Selection processes in a citrus hybrid population
using RAPD markers®

Roberto Pedroso de Oliveira®, Carlos Ivan Aguilar-Vildoso® and Marcos Anténio Machado®

Abstract — The objective of this work was to evaluate the processes of selection in a citrus hybrid
population using segregation analysis of RAPD markers. The segregation of 123 RAPD markers
between ‘ Cravo’ mandarin (Citrusreticulata Blanco) and ‘ Péra’ sweet orange (C. sinensis (L.) Osbeck)
wasanalysedinaF; progeny of 94 hybrids. Genetic composition, diversity, heterozygosity, differences
in chromosomal structure and the presence of deleterious recessive genes are discussed based on the
segregationratiosobtained. A high percentage of markershad askeweness of the 1:1 expected segregation
ratio in the F, population. Many markers showed a 3:1 segregation ratio in both varieties and 1:3 in
‘Péra sweet orange, probably due to directional selection processes. The distribution analysis of the
frequencies of the segregant markers in a hybrid population is a simple method which allows a better
understanding of the genetics of citrus group.

Index terms: Citrusreticulata, Citrus sinensis, segregation, genetic markers.

Processos de selegdo em uma populagéo de hibridos de citr os usando mar cadores RAPD

Resumo — O objetivo deste trabalho foi avaliar processos de selecdo em uma populagdo hibrida de
citros, por meio de andlise dasegregacdo demarcadores RAPD. A segregacdo de 123 marcadores RAPD
entretangerina‘ Cravo’ (Citrusreticulata Blanco) elaranja‘ Péra (C. sinensis (L.) Osbeck) foi analisada
em uma progénie F, composta por 94 hibridos. Composi¢ao genética, diversidade, heterozigosidade,
diferencas estruturais dos cromossomos e presenca de genes del etérios recessivos nos parentais foram
discutidas com base nos tipos de segregacdo obtidos. Uma porcentagem elevada de marcadores com
segregacao distorcidaem relacdo aproporgéo 1:1 esperadafoi obtidanapopulagdo F,. Muitosmarcadores
apresentaram segregacdo 3:1 em ambas as variedades e 1:3 em laranja ' Péra’ provavelmente decorrente
deum processo de selegdo direcional. A andlise dedistribuicdo dafreqiiénciados marcadores segregantes
na populagéo hibrida € um método simples que possibilita uma melhor compreensdo da genética do
grupo citros.

Termos paraindexagdo: Citrusreticulata, Citrus sinensis, segregacao, marcador genético.

Introduction

The genusCitruspresentsmainly diploid species
with achromosomehapl oid number of n=9 (Cameron
& Frost, 1968), which easily crossamong themselves
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producing fertile hybrids (Barrett, 1985). Besidesthe
natural crossing, spontaneous mutations, apomixis
and selection are involved in the determination of
the genus variability, thus making the Citrus
classification very complex (Herrero et al., 1996). Its
complexity is also due to other factors such as
incompatibility, high heterozygosis, sterility,
depression by endogamy, and polyploidy (Gmitter
Junior et a., 1996).

Sincethelast decade, different types of molecular
markershave been usedin genetic analysesof citrus
with the purpose of selecting hybrids and nucellar
plants (Oliveira et a., 2000), evaluating the cultivar
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genotypes (Deng et al., 1995), characterizing
germplasm (Machado et al., 1996), studying
phylogeny (Federici et al., 1998), constructing
geneticmaps (Cai et al., 1994), and mapping genes of
economic interest (Gmitter Junior et al., 1996;
Cristofani, 1997).

Among themolecular markers, the RAPD (Random
Amplified Polymorphic DNA) technique is widely
used because it isinexpensive and fast, represents
the whole genome, requires alow concentration of
genomic DNA and produces highly polymorphic
markers (Ferreira& Grattapaglia, 1998).

