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Isozyme, RAPD and AFLP markers were evaluated and compared for their ability to determine genetic similarity in
a set of 18 parental lines of winter oilseed rape F1 hybrids developed using CMS ogura. Five isozyme systems, 64
RAPD starters and 23 EcoRI+3/MseI+3 AFLP primer combinations generated 597 polymorphic markers. These
polymorphic fragments were chosen for estimation of genetic similarity. Of the total number of polymorphic prod-
ucts, polymorphic zymograms constituted only 3.0% of the markers, 57 RAPD primers 37.7%, and 23 AFLP primer
combinations 59.3%. The size of RAPD polymorphic products ranged from 564 to 2100 bp. On average there were
four amplified bands per primer, with 61.0% polymorphism. The AFLP polymorphic fragments ranged from 72 to
1352 bp in size. AFLP assays generated 15 bands per primer pair on average and detected roughly four times more
bands than with RAPD analysis. The genetic similarity coefficients based on all marker data range from 0.52 to
0.84. The correlation of genetic similarities based on RAPD and AFLP markers was 0.58. Estimated genetic simi-
larity based on isozyme data was not correlated with genetic similarity derived from the two DNA-based markers.
The dendrogram constructed with the three types of markers taken together grouped all the winter oilseed rape
parental lines into several similar clusters. The genomic distribution and frequency of the RAPD and AFLP mark-
ers can serve well as estimators of genetic similarity between parental lines of F1 CMS ogura hybrids.
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INTRODUCTION

Molecular genetics techniques have completely
changed how we study plant genomes and plant
breeding. Molecular markers enable researchers to
analyze genotypes without regard to environmental
conditions and plant development stage. These
markers include isozyme and polymorphic mark-
ers of DNA. Isozymes, the use of which was pro-
posed by Hunter and Market (1957), have many
advantages: they are direct products of the action of
genes, they segregate according to Mendel's laws,
and they usually are codominant. Besides studies
on the genus Brassica (Yu et al., 2005), isozyme
markers have been applied in a wide range of
research on a variety of plant species (Weeden,
1989; Krzymińska et al., 2008; Ouji et al., 2011).

Markers based on DNA analysis have advan-
tages similar to those of isozyme markers but they
have a wider polymorphism spectrum and theoreti-
cally their number is unlimited. Markers employing
PCR technique, such as random amplified polymor-
phic DNA (RAPD), amplified fragment length poly-
morphism (AFLP), single sequence repeat (SSR) and
single nucleotide polymorphism (SNP), support the
selection of quantitative traits whose expression is
considerably affected by environmental conditions
(Javidfar et al., 2006; Hasan et al., 2008). They are
used to construct genetic maps employed in many
ways: as sources of genetic information describing
species (Snowdon and Friedt, 2004; Chen et al.,
2011), in research on the genetic diversity/similarity
of breeding material (Kozak et al., 2011; Ouji et al.,
2011; Zhao et al., 2012), and in constructing genet-



ic pools for various breeding programs (Seyis et al.,
2003; Hasan et al., 2005; Ofori et al., 2008; Wei et
al., 2009; Krajewski et al., 2012).

Identifying a parental combination with strong
yield heterosis is the most important step in the devel-
opment of hybrid cultivars (Basunanda et al., 2010).
The level of genetic diversity/similarity between par-
ents has been proposed as a predictor of F1 perform-
ance and heterosis (Moll et al., 1965; Falconer and
Mackay 1996). Prediction of heterosis from molecular-
based distance has been reported in oilseed brassicas
(Diers et al., 1996; Yu et al., 2005). Becker and
Engqvist (1995) noted the usefulness of RAPD-based
genetic distance estimates to predict heterosis for leaf
dry matter production in B. napus. Shen et al. (2003)
found a positive association between hybrid seed yield
and genetic distance estimated by AFLP analysis.

In this study we (i) estimated the genetic similari-
ty of F1 CMS ogura hybrid parental lines based on
isozymes, RAPD and AFLP markers, (ii) compared the
genetic similarity and dendrograms obtained using
those different markers, and (iii) assessed the useful-
ness of genetic similarity (GS) estimated by isozymes
and molecular markers as a criterion for selection of
parental components for F1 hybrid breeding.

