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ABSTRACT - The main objective of the present study was to characterize the genetic structure of three Brazilian sweet corn
populations. In addition, we aimed to investigate the molecular genetic diversity within and among the populations and
evaluate the ability of RAPD and SSR markers to detect inter and intra-population variation in these populations. PCR were
performed using 11 RAPD and six microsatellite primer pairs. Genetic similarity was estimated within and among populations
considering the markers independently and jointly. Variability for each locus was measured using the Polymorphism Information
Content and the correlation between pairwise distance matrices was obtained. The genetic similarity and analysis of the
molecular variance results indicated a higher similarity among than within populations, and RAPD showed lower PIC values
than SSR. Knowledge on the genetic diversity distribution in this germplasm is important to determine strategies for future
conservation and selection for breeding programs.
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INTRODUCTION

In the United States sweet corn is economically one
of the most important vegetables (Tracy 1997). In Brazil
the economical potential of the crop consists in fresh
consumption, although its production is restricted to
Southern Brazil. Several factors have contributed to this
small expression, including the lack of adapted varieties
and the presence of undesirable agronomic traits such as
tall plants, lodging susceptibility and poor ear placement
(Silva 1983, Tosello 1997). The development of superior
sweet corn genotypes is crucial to overcome these
problems.

Information about germplasm diversity in crops is
relevant for plant breeding since the genetic improvement
of any organism depends on the availability of genetic
variability (Allard 2000). Moreover, the partitioning of
variability between and among populations determines the

adopted breeding strategy (Chalmers et al. 1992).
Genotypes are often identified through morphological and
physiological traits, although these estimators are limited
in number and can be affected by environmental factors
(Manifesto et al. 2001).

Molecular methods are adequate for genetic diversity
studies, particularly markers generated by applying the
polymerase chain reaction (PCR). (Lynch and Milligan
1994, Chan and Sun 1997). RAPD (Random Amplified
Polymorphic DNA) is a quick and low-cost non-radioactive
analysis and has been widely used in plant population
studies, including maize (Chalmers et al.1992, Lynch and
Milligan 1994, Bartish et al. 1999, Mengoni et al. 2000, Popi
et al. 2000). On the other hand, the SSR (Simple Sequence
Repeat or Microsatellite) technique has quickly gained
acceptance because of its codominant nature,
reproducibility and high information content (Manifesto
et al. 2001). Recent studies have documented microsatellite



2                                                                                                        Crop Breeding and Applied Biotechnology 5:1-8 2005

loci for a wide range of crops, including maize, and have
been used in genetic population and cultivar studies as
well as genetic mapping and fingerprinting (Senior and
Heun 1993, Chin et al. 1996, Warburton et al. 2002, Reif et
al. 2004). The simultaneous use of RAPD and SSR markers
may be relevant to assess diversity in genotypes or
populations (Mengoni et al. 2000). The main objective of
the present study was to characterize the genetic structure
of three Brazilian sweet corn populations as a basis for
breeding programs. In addition, we aimed to i) investigate
the molecular genetic diversity within and among
populations, and ii) evaluate the ability of RAPD and SSR
markers to detect inter and intra-population variation in
these populations.

MATERIAL AND METHODS

Plant material and DNA isolation
This study focused on three sweet corn populations

which represent the main type of germplasm available,
including two mutant types, the sweet and supersweet
series (Table 1). Seeds of 30 plants per population were
germinated and the total DNA isolated from the leaves of
each plant according to Edwards et al. (1991). The same
DNA samples were used in the RAPD and SSR analyses.
Crossa et al. (1993) showed that the sample size (n)
required to retain, at probability P, at least one copy of
each of K allelic classes in each one of m loci should be
larger than

Considering six SSR loci with four alleles each, at
95% probability, we need 22 plants to obtain a reliable
estimate.

PCR markers
RAPD amplification was performed in a total volume

of 25 ml according to the protocol described by Mailer et
al. (1997). Initially, 20 RAPD decamer primers were screened
in order to test the amplification profiles for readability
and reproducibility. After this procedure, 11 primers were
chosen for analysis (Table 2). Six microsatellite loci were
selected from the Missouri Maize Project using MaizeDB
(nucleus.agron.Missouri.edu/index.html). Information

about SSR loci is included in Table 3. PCR were performed
in a total volume of 20 ml according to Liu et al. (1996).

RAPD amplification products were resolved on a
1.4% agarose gel and visualized after ethidium bromide
staining, while the SSR products were resolved in a 6%
polyacrylamide gel stained with silver nitrate.

