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ABSTRACT

The RAPD and SSR markers were used to compareetiedigy diversity among the 16 maize inbred linegerity-
two primers were used in the RAPD reactions, rasyiin the amplification of 265 fragments, while ddirs of SSR
primers resulted in 75 fragments. The similarit®d on Dice coefficient for the RAPD ranged fromidb84% and

for the SSR from 11 to 82%. The dendrogram obtalmedhe RAPD showed five groups, while dendrogram
obtained by the SSR showed three groups and olaeiddine. The association constructed from thekes and
the principal coordinate’s analysis separated life® two groups according to endosperm color, esithrange or
yellow. The RAPD were effective to validate pedigtata, while the SSR were effective to recoghizelifferences
between the quantitative characters. Because tBegss the distinct regions of the genome, thetgeleaf one or
other marker would depend on the characteristichefmaterial used and the objectives of the ptojec
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INTRODUCTION method (Dias et al., 2003 and Diniz et al., 2005),
and allows lines to be arranged into groups that,
The foundation of hybrid development in a maizevhen intercrossed, provide the most promising
breeding program basically consists in obtainingesults, reduce expenses and the time required to
lines and evaluating the combination abilityperform the hybrid combinations, which would
between them. Choosing suitable lines is essentitien be unnecessary (Cruz and Vencovsky, 1989
for the success of a maize breeding program. land Verbitskaya et al., 1999).
addition, breeding programs demand considerabifferent methodologies have been used to
time and resources, and the pressure for quigkharacterize genetic diversity in the maize
development of commercial hybrids encouragegermplasm, which morphological characters
the search for alternatives that could be efficient ifGoodman and Bird, 1977), pedigree analysis
the short term. (Duvick, 1984), heterosis data (Smith and Smith,
Genetic diversity evaluation is frequently used by1989), and the detection of variation at the DNA
the breeders as an alternative germplasm selectitgvel using markers. The genetic diversity

“ Author for correspondence

Braz. arch. biol. technol. v.51 n.1: pp.183-192.0&eb. 2008



184 Souza, S. G. H. et al.

evaluation by the means of the molecular markers introduced by Cimmyt - Center for the
presents some advantages over other methods Improvement of Maize and Wheat (Mexico);
because, in addition to identifying the highb) Group B: L72 - line obtained by self-
polymorphism, they do not present interactions fertilization from a IAPAR’s experimental
with the environment, and can be evaluated at any triple hybrid;

stage of development (Williams et ,all990). c¢) Group C: L89, L90, L91, L92, L93, and L94 -
PCR-based techniques such as RAPD (Random all lines were obtained by self-fertilization
Amplified Polymorphic DNA) and microsatellites from a IAPAR’s experimental single hybrid;
have been widely used in the corn genetic studied) Group D: L95, L96, L97, L98, L99, L100, and

(Heun and Helentjaris, 1993; Gupta et 4094; L101 - all lines were obtained by self-
Taramino and Tingey, 1996; Senior et, d998 fertilization from a IAPAR’s experimental
and Pinto et al2003). single hybrid;