MATERIALS AND METHODS

The genetic polymorphism of 18 parental lines of F1
CMS ogura hybrids of winter oilseed rape was esti-
mated with the use of molecular markers. The inves-
tigated lines were 8 CMS ogura lines (Samourai ISL,
PN 9294, PN 9288, PN 2824, PN 2850, BO 83a, 
BO 120a, BO 238a) and 10 paternal lines: 6 restor-
er lines containing the Rfo restorer gene (PN 4533,
PN 4537, PN 4539, PN 4555, BO 110-RJ-4-103, 
PN 1265) and 4 lines without the restorer gene (Bor
zap 1, Bor zap 2, Bor zap 3, Bor zap 4).

The plant material pedigrees and methods of ana-
lyzing isozymes and molecular markers were
described in detail by Liersch (2005) and Bocianowski
et al. (2011). The polymorphism of enzymatic protein

was analyzed following methods developed by Shields
et al. (1983) and Vallejos (1983). Enzyme separation
was done by horizontal electrophoresis on 10.5%
starch gel. Five isozyme systems were examined: isoc-
itrate dehydrogenase – IDH (E.C.1.1.1.42), malate
dehydrogenase – MDH (E.C.1.1.1.37), 6-phosphoglu-
conate dehydrogenase – 6PGD (E.C.1.1.1.44), leucine
aminopeptidase – LAP (E.C.3.4.11.1), and phospho-
glucoisomerase – PGI (E.C.5.3.1.9).

RAPD AND AFLP ANALYSES

Genomic DNA was extracted from 8-day-old leaves
of 10 plants for each investigated line by a modified
CTAB procedure according to Doyle and Doyle
(1990). RAPD analysis followed the method of
Williams et al. (1990) method. The DNA samples
were analyzed using 64 primers (Operon
Technologies, Alameda, CA, USA) (Tab. 1). The
amplified products were separated by electrophore-
sis for 3 h in 1.8% agarose gel. Each sample was
analyzed in two replicates. The majority of these
primers were selected from the linkage map for
rapeseed described by Lombard and Delourme
(2001).

AFLP analysis followed standard methods in
accordance with the manufacturer's instructions
(Gibco BRL, AFLP Analysis Reagent Kit, AFLP
Analysis System I) and as previously described by
Vos et al. (1995). Twenty-three primer combinations
including 6 EcoRI and 7 MseI primers were used
(Tab. 2). PCR products were resolved on 13.35%
denaturing polyacrylamide gels, silver-stained.

DATA ANALYSIS

Genetic similarity (GS) of investigated lines was cal-
culated according to Nei and Li's (1979) coefficient,
defined as GS = 2NAB/(NA+NB), where NAB is the
number of fragments shared by accessions A and B,
NA is the number of amplified fragments in sample
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FFiigg..  11.. Zymogram of malate dehydrogenase (MDH) in paternal line Bor zap 3 without restorer gene and CMS ogura
maternal line Samourai ISL of CMS ogura hybrids of winter oilseed rape.



A, and NB is the number of amplified fragments in
sample B. Genetic similarity (GS) was computed for
each of three marker types separately as well as for
the three marker types together. The genotypes were
grouped using the unweighted pair group method
with arithmetic mean (UPGMA). Similarities among
parental lines were visualized with dendrograms.
Minima, maxima, means and coefficients of varia-
tion were estimated for all GS coefficients. In addi-
tion, correlation coefficients were estimated to deter-
mine the relationship between GS calculated for all

three marker systems. All calculations were done
with GenStat v. 7.1 (Payne et al., 2003).

RESULTS

In estimating genetic similarity between the parental
lines of F1 winter oilseed rape we obtained 597
markers, of which 18 (3.0%) characterized isozyme
loci: three polymorphic zymograms each in the IDH,
6PGD, LAP and MDH (Fig. 1) isozyme systems, and

Methods of assessing genetic similarity in oilseed rape hybrids 51

TABLE 1. RAPD primers used for analysis of parental lines of winter oilseed rape F1 hybrids 

(a) – total number of amplified DNA fragments; (b) – number of polymorphic DNA fragments; (c) – (b/a × 100) – % of polymorphism



six polymorphic zymograms in PGI. The DNA mark-
ers we found comprised 225 RAPD markers (37.7%
of all markers) and 354 AFLP markers (59.3%).
Fifty-seven of the 64 RAPD primers differentiated
the DNA of the investigated lines. The polymorphic
products ranged from 564 bp to 2100 bp. On aver-
age there were four amplified bands per primer,
with 61.0% polymorphism (Tab. 1). The polymor-
phic AFLP fragments ranged from 72 bp to 1352 bp.
The total number of polymorphic bands scored per
primer combination varied from 3 to 31, with mean
polymorphism of 34.5% (Tab. 2). AFLP assays gen-
erated 15 bands per primer pair on average and
produced four times more bands per reaction than
we obtained by RAPD analysis. The characteristics
of polymorphism revealed by three investigated

marker systems are presented in Figure 2 and
Tables 3, 4 and 5. 