Data analysis
The bands visualized on the gels were scored using

a binary code for their presence (1) or absence (0) for both
RAPD and SSR. This way we determined a molecular binary
phenotype for each individual plant by linearly combining
the presence/absence of each marker.

In view of the respective dominant and codominant
nature of RAPD and SSR markers, it was assumed that
each RAPD band represented a distinct locus with two
alleles. Unbiased frequencies of null alleles were computed
according to Lynch and Milligan (1994). Allelic frequencies
were estimated from SSR data and each locus was
characterized and tested for the Hardy-Weinberg
Equilibrium using TFPGA software (Miller 1997).

Genetic similarity was estimated within populations

using the Jaccard similarity index  , where a

is the number of positive matches, and b and c refer to the
number of bands present in genotype 1 and 2 only,
respectively (Jaccard 1908). The distance between the
populations was estimated using distance

, where n = number of observations

(Barbosa-Neto et al. 1997) considering RAPD and SSR
independently and jointly. The similarity analysis was
performed using NTSYS-pc 2.10m (Rohlf 2000).To
determine how many fragments have to be evaluated to
estimate genetic distances the expression

  was used where N = optimal number

of fragments to achieve a desired level of precision for the
estimated genetic distance, f = frequency of polymorphic
fragments and E = confidence interval (Barbosa-Neto et
al. 1997).

The variability for each locus was measured using
the Polymorphism Information Content (PIC) by the
expression  where pu was the frequency of
the u allele. The correlation between pairwise distance
matrices derived from RAPD and SSR data was obtained
by the method of Mantel (1967). The PIC calculation and
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BR 400

BR 401

BR 402

Open pollinated

Open pollinated

Open pollinated

Hawaiian supersweet series

Hawaiian sweet series

Doce de Cuba

bt1

su1

su1

EMBRAPA

EMBRAPA

EMBRAPA

Population Population Germplasm Mutant Developer

Table 1. Type, germplasm, mutant gene, and developer of the three studied sweet corn populations

2 0

2 1

2 2

2 3

2 4

2 5

2 6

2 7

2 8

2 9

3 0

Mean

TGCGCCCTTC

GTCCACACGG

ACGGATCCCT

GAGGATCCCT

CCTGATCACC

GGTGATCAGG

CCGAATTCCC

GGGAATTCGG

CCGATATCCC

GGGATATCGG

GTAGCACTCC

0 3

0 3

0 1

0 4

1 0

0 4

1 2

0 9

0 8

0 8

1 0

6.5

700-900

450-1000

700

550-1700

400-1400

600-1000

350-1400

300-1550

350-1500

550-1550

450-1150

300-1700

0.21

0.13

0

0.23

0.18

0.24

0.24

0.21

0.18

0.09

0.21

0.17

0.41

0.26

0

0.45

0.37

0.48

0.49

0.41

0.35

0.19

0.42

0.35

1 1

1 2

1

2 1

2 1

3 2

2

1 1 3 5

3

1

1

1

1

1 2

1 1

1

2 2

4 6 7

RAPD
Primer

 Primer
sequenc es

Number of
amplified
fragments

Fragment
size (bp)

PIC
(0-0.5)

corrected
PIC
(0-1)

Nr of
exclusive
fragments

400 401 402

Nr of
 absent

fragments
400 401 402

Table 2 . Number and sequence of primers employed in the study, number and size of RAPD amplified fragments, Polymorphism
Information Content (PIC), corrected PIC and number of fragments exclusive to or absent in determined populations only for the
primers employed in the study
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Mantel test analysis were performed using Microsoft Excel
and NTSYS-pc respectively.

Analysis of Molecular Variance (AMOVA) (Excoffier
et al. 1992) was used to analyze the partition of the total
genetic variation among and within populations.

RESULTS AND DISCUSSION

Only one of the eleven RAPD primers under study
was monomorphic. A total of 72 loci were scored (Table 2),
and only bands that showed clear reproducible patterns
were chosen for analysis. The mean number of bands per
primer was 6.5, ranging from one to twelve. Sun et al. (2001)
reported 6.7 fragments per RAPD primer in maize hybrids.

The results of PCR amplification of the SSR loci are
summarized in Table 3. All six SSR loci displayed
polymorphism and a total of 25 alleles distributed among
the analyzed genotypes were assessed, with a mean
number of 4.2 and ranging from two to six. The amplified
fragments varied in size from 137 to 143 bp for all loci
included in the analysis. An average of 4.6 and 4.9 alleles
per SSR loci in maize were described by Sun et al. (2001)
and Warburton et al. (2002), respectively.