The loci analyses of molecular markers with
expected or skewed Mendelian segregation for a
hybrid population is an important tool for genetic
studies. Several typesof directional selectioninthe
prezygotic or postzygotic stages can be detected
through the segregation analyses, thusinferring the
genetic causes of these processes. Studies carried
out by Gmitter Junior et a. (1994) and Luroet a. (1996)
showed that structural alterationsin the genome of
the parental species occurred during the speciation
with a consequential failure in the pairing and,
especially, the existence of recessive deleterious
genesin the Citrusdue to its highly heterozygous
make-up have been the causes of the processes of
selection.

The objective of thiswork wasto study the pro-
cesses of selection that occurred in a citrus hybrid
population using segregation analysis of RAPD
markers.

Material and M ethods

Plant material

Through morphologic and RAPD markers, it was
possible to select 94 zygotic seedlings obtained from the
crossing between ‘Cravo’ mandarin (Citrus reticulata
Blanco), female parental, and ‘Péra’ sweet orange
(C. sinensis (L.) Osbeck). The evaluated plants were
transferred, under greenhouse condition, to
5-L-polyethylene bags containing a perlite-based
commercial substrate.

RAPD markers

Leaf samples from 94 hybrids and from both parents
were utilized for DNA extraction according to Cristofani
(1997). The quantification of DNA was done in 0.8%
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agarose gel stained with ethidium bromide (0.5 ng mL-1),
and compared to the | -DNA standard bands.

Amplification of the samples was conducted in volu-
mes of 13 pL with 1.3 puL of 10X buffer (200 mM Tris-
HCI pH 8.4; 500 mM KCl); 1.54 mM of MgCl,; 0.2 mM
of each dNTP (dATP, dCTP, dTTP, and dGTP); 15 ng of
each primer; 1.5 unitsof DNA Taq Polymerase; and 15 ng
of genomic DNA. Theamplificationswere performedina
thermocycler programmed for 36 cycles of 1 min at 92°C,
1 min at 36°C, 2 min at 72°C and with afinal extension at
72°Cfor 10 min. Ninety seven arbitrary sequences decamer
primers were utilized from the Operon Technologies Inc.
kitsA, AB,AT,AV,B,C,D,E,G,H,I,M,N,P,Q,R, U
and Y. These primers were sel ected based on the presence
of at least one polymorphic band in the parents, which
segregated in the progeny.

Following PCR (Polymerize Chain Reaction), aliquots
of 2 uL of amplification products were analyzed by
electrophoresisin 1.4% agarose gels containing 5 ng mL2
of ethidium bromide. The electrophoresis was conducted
at 94 V for approximately 3 hoursin 1X TAE (0.04 M
Tris-acetate + 1 mM EDTA). One kb DNA Ladder
molecular weight standards were used.

Polymorphic bands were evaluated according to their
presence or absence in the individuals from the progeny
and in the parents. Only those bands that were intense,
well defined and reproducible were selected.

Segregation analysis

The expected null hypothesis of Mendelian segregation
1:1 and the types 3:1 and 1:3 were tested for each RAPD
marker using the ¢ analysis(r <0.05, r <0.01 andr <0.001,
DF = 1) based on the segregation in the progeny.

The markers from ‘ Péra sweet orange and from ‘Cra-
vo' mandarin were distributed into classes based on the
percentage of individual progeny with the RAPD band.
Therefore, for each variety, data were arranged in ten
intervals of classes, where each had at least one marker.
The hypothesis of anormal distribution for the number of
markers of the classeswas eval uated through thec? analysis
(r <0.05, r<0.01 and r <0.001, DF = 10), after
standardizing the data using the formula z = (x -nj/s, in
which z was the datum of the normal standardized
distribution; x was the mean value of each class; mwasthe
overal mean, and s was the data standard deviation. The
frequency of the classes obtained was correlated to the
types of segregation 1:1, 1:3 and 3:1.

Results and Discussion

A total of 123 RAPD markers for ‘Péra’ sweet
orange and 53 for ‘ Cravo’ mandarin were obtai ned.
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They wereheterozygousfor one parent and recessive
homozygous for the other parent.