The coefficient of correlation between GS esti-
mated by RAPD and by AFLP markers was 0.58 
(p< 0.001; Tab. 6). The correlation coefficient for the
whole set of markers gave a GS estimate strongly cor-
related with estimates based on RAPD and AFLP
markers but not the GS from isozyme markers
(Tab. 6).

Genetic similarity based on each of the three
types of markers and the whole set are presented in
Figures 3 (isozymes), 4 (RAPD), 5 (AFLP) and 6 (all
markers). The dendrogram based on AFLP was
basically the same as the one based on RAPD.
Clustering based on GS for all markers was close to
the one based on AFLP markers. The paternal line
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TABLE 2. AFLP primer combinations used for analysis of
parental lines of winter oilseed rape F1 hybrids 

*Core sequences for selective amplification were E-5’-GACTGCGTA-
CCAATTC-3’ (EcoRI primer) and M-5’-GATGAGTCCTGAGTAA-3’
(MseI primer). Every EcoRI and MseI was designed by adding to
the 3’ end three randomly selected nucleotides;
(a) – number of amplified DNA fragments; (b) – number of poly-
morphic DNA fragments; (c) – (b/a × 100) – % of polymor-
phism.

TABLE 3. Comparison of polymorphism revealed by
isozymes, RAPD and AFLP markers

FFiigg..  22.. Genetic similarity of parental lines of F1 CMS ogura
hybrids of winter oilseed rape (Brassica napus), classified
by marker type.
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TABLE 4. Genetic similarity among the studied genotypes based on isozymes (below diagonal) and RAPD markers
(above diagonal)

TABLE 5. Genetic similarity among the studied genotypes based on AFLP markers (below diagonal) and all markers
together (above diagonal)
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FFiigg..  33..  Dendrogram for 18 parental lines of winter oilseed
rape (B. napus) constructed for isozyme markers.

FFiigg..  44.. Dendrogram for 18 parental lines of winter oilseed
rape (B. napus) constructed for RAPD markers.

FFiigg..  55.. Dendrogram for 18 parental lines of winter oilseed
rape (B. napus) constructed for AFLP markers.

FFiigg..  66.. Dendrogram for 18 parental lines of winter oilseed
rape (B. napus) constructed for all markers.



without restorer gene Bor zap 3 (paternal lines of the
high-yielding composite hybrid Pomorzanin) had a
separate branch on the dendrograms for RAPD,
AFLP, and all markers analyzed together, indicating
its difference from the other lines. Interestingly,
isoenzyme markers did not separate it, probably
due to too few isozyme banding patterns. Figures 5
and 6 show several similar small clusters containing
15 of the 18 lines.

DISCUSSION

Mohammadi and Prasanna (2003) stressed three
important elements of evaluating genetic diversity in
plant material: (i) selection of an appropriate statis-
tical measure to estimate the relationships among
the studied genotypes, (ii) selection of molecular
techniques, and (iii) the number of molecular mark-
ers used. We tested three types of markers differing
in the number of polymorphic markers generated,
the repeatability of results, their cost, and their abil-
ity to test a large number of samples quickly.
Isozymes, RAPD and AFLP markers have been used
to estimate genetic diversity/similarity in various
crop species (Foisset et al., 1996; Corbellini et al.,
2002) and species of the genus Brassica (Snowdon
and Friedt, 2004; Hu et al., 2007). The RAPD
method is one of the simplest and cheapest molecu-
lar techniques; RAPD markers have been used suc-
cessfully to analyze genetic diversity, identify, quan-
tify and characterize genetic variation in all available
germplasm resources (Ćwiklińska et al., 2010;
Bocianowski and Seidler-Łożykowska, 2012). The
AFLP method has been applied in research involv-
ing, for example, identification of sequence variabil-
ity (Vos et al., 1995) and prediction of hybrid per-
formance in maize using AFLP and SSR molecular
markers (Schrag et al., 2010). Lefort-Buson et al.
(1987) determined the genetic distances of parental
lines of F1 hybrids of spring and winter rapeseed
based on eleven isoenzymatic systems, seven of
which were studied in detail. They showed the poten-
tial of isozyme analysis for selecting components of
hybrid rapeseed cultivars. Yu et al. (2005) reported
similar results but stated that the use of isozyme
markers for selection of parental lines of hybrids of