The RAPD consists in the random amplificatioe)of Group E: L102 - line obtained by self-
the DNA fragments with a single primer with anfertilization within the Amarillo Cristalino variety
arbitrary sequence, resulting in the final synthesifom Cimmyt
of several DNA fragments, with different sizes.The seeds were placed to germinate in the
From this set of fragments, it is possible tomoistened paper towel. After 7 days, the young
determine the polymorphism in the DNA leaf was collected, the leaf tissue was macerated in
sequence, which can be used as a genetic markiguid nitrogen, and the genomic DNA was
(Williams et al, 1990). In the maize, this extracted through the extraction protocol described
technique has been widely used in diversity studidsy Ferreira and Grattapaglia (1998). After the
because, in addition to its low cost, it allowsextraction, quantification was performed in a
polymorphism to be detected in a simple and fadbyna-Quant (Hoefer-Pharmacia) fluorometer and
manner (Han et al.,, 1995; Liu et ,all998; samples were diluted to a final concentration of 10
Libberstedt et al., 2000 and Wu, 2000). ng/ul.
The microsatellite markers have also proved verfhe RAPD reactions were carried out in a final
useful in the breeding programs. Microsatellites ofolume of 1%, containing 1x PCR buffer (75
SSR (Simple Sequence Repeats) correspond to theM Tris-HCI pH 9.0, 50 mM KCI, 20 mM MgGl
sequences from 2 to 6 base pairs repeated #hd 20 mM (NH),SO;), 0.1 mM of each dNTP,
tandem, and are broadly used because they hav®g& mM of primer, 0.7 unit ofTag DNA
codominant character and are multiallelic, havingyolymerase (Biotools), and 20 ng DNA, and
a high polymorphism information content. Thesedouble-distilled water to complete the volume.
markers provide useful information to the breedergach line was represented by a bulk consisting of
in the breeding programs, generating informatioran equitable mixture of DNA from 3 individuals.
for the genotype clustering and for the planning ofrhe amplifications were performed in a model PT-
crosses (Chin et al.1996; Smith et al.1997; 100 (MJ Research) thermocycler, programmed to
Senior et al. 1998; Lu and Bernardo, 2001, andan initial stage of 3 minutes at 94°C, 47 1 minute
Enoki et al, 2002). cycles at 94°C (denaturation), 1.45 minutes at 38°C
Thus, the objective of this work was to eStima'[Qannealing), 2 minutes at 72°C (polymerization),
the genetic diversity among the 16 maize lines angnd a final extension stage for 6 minutes at 72°C.
compare the genetic relatedness values obtainggventy-two pre-selected decanucleotide primers
from RAPD and microsatellite analyses. acquired from “Operon Technologies”
California, USA, were used. After amplification,
the total volume was inserted into agarose gel
MATERIAL AND METHODS (1.2%) stained with ethidium bromide (Qug/ml).
The amplified fragments were separated by
In this work, 16 maize lines from the breedingelectrophoresis in TAE buffer (0.04M Tris-acetate
program developed at the Instituto Agrondmico daand 0.01M EDTA pH 7.5) at 100 volts for 3 hours,
Parana-IAPAR were used, which belong to fiveand visualized under UV light. Gel images were
heterotic groups (Hallauer et al., 1988), as can heaptured using a photographic documentation
seen in Table 1: system for later analysis.
a) Group A: L69 - line obtained by self-
fertilization from the IPTT36 population
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The microsatellite reactions were carried out in @ycle consisting of 95°C (denaturation) for 1

final volume of 1%, containing 1x PCR buffer minute, 65°C (annealing) for 1, minute, and 72°C
(75 mM Tris-HCI pH 9.0, 50 mM KCI, 20 mM (polymerization) for 1.30 minute. A 1°C decrease

MgCl,, and 20 mM (NH),SQ), 20 mM in annealing temperature occurred at every new
(NH,),SQy), 0.2 mM of each dNTP (dCTP, dGTP, cycle. When the annealing temperature reached
dTTP, dATP), 0.5 mM of each primer (direct and55°C, there were another 30 cycles at a
reverse), 0.7 unit ofTag DNA polymerase temperature of 94°C for 1 minute, 55°C for 1

(Biotools), 20 ng DNA, and double-distilled water minute, and 72°C for 1.30 minutes, followed by a

to complete the volume. The amplifications werdinal extension cycle of 7 minutes at a temperature
performed in a model PT-100 (MJ Researchpf 72°C.

thermocycler, programmed for 40 cycles, with one

Table 1 -Characterization of lines employed with regardrain type, endosperm color, cycle, and heterotic
groups.