Segregation rates with significant deviation at
several levelsfor different specieswere documented
when compared to the expected Mendelian
segregation. This study revealed that 61% and 48%
of the markers had skewed segregation in the ‘ Péra
sweet orange, and 26.4% and 15.1% in the ‘ Cravo’
mandarin at r <0.05 and r <0.01, respectively, when
compared to the expected 1:1 segregation (Table 1).
Deviationswere found in the genusCitrusinseveral
crossings independent of the species and the type
of markersutilized (Durhamet d., 1992; Cai et a., 1994;
Luro et d., 1996; Cristofani, 1997; Fang & Roose,
1999). However, sincethereisahigh genetic similarity
between ‘ Péra’ sweet orange and ‘ Cravo’ mandarin
(Oliveiraet al., 2002), it should show ahigh homology
of structures and functions between the parents
(Jarrell et al., 1992), and alower percentage of markers
with skewed segregation.

According to Grattapaglia& Sederoff (1994), and
considering a total of 123 markers of ‘Péra’ swest
orangeand 53 of ‘ Cravo’ mandarin, only six and three
markers with skewed segregation were expected,
respectively, when considering deviations atr <0.05
comparing to an expected 1:1 Mendelian segregation.

The number of markerswith skewed segregation
obtained was greater than the expected. Moreover,
the distribution analyses of the frequency of the
number of RAPD markers found in the hybrid
population revealed that the data obtained did not
show a normal distribution. Then, a significant
difference was observed for the markersfor ‘ Cravo’
mandarin (c2=24.71,r <0.01), whileadifferencehighly
significant for the ‘Péra’ sweet orange
(c2=69.12,r <0.001). Both results suggest that there
are other types of segregation besidesthe 1:1.
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Eventhough therewas an effective concentration
of markersintheclasscorresponding to the presence
of RAPD markers in 50% of the hybrids,
concentration of markers in the classes
corresponding to the 3:1 and 1:3 segregations also
occurred (Figure 1). The ¢2 analyses of each RAPD
marker in the hybrid popul ation revealed that 22.8%
of the markersfrom ‘ Péra’ sweet orange showed 3:1
segregation and 15.4% showed 1:3, while 5.7% of
the markers from ‘Cravo’ mandarin had 3:1
segregation and 0% had 1:3 at the level of r <0.05
(Table 1).

Segregation types 3:1 and 1:3 of RAPD markers
are always expected when evaluating their
distribution in a hybrid population. The source of
these types of segregation can be related to the
limitation of the RAPD technique based upon the
amplification of the fragments of different loci when
they have very close or identical molecular weights
that are non-distinguishablein the gel, or still when
there are duplicate genes in the genome. However,
these facts do not explain the percentage values
obtained for thesetypes of segregation of themarkers
from both varieties, and do not explain why the
frequency of the markers with 3:1 segregation was
greater thanthat of 1.3, sincethechoiceof themarkers
was randomised.

Based on these results and on the segregation
levels it is possible to infer that the skewed
segregation of the markers showed biological
cause(s) related to the genetics of the species
studied. These results also revealed that some
type(s) of directional selection might have occurred
in the prezygotic or postzygotic development,
according to Pham & Bougerol (1993). Moreover, the
DNA markers could have influenced, positively or
negatively, the selection based on the linkage, even

Table 1. Percentage of RAPD markers from ‘Péra’ sweet orange (Citrus sinensis (L.) Osbeck) and ‘Cravo’ mandarin
(C. reticulata Blanco) in relationship to the segregation type in 94 F; hybrid progeny.