the Schaan 2A system was limited by their low fre-
quency of occurrence. That is the most important
factor limiting the use of this type of marker. For
example, the maximum number of loci is 30 in
wheat, 36 in maize, and 26 in tomato (Lefort-Buson
et al., 1988). This explains the small share of
isozyme markers – only 3% – in our pool of markers. 

The RAPD and AFLP molecular markers we used
differ in number, polymorphism level and repeatabil-
ity. Genetic similarity estimates can differ due to dif-
ferences in the number of marker observations and in
the character of polymorphic markers. Generally, the
percentage of polymorphic DNA bands is smaller for
AFLP and yet this technique is more efficient than
RAPD and isozymes for analyzing genetic divergence,
thanks to the large number of polymorphic DNA frag-
ments per assay unit (Lombard et al., 2000;
Simoniuc et al., 2002). Our study confirmed this: the
RAPD method generated 61.0% polymorphic DNA
fragments, and the AFLP method only 34.5% (Tabs.
1, 2). Studying Brassica campestris, Das et al. (1999)
reported 79.2% polymorphism for RAPD markers
and 66.8% for AFLP markers.

For the studied parental lines of CMS ogura F1
hybrids we found correlations between the genetic
similarity estimates based on RAPD and AFLP mark-
ers (r = 0.58), RAPD and all markers (r = 0.87), and
AFLP and all markers (r = 0.91). There was no such
correlation between the analyses based on isozyme
markers and either RAPD or AFLP markers. A num-
ber of authors have studied genetic relationships
within and between Brassica species using tech-
niques such as RFLP and RAPD (dos Santos et al.,
1994; Thormann et al., 1994). Estimating the rela-
tionships in 18 lines of Brassica species, Thormann
et al. (1994) reported a strong correlation (r = 0.97)
between the results from RFLP and from RAPD
markers. In a study of Brassica oleracea genotypes,
dos Santos et al. (1994), found quite a strong corre-
lation between the results from RFLP and from
RAPD markers (r = 0.74).

The dendrograms for the various markers
(Figs. 3–5) show differences in genotype groupings,
especially for the isozyme markers. The differences
in genotype clustering between marker types corre-
spond to the differences between genetic similarity
coefficients.

The dendrograms based on RAPD and AFLP
markers as well as on all markers taken together
group the genotypes into clusters generally in agree-
ment with the known pedigrees. The results show
that genetic variation among the selected CMS ogura
breeding lines was small. The classification of these
lines is based on pedigree.

In their study of Brassica oleracea genotypes,
dos Santos et al. (1994) noted some inconsistency
between RAPD and RFLP analyses in clustering
based on genetic similarity but reported correspon-
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TABLE 6. Correlations between GS estimated from analy-
ses using isozymes, RAPD and AFLP markers; correlation
coefficients, with p values in parentheses
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dence between genotype grouping and genotype ori-
gin. Studying carrot (Daucus carota L.), Nakajima et
al. (1998) discussed some differences between den-
drograms constructed on the basis of AFLP and
RAPD markers, which may have been due to differ-
ences in PCR efficiency or to small band sample
size. According to Simoniuc et al. (2002), some dif-
ferences between RAPD and AFLP clustering may be
due to the fact that AFLP analyses are based on
restriction sites and therefore scan different parts of
the genome. In their study, pedigree relationships
were best reflected in the combined cluster of AFLP
and RAPD analyses (Simoniuc et al., 2002). The
same was true in our present study.

CONCLUSIONS

1. Our analyses of genetic similarity between
parental lines of F1 CMS ogura hybrids con-
firmed the general observation that isozyme
markers are useful in this type of research only
as markers complementary to molecular mark-
ers, owing to the small number of loci they dif-
ferentiate.

2. AFLP markers are the most useful ones for
studying the genetic similarity of winter oilseed
rape breeding lines, because of their high preci-
sion and the large number of markers they yield
for a single genotype.

3. Approaches combining markers such as RAPD
and AFLP may provide more accurate informa-
tion on genetic diversity and relationships in 
B. napus genotypes.
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