Number Line Grain Type Endosperm color Cyclé Heterotic
Group?
1 L 69 semi-flint orange early A
2 L72 semi-flint yellow early B
3 L 89 flint orange early C
4 L 90 semi-flint orange super early C
5 L91 semi-flint yellow super early C
6 L 92 semi-dent yellow/orange super early C
7 L 93 flint orange super early C
8 L94 flint orange super early C
9 L 95 semi-dent yellow super early D
10 L 96 dent yellow super early D
11 L 97 semi-flint yellow super early D
12 L 98 dent yellow super early D
13 L 99 dent yellow super early D
14 L 100 semi-flint yellow/orange super early D
15 L 101 dent yellow super early D
16 L 102 flint yellow/orange early E

! temperature requirements for cultivars: 780-830 growing defgrgs(GDD) — super early; 831-890 GDD - early.
% heterotic groups established with reference to source of theiahated clustered according to IAPAR.

The sequences for the 16 pairs of primers (direavas used to evaluate the genetic associations
and reverse) were obtained from the Maizédetween the samples. Pairwise comparisons were
Genome Database published by Missourmade between the genotypes based on Dice (1945)
University (http://www.agron.missouri.edu The similarity coefficient. The genetic similarity
amplification products were separated byestimate (GS) between each pair of the genotypes
electrophoresis in 3% agarose gel (50% Gibcowas calculated using the expression
BRL agarose: 50% FMC MetaPhor agarosepG;=2a/(2a+b+c), where a=number of positive
stained with ethidium bromide (0/8g/ml). The coincidences for each pait=number of 1-0
amplified fragments were separated in TAE buffediscordances for each pair of genotypes, and
at 100 volts for 4 h, and visualized under UV light.c=number of 0-1 discordances for each pair of the
Gel images were captured using a photographigenotypes. The simplified representation of the
documentation system for later analysis. distances was done using a dendrogram obtained
During the gel evaluation, a similarity matrix wasby the agglomerative hierarchical unweighted pair-
constructed where each band was treated asgsoup method wusing arithmetic averages
single character and its presence in an individugJPGMA) and by the scattering of corn lines in a
was designated by 1 (one) and its absence bykidimensional graph using the first two principal
(zero). The NTSYS-pc software programcoordinates. The variance coefficient was obtained
(Numerical Taxonomy and Multivariate Analysis from 1000 bootstrap random draws using the
for Personal Computers), version 2.1 (Rohlf, 2000pPBOOT program (Coelho, 2001). The correlation
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between the results obtained by the differentonstructed using the UPGMA cluster, in order to
markers used was tested using Manteillustrate the association between the lines used in
correspondence test (Mantel, 1967). This tedghis study. The dendrogram constructed from
compared the elements of both matrices anBAPD data (Figl) showed that the 16 lines were
estimated the correlation measure that existeseparated into five distinct groups, which were in
between them. agreement with the heterotic groups described by

IAPAR, based on the genealogy of these lines

(Table 1). For example, lines 1 and 2 were isolated
RESULTS from the others, and represented heterotic groups