As expected for dominant markers, RAPD presented
lower PIC values than SSR. In the present study, the mean
PIC estimated for SSR loci was 0.57 (Table 3) and varied
from 0.39 (umc 1331) to 0.73 (umc 1023), while for RAPD it
varied from 0 (primer 22) to 0.24 (primers 6 and 7) with a

mean of 0.17 (Table 2). Absolute PIC values of RAPD and
SSR markers are not comparable because the maximum
PIC values are 0.5 and 1.0 for RAPD and SSR loci,
respectively. A correction column was inserted in Table 2
to make values comparable. Fahima et al. (2002) studied
SSR polymorphism of 15 Triticum dicoccoides populations
and the results showed that SSR loci are more polymorphic
and revealed a higher genetic diversity than allozyme and
RAPD loci. Loci with high PIC values can be useful to
discriminate germplasm in future studies. Warburton et al.
(2002) reported that the most discriminatory SSRs were
not always those with the highest PIC. Some SSR loci can
be identified as being discriminatory in the evaluated
germplasm and still have a low PIC value. In the present
study, fragments identified as specific for a determined
population did not necessarily have high PIC value (Tables
2 and 3). It is therefore not possible to predict which SSRs
will be the most discriminatory on the sole basis of PIC
(Warburton et al. 2002).

Table 4 shows the variability estimates among and within
populations, which were calculated for a total of 95 fragments.
According to Barbosa-Neto et al (1997), 45 fragments are
sufficient to obtain a reliable genetic distance when

10.0=α and Z = 1.64. The similarities observed in the RAPD
and SSR data were higher among than within populations,
which was as expected for open-pollinated populations. The
similarity index was calculated among populations
considering the expression 1-D, and results showed that the
mean similarity was very high. The RAPD and SSR data sets

Umc 1620

Umc 1023

Umc 1097

Umc 1034

Umc 1331

Umc 1648

Mean

CCACCGAGTGACTAGTTGTGAGAG//
CCTTTCAATGTTCATGTTCTCTTCC

CTTGTGCCACCACATGCAGTA//
CAGTTTGGAACAGGGAAAAGTACG
CTCGTCAACGTCAACCCAAGTAAG//
CTGTTAGATGTGCGACAACAGAGC

GTGTTTCCGTTTCGCTGATTTTAC//
TCATCCATGTGACAGAGACGACTT
TTATGAACGTGGTCGTGACTATGG//

ATATCTGTCCCTCTCCCACCATC
CTGCAGTACGTGAGCCTGTACG//

GCTTGAGCTGTGAGGAAGTTTTG

TTC(4)

AT(11)

CA(8)

GA(12)

GGT(10)

TC(8)

0 2

0 6

0 5

0 6

0 3

0 3

4.2

0.46

0.73

0.62

0.62

0.39

0.63

0.57

1

1

1

1 1 1

Nr of
exclusive
fragments

400 401 402

1

2 2

2 3

SS R
loci Motif Sequence (5`- 3`) R/F Nr. of

al le l e s
PIC
(0-1)

Nr of
absent

fragments
400 401 402

Table 3. Maize SSR, chromosomal locations, motif, primer sequences, number of alleles, Polymorphism Information Content (PIC),
and number of fragments exclusive to or absent in determined populations only for the loci employed in the study
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Table 4. Genetic diversity among (D distance) and within populations (Jaccard coefficient) considering each marker type independently
and jointly

RAPD

SSR

RAPD+SSR

0.053

0.072

0.044

0.947

0.928

0.956

0.52

0.47

0.50

0.40

0.28

0.32

0.50

0.36

0.41

Marker Type Mean distance among
populations
(D distance)

Mean similarity
among populations

(1-D)

BR400
(Jaccard)

BR401
(Jaccard)

BR4012
(Jaccard)

were combined and 97 markers were analyzed. The genetic
similarity results indicated the same tendency of higher
similarity among than within populations. The results of the
AMOVA partitioning of genetic variation (Table 5) agree with
the genetic similarity results, because most of the total genetic
variation was found within populations (88%). According to
Bartish et al. (1999) the genetic variability within plant
populations depends on the plant breeding system,
distribution area and other minor factors. Outcrossing and
wind-pollinated species such as maize tend to have a high
within-population variability. Amongst all data sets,
population BR 401 presented the highest variability (Table
4). Populations BR 400 and BR 401 were very heterogeneous
at the molecular marker level and poorly distinguished from
one another in spite of having the same origin. BR 402,
although from a different origin, could not be distinguished
from the other two populations by D distance. The genetic
variability assessed within populations seems to be
population-specific since there were exclusive fragments in
each of them (Table 2 and 3). Knowledge on the genetic
diversity distribution in this germplasm is important to
determine strategies for future conservation and for selection
for breeding programs.

