regions 
through crosses with a specific line. The higher correlation 
coefficients detected in the comparison of lines 2 and 3 may be 
indicative of this phenomenon, since line number 2 is a selec- 
tion from cv Topas, and line number 3 is derived from a cross 
between Topas and a breeding line. (If all regions compared 
between two genomes have the same relatedness, and all 
differences are due to point mutations, then the correlation 
coefficients are expected to be zero.) One consequence of these 
results is that the gain of information by using more restriction 
enzymes is reduced by the size of the correlation coefficient. In 
our case, where the correlation coefficients are approximately 
0.5, the variance of the mean genetic distance would be 
reduced only by half of what would have been achieved if the 
genetic distances estimated for the different restriction en- 
zymes were uncorrelated. 

A number of mapping studies have shown that many 
RAPD markers deviate from their expected patterns of in- 
heritance (Reiter et al. 1992; Tulsieram et al. 1992; Echt et al. 
1993). It has been argued (Heun and Helentjaris 1993) that 
these problems might have a common basis in competition 
between different priming sites. They postulate that competi- 
tion would give rise to selective amplification of a set of RAPD 
fragments from a larger number of candidate priming sites, 
and that this selective amplification might be influenced by 
other regions in the genome. Consequently, RAPD markers 
should be used with caution, especially in estimations of 
genetic distances. Although mapping can be carried out effi- 
ciently using RAPD markers on doubled haploid lines, the use 
of RAPD markers in breeding programmes will be limited by 
their potential unreliability and their non-codominant nature. 
Ideally, the reliability of the RAPD markers should be 
confirmed in every experimental system. The problem of 
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reliability was recently addressed by Thormann and Osborn 
(1992) who found that RFLP and RAPD markers gave differ- 
ent results when comparing genetic relationships among dif- 
ferent Brassica species. They interpreted this discrepancy as 
being due to non-homology of identically-sized RAPD frag- 
ments from different species. Comparisons of accessions from 
the same species, however, showed very similar results for 
RFLP and RAPD analysis. In this study, RFLP and RAPD 
markers detected highly similar genetic distances among a set 
of B. napus genotypes. This indicates that the estimation of 
relationships between closely related B. napus genotypes is 
possible using RAPD markers. 
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