A and B, respectively. Lines 3, 4, 5, 6, 7, and 8
Twenty-two previously selected RAPD primerswere in a different group, all representing heterotic
were used, and only those showing high ability t@roup C. Lines 9, 10, 11, 12, 13, 14, and 15 were
produce polymorphic bands were selected for thelustered in another groumnd all represented
work. These primers produced a total of 265roup D, while a single line was isolated from the
amplified fragments — bands, with an average ofthers and represented heterotic group E. The
12.05 bands per primer. Of these, 237 werdendrogram resulting from microsatellite data
polymorphic (89.4%) and 28 were monomorphidFig. 2), however, appeared another group, that
(10.6%). The number of polymorphic bands variedhe lines were separated into three main groups,
from 3 to 18 for the OPAR-11 and OPAR-05while a single line was isolated from the others.
primers, respectively. The bootstrap procedurekines 3, 6, 7, 8, and 4 appeared in the first group;
showed that bands used was large enough for tHises 9, 10, 14, 15, 13, 12, and 16 in the second
type of study (CVs=5.9%) group, and lines 1, 5, and 11 appeared in the third
A total of 75 alleles were amplified from the 16group. Lines showed a tendency to cluster
pairs of microsatellite primers used, with aaccording to the endosperm color, with the
variation from 2 to 8 alleles-bands, and a meafpormation of a group with the endosperm
amplification of 4.7 alleles per locus. Thepredominantly orange in color, and with yellow
bootstrap analyses demonstrated that the numbenpdosperm; the third group could have been
of loci used in this study was sufficient to accesglustered according to grain type, where all were
the diversity reliably among the 16 lines.semi-flint. The line appearing isolated from the
According to Tivang et al. (1994), 20 others was isolated because it had a trait in
microsatellite loci were enough to analyze thecommon with all the other groups, but with the
genotypes with accuracy. other traits divergent. However, some clusters
Two independent genetic similarity matrices werecontaining lines that belonged to the same
constructed from the RAPD and microsatelliteheterotic group could have been recognized. The
data using Dice coefficient (Table 2). The RAPDcophenetic correlations obtained from each marker
data similarites ranged from 53% bands inwere high, with r = 0.92 and 0.81 for the RAPD
common between the lines 11 and 16 and 84%nd microsatellite data, respectively. The
bands in common between the lines 13 and 140phenetic analysis values found in this work
The similarity coefficient from the microsatellite support the positives results (Pejic et al., 1998).
markers showed a variation from 11% betweer he cluster based on the combination of data from
lines 2 and 10, 6 and 10, and 4 and 16, witlpoth the markers is shown in Fig. 3. The cluster
maximum similarity observed between lines 7 andased on the UPGMA method separated the 16
8, with a coefficient of 82%, where these linedines into two principal groups. Endosperm color
showed the same morphological characteristicsvas considered a strong indicator of genetic
These markers, therefore, detected a good level differentiation between these two groups. Seven
the diversity between the lines. The similaritylines were separated in the first cluster; of these,
values from the microsatellite data, in generafive showed the orange grain. All the lines
showed similarity values below the values of théelonging to the heterotic group C were included
RAPD-based analyses. The correlation betweein this cluster. In the second cluster, of the eight
both the matrices using Mantel test (Mantel, 1967)nes that belonged to this group, seven showed a
was 0.54, which was considered a moderate valug/ellow endosperm. In this association, all the lines
Dendrograms based on the similarity valuedelonging to the heterotic group D were gathered
produced from the RAPD and microsatellites weren this cluster.
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The association between the lines was alsmespectively. This procedure was effective to
examined using the principal coordinates analysiseparate the lines into two main groups formed by
in combination with the RAPD and microsatellitethe lines that showed orange, or yellow
data, and the genetic distances were projected orgadosperm. Therefore, the results observed in the
a bidimensional plane (Fig. 4). In this analysis, therincipal coordinates analysis reinforce, the results
primary and secondary principal coordinatesobserved in the dendrogram.

explained only total variations of 20.7 and 10.2%,

Table 2 - Similarity coefficient values among 16 corn lirestained by Dice coefficient calculated from RAP@Ia
microsatellite data (above the diagonal line: nsatellites; below the diagonal line: RAPD):