Type of o :Péra’ qeet orange (%) - Cravo' mandarin (%)
_segregation <005 <001 <0.001 I <0.05 <001 <0001
11 38.2 52.8 57.7 73.6 86.8 94.3
Skewed 61.0 48.0 42.3 26.4 151 5.7
31 228 30.9 35.8 57 94 15.1
13 154 16.3 244 0.0 38 7.5
31+1:3 38.2 47.2 60.2 5.7 132 22.6

(UData analyzed by c? test.
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though they were considered neutral (Cai et a., 1994).
Several hypotheses can be used to explain the
high levels of skewed segregation obtained in the
markers from both varieties. Structural ateration in
the genome of the parents that occurred during
speciation, such as duplications, deletions,
inversions and translocations, could cause
skeweness in the segregation of the markers. Even
though Gmitter Junior et al. (1994) documented only
a few translocations and inversions in citrus,
cytogeneticsanalyses of the pollen grain during the
pairing of meiosis of the varieties Péra and Cravo
must be conducted to allow more preciseinferences.
Inaddition, if structural differencesare not observed
between the parents, failure during the pairing of
interspecific hybrids can occur (Futuyma, 1992).
Most of the Citrus species are highly
heterozygous, and endogamy can occur during
crossing, thus causing the selection of large
fragments from a chromosome or even an entire
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Figure 1. Distribution of the frequencies of RAPD
markersfrom ‘ Péra sweet orange (C. sinensis (L.) Osbeck)
and ‘Cravo’ mandarin (C. reticulata Blanco) in a hybrid
population.

Pesq. agropec. bras., Brasilia, v. 38, n. 11, p. 1297-1302, nov. 2003

R. P. deOliveiraet d.

chromosome (Luro et al., 1996). Moreover, highly

heterozygous structure from the parents, especially

that of ‘Péra’ sweet orange (Oliveira et al., 2002),

shows levels close to that of hybrids obtained by

man (Federici et a., 1998). Thisfact associated with
the presumable presence of deleterious recessive
genesin the heterozygous stagein the parents, and
when homozygous in the hybrids, could cause a
skewed segregation during crossing (Luro et al.,

1996).

Although the percentage of RAPD markers with
skewed segregation in ‘Cravo’ mandarin showed
levelscloseto those mentioned to other species, the
ones from ‘Péra’ sweet orange were significant
greater, i. €., 2.3 and 2.6 folds greater than those
obtained from ‘Cravo’ mandarin at r <0.05 and
r <0.01, respectively.

Several hypotheses can explainwhy ‘ Péra’ sweet
orange shows greater percentage of markers with
skewed segregation inrelationto ‘ Cravo’ mandarin.
A high heterozygosity index of ‘ Péra’ sweet orange
was documented by Oliveira et a. (2002). Cai et al.
(1994) and Luro et a. (1996) also conducted this
correlationinother crossingsthat invol ved thegenus
Citrus, there are differences in the homology of the
chromosomesof ‘ Péra’ sweet orange, presupposing
that C. sinensisis a hybrid between C. maxima and
C. reticulata (Federici et al., 1998); the gametic
selection of pollen grain from ‘Péra’ sweet orange
was considered to be one of the possible causes of
the high levels of skewed segregation found in the
markers of the male parent (Luro et al., 1996).

Overall, thedistribution of the markersfrom* Cra-
vo' mandarin in the hybrid population showed
expected frequencies, which were mainly of markers
with 1:1 segregation, whilethe 3:1 and 1:3 segregation
typeswerefound in lower frequencies (Figure 1). In
this case, the skewed segregations can be explained
by the occurrence of one or more of the processes
previously mentioned. However, a process of
directional selection with agreater intensity occurred
withthemarkersfrom ‘ Péra sweet orange. Seventeen
(13.8%) of the markers were found in the class
corresponding to 82-88% of the hybrid population,
which must be areal event due to the preciseness
employed in the selection of the markers (Figure 1).
Of special interest, 14 (82.4%) of thesemarkersformed
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a unique linkage group in the map of ‘Péra’ sweet
orange, which consequently might belocated onthe
same chromosome. The entire distance between these
markersinthemap wasonly 54.8 cM, thusindicating
that they are probably tightly linked.

Conclusions

1. Thedistribution analysis of the frequencies of
the segregant markers in a hybrid population is a
simple method that allows abetter understanding of
the genetic of citrus.

2. Thedistribution analysis of the frequencies of
the segregant markersin ahybrid population allows
the understanding of the origin and nature of markers
with skewed segregation and processes of gametic
or zygotic selection resulting from crossings.
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