pairwise similarity matrices, considering each population
(r=0.024 to BR400, r=0.019 to BR401 and r=0.06 to BR402).
The different molecular basis of RAPD and SSR markers
can explain the differences in the results.  SSR
polymorphism is created by DNA polymerase slippage,
while RAPD variation resides in many different types of
mutational events that occur in the annealing site of the
primer and in/in-between? the sites responsible for the
amplification (Mengoni et al. 2000). The standard scoring
procedure used for both markers can affect the results
and result in a low correlation between RAPD and SSR
similarity matrices. Mengoni et al. (2000) used RAPD and
SSR variation to assess genetic relationships among alfalfa
populations and obtained low correlation between RAPD
and SSR data through the Mantel test. Manifesto et al.
(2001) evaluated wheat germplasm using SSR and AFLP
markers, and the correlation between similarity matrices
was very low.

The Hardy-Weinberg Equilibrium tests considering
all three populations and the six SSR loci studied here are
presented in Table 6. Populations BR 400 and BR 401
showed five of the six loci analyzed in Hardy-Weinberg
equilibrium, however, the locus that presented deviation
from equilibrium in BR 400 showed an excess of
heterozygosity, while in BR 401 there was a deficit of
heterozygosity. In the BR 402 population only two of six
loci were in equilibrium. All loci that presented deviation
from the Hardy-Weinberg equilibrium presented excess
homozygosity.  The departures from the Hardy-Weinberg
equilibrium observed at some loci with excess
homozygosity and low heterozygosity values can be
related to various causes: (i) loci with smaller numbers of
alleles or with a skewed frequency distribution; (ii) positive
assortative matings between individuals (homogamy); (iii)
selection favoring homozygotes (Collevatti et al. 2001, Reif
et al. 2004).

Among populations

Within populations

Total

2

6 9

7 1

2.34

19.23

21.57

0.04

0.28

0.32

1 2

8 8

100

Source of variation df S S Variance
component

Variation
(%)

Table 5. AMOVA for the three sweet corn populations under study

The Mantel test (Mantel 1967) established low and
non-significant correlations between RAPD and SSR
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The analysis of the three sweet corn populations
revealed that most of the genetic diversity is within
populations, and that this variation is not necessarily
the same, since there are fragments exclusive to
particular populations. This result can be very useful
for breeding programs, since different genotypes can
be discovered within the populations. Moreover, the
populations are in Hardy-Weinberg equilibrium in most
loci,  and this germplasm can be useful for  the
improvement of open-pollinated varieties. This
germplasm is however less suitable for hybrid breeding,
where clear ly dist inct  heterot ic groups are
advantageous (Reif 2004). The results obtained with

BR 400

BR 401

BR 402

Total

5

5

2

1 2

0

1

4

5

1

0

0

1

6

6

6

Population Loci in Hardy-Weinberg
equilibr ium

Loci with deviation from Hardy-Weinberg
equilibr ium

Excess
homozygosity

Excess
heterozygosity

Total

Table 6. Number of loci with and without deviation from Hardy-Weinberg Equilibrium in the sweet corn populations

the RAPD and SSR analyses were similar to each other,
and although the correlation (the Mantel test) between
genetic distances calculated from the RAPD and SSR
data was poor, molecular markers provide a valuable
tool  for  germplasm grouping and are a  good
complementation to field trials for identifying groups
of genetically similar germplasm (Reif et al. 2003).
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Variação genética em populações de milho
doce detectada através de RAPD e SSR

RESUMO - Os objetivos deste trabalho foram caracterizar a estrutura genética de três populações brasileiras de milho
doce; investigar a variabilidade genética, em nível molecular, entre e dentro de populações; avaliar a capacidade dos
marcadores RAPD e SSR em detectar a variação intra e inter-populacional. Foram utilizados 11 primers de RAPD e seis
pares de primers de microssatélites. A similaridade genética foi estimada dentro e entre as populações considerando os
marcadores independentemente e combinados. A variabilidade para cada loco foi estimada através do índice de conteúdo de
polimorfismo e foi realizada a correlação entre as matrizes de distância. Os índices de similaridade genética obtidos e os
resultados da análise da variância molecular indicaram uma similaridade maior entre as populações do que dentro das
mesmas. O conhecimento da distribuição da diversidade genética neste germoplasma é extremamente importante para
determinar estratégias que serão utilizadas no programa de melhoramento de milho doce.

Palavras-chave: Diversidade genética, germoplasma, marcadores moleculares, Zea mays.
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