line 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
1 - 017 0.18 0.16 0.41 0.35 0.23 0.29 0.22 0.28 0.35 0.29 0.27 0.42 0.57 0.24
2 065 - 0.18 0.27 0.28 0.17 0.57 0.17 0.16 0.11 0.23 0.17 0.16 0.12 0.22 0.23
3 0.67 0.64 - 057 0.12 0.61 0.42 048 0.12 0.59 0.61 0.18 0.17 0.19 0.58 0.62
4 0.62 0.63 083 - 0.16 0.38 0.44 0.50 0.37 0.27 0.55 0.17 0.26 0.17 0.16 0.11
5 0.64 0.60 0.73 0.81 - 0.47 0.47 041 0.34 0.23 0.35 0.17 0.22 0.12 0.40 0.36
6 0.67 0.68 0.73 0.70 0.72 - 0.59 0.58 0.28 0.11 0.12 0.12 0.27 0.30 0.28 0.18
7 0.65 0.64 0.74 0.78 0.77 0.73 - 0.82 0.34 0.28 0.17 0.35 0.21 0.24 0.28 0.30
8 0.63 0.62 0.66 0.68 0.64 0.64 0.72 - 0.28 0.17 0.12 0.23 0.16 0.24 0.23 0.18
9 0.60 0.65 0.64 0.64 0.62 0.67 0.63 0.62 - 0.61 0.46 0.28 0.31 0.47 0.50 0.35
10 0.59 0.65 0.62 0.62 0.60 0.65 0.64 0.62 0.75 - 0.46 0.40 0.37 0.53 0.55 041
11 0.55 0.58 0.58 0.57 0.55 0.63 0.60 0.62 0.75 0.70 - 0.23 0.22 0.24 0.40 0.18
12 0.59 0.66 0.65 0.60 0.60 0.66 0.64 0.60 0.76 0.77 0.71 - 0.43 0.48 0.40 0.48
13 0.62 0.64 0.64 0.62 0.59 0.63 0.66 0.66 0.80 0.78 0.71 0.81 - 0.44 0.53 0.22
14 0.61 0.69 0.65 0.61 0.62 0.66 0.66 0.63 0.76 0.76 0.69 0.80 0.84 - 0.65 0.37
15 0.60 0.63 0.61 0.59 0.57 0.61 0.64 0.60 0.71 0.79 0.67 0.72 0.82 0.79 - 041
16 0.57 0.56 0.61 0.58 0.55 0.55 0.59 0.57 0.54 0.61 0.53 0.61 0.63 0.60 0.65 -
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Figure 1 - Clustering (UPGMA) of 16 maize inbred lines basadRAPD data.
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Figure 2 - Clustering (UPGMA) of 16 maize inbred lines basadSSR data.

DISCUSSION these markers detected a good genetic diversity
level between the lines used in this study. In
The level of polymorphism (89.4%) found in thisgeneral, the microsatellite data results show less
work was a little above that found by Lanza et al.similarity than those obtained from the RAPD
(1997), who studied the genetic distance betweemarkers (Sun et al., 2001). When the similarity
the tropical maize inbred lines using the RAPDmatrices were compared, it was observed that the
markers from the 32 primers, and obtained 80.6%mplitude variation for similarity values was
polymorphism. All the 75 alleles produced fromhigher in the matrix obtained from the
the microsatellites were polymorphic, in microsatellites, when contrasted with the matrix
agreement with Sun et al., (2001), who als®btained from the RAPD markers. These results
obtained 100% polymorphism. One aspect to beorroborate the theory presented by Laborda et al.,
considered was that, in this study, taking intg2005), which state that the microsatellites had a
account the number and quality of thebetter ability to explore diversity, showing higher
amplification products, the primers used wergolymorphism and consequently higher variability.
rigorously pre-selected, which might haveThe correlation between the genetic distances
contributed to increase the level of polymorphismcalculated from the data of the RAPD and
The most important fact that should be taken intenicrosatellite markers was tested using Mantel
consideration is that the variations found in thdest, resulting in a moderate correlation of 0.54.
level of polymorphism could be the result of theThe value found in this work was a little above
distinct regions in the corn genome that weréham the values previously obtained by other
assessed by the selected markers and/or @8fithors dealing with corn. Sun et a{2001)
genotypes differences between the material useayaluated commercial hybrids in Canada and
(Sun et al.2001). found a correlation of 0.43 using the RAPD and
The genetic similarity calculated among all themicrosatellites. Laborda et al., (2005) worked with
possible pairs for the 16 corn lines ranged from 581¢ AFLP and SSR markers in the tropical corn
to 84% when obtained from the RAPD data, whildines and obtained correlations of 0.43 and 0.48
those obtained from the microsatellite data rangedsing Jaccard's and Rogers’ coefficients,
from 11 to 82% similarity. This demonstrate thatrespectively. Some factors might have contributed
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towards the limited correlation between the resultmicrosatellites have a co-dominant character. It
obtained by the RAPD and microsatellites, whictcould also be attributed to differences in the
could be attributed to the difference between theffectiveness and/or number of primers used (Liu
polymorphisms revealed by both markers usedand Furnier, 1993, Pejic et al., 1998, and Sun et
RAPD has a dominant character, whileal., 2001).
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Figure 3 - Clustering (UPGMA) of 16 maize inbred lines basadRAPD and microsatellite data.

The associations shown by the dendrogramsot be employed to assess the genetic similarity
constructed from each marker showed sombetween the cultivars because, according to
discrepancies. The RAPD-based markers were Migouroux et al., (2002, 2005), the microsatellites
agreement with the information obtained from theshowed a high mutation velocity, which made the
pedigrees, while the same was not observed in thmimber of repetitions in their sequences varying.
dendrogram constructed from the microsatellited.aborda et al., (2005) pointed out that the
The results found in this work was different frommultiallelism revealed by the microsatellites gave
those by Pejic et al., (1998), who compared théhese markers the potential for revealing the
genetic similarity between the corn lines fromgenetic diversity in a broad manner, because they
RFLPs, RAPDs, SSRs, and AFLPs, observed thatot only showed the presence or the absence of a
except for the RAPD, all the other markers were ircertain allelic variable, but also the different allelic
agreement with the pedigree information. Lanza dorms that a given locus might contain. Because
al., (1997) described that the RAPD markers werthey display the genetic diversity in an intense
useful to establish the consistent heterotic group®manner, the microsatellites favored the genetic
between the corn lines. This corroborate the resultifferences between two the genotypes under the
obtained in this work, where these markers werstudy, but not their similarities as observed with
effective in establishing the heterotic groups whictihe RAPD.

were in agreement with the pedigree. Russel et allhe RAPD and microsatellite data were combined
(1997) also suggested that despite the highnd used to construct a dendrogram and to run the
polymorphism revealed by the SSRs, these coulgrincipal coordinates analysis. The characteristic
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between the dendrogram and the principahnalyses showed a tendency for the lines to cluster
coordinate’s analysis resulting from thetogether according to the endosperm color; one
combination between the data showed that thgroup consisted predominantly of lines with
clusters were closer when the lines belonging tgellow endosperms while the other showed orange
the same heterotic group were compared. Thesmdosperms.

6o

037= !

Dam-2 0134

035 . DIIJS I 03as I 045
Dim-1
Figure 4 - Principal coordinate analysis obtained by RAPD amdrosatellite markers, where
lines showed a tendency to separate into two gragperding to endosperm color.
Primary and secondary coordinates explained 20.668% 10.23% of genetic
variation, respectively.

This type of material coud be used as the potentiaharkers could be used to identify the important

sources of new alleles to broaden and diversify thgeuantitative agronomic traits such as endosperm
genetic base of the breeding programs. Carvalho eblor, and could be effectively used in the

al.,, (2002, 2004) used the ISSR markers angelection of segregating populations in the

observed that the landrace corn varieties alsbreeding programs. The selection of one or other
clustered according to the endosperm colomarker in genetic diversity studies depends on the
allowing them to be separated into two maincharacteristics of the material to be used and on
groups, one consisting of varieties with the yellowthe objectives of the project. The use of the RAPD
endosperm and the other with the whiteseem more appropriate when the objective was to
endosperm. Similar results were obtained with theluster genotypes, because it showed similarities
RAPD markers in the analyses. The authorbetween the individuals; however, microsatellites

pointed out that the endosperm color was aogould be more appropriate for the identification of

important agronomic trait and also that both théhe genotypes, since they exhibited the genetic
ISSR and RAPD could be effective to assess thdifferences of each individual more extensively.

genetic variability in this type of germplasm. These markers are important tools, since they
In conclusion, the results presented in this worlassess different DNA sequences in the genome of
demonstrated that the RAPD markers provid@rganisms, and can potentialize the results during
consistent information for the pedigree datahe selection process in the breeding programs.
identification and validation. The most importantThe success lies in knowing how to explore the

aspect in this study was the demonstration, bgualities of each marker and the most appropriate
means of the corn lines employed, that theseay of using them.
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