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SUMMARY

Somatic embryogenesis from nucellus-derived callus cultures of five cultivars, including three (Caipira, Seleta
Vermelha, and Valencia) of sweet oranges (C. sinensis L. Osbeck), Rangpur lime (C. limonia L. Osbeck), and Cleopatra
mandarin (C. reticulata Blanco) (lines I and II), were studied. Callus lines maintained on MT medium supplemented with
50 g 17" sucrose were transferred to MT medium supplemented with different carbohydrate sources: galactose, glucose,
lactose, maltose, or sucrose at 18, 37, 75, 110, or 150 mM, or glycerol at 6, 12, 24, 36, or 50 mM. Globular embryos were
observed after approximately 4 wk, in several treatments. Cultures of Valencia and Caipira sweet oranges and Cleopatra
mandarin (line I) showed high numbers of embryos on medium containing galactose, lactose, and maltose. Histological
studies showed somatic embryos in all developmental stages with a normal histodifferentiation pattern. The other two
cultivars (Rangpur lime and Cleopatra mandarin, line II) formed very few embryos, which did not develop further following
the globular stage. Some of the abnormalities observed were lack or dedifferentiation of protoderm and absence of apical
meristems and procambial strands. Embryos that followed the normal sequence of development were easily converted into
plants. Non-embryogenic cultures continued as proliferating callus cultures, eventually forming a few embryos which did
not convert into plants. Statistical analyses of the callus response to carbohydrate treatments was done using an

overdispersion Poisson model.
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INTRODUCTION

Tissue culture techniques were first used in citrus for the
development of somatic embryos from nucellar tissue for obtaining
virus-free plants (Ranga Swamy, 1961; Rangan et al., 1968, 1969).
The morphogenic characteristic of citrus cultures stimulated the use
of tissue culture techniques for breeding purposes by somatic
hybridization (Grosser and Gmitter, 1990; Jumin and Nito, 1996)
and genetic transformation by the introduction of exogenous genes
(Kobayashi and Uchimiya, 1989; Peiia et al., 1995a,b).

Callus cultures are commonly induced from citrus nucellar tissue
obtained from immature seeds (Gmitter and Moore, 1986; Kunitake
et al., 1991; Vu et al., 1993; Oliveira et al., 1994; Mendes-da-
Gléria et al., 1999). These calluses become independent of
exogenous plant growth regulators (Kochba et al., 1982; Spiegel-
Roy and Saad, 1986), being maintained on MT medium (Murashige
and Tucker, 1969). Callus subculture onto medium with high levels
of sucrose (Murashige and Tucker, 1969; Kochba and Button, 1974;
Hidaka and Omura, 1989), or a high concentration of benzylami-
nopurine (Kobayashi et al., 1988; Ling and Iwamasa, 1997)
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stimulates callus proliferation. After 6-10 subcultures such callus
cultures are usually considered habituated, continuing to proliferate
in the absence of growth regulators.

Citrus plant regeneration can be obtained from callus cultures by
somatic embryogenesis (Kochba et al., 1978b; Cabasson et al.,
1995; Ling and Iwamasa, 1997). Although somatic embryogenesis is
considered widespread in citrus polyembryonic varieties (Ranga
Swamy, 1958; Kochba and Spiegel-Roy, 1977; Kunitake and Mii,
1995), several factors influence this process.

In many species, somatic embryogenesis is induced by the
presence of auxins in the culture medium, and somatic embryos
develop after subculture to a medium containing reduced or no
auxin levels (Merkle et al., 1995). In citrus, however, the presence
of auxin or cytokinin suppresses somatic embryogenesis (Kochba
et al., 1978a; Kunitake and Mii, 1995). The autonomous growth of
callus indicates an auxin:cytokinin balance that favors habituation.
In citrus, somatic embryogenesis from callus has been obtained by
different treatments, including reduction of sucrose in the culture
medium (Kochba and Button, 1974); a change in the carbohydrate
source to galactose instead of sucrose (Kochba et al., 1978b, 1982;
Hidaka and Omura, 1989; Cabasson et al., 1995; Kunitake and Mii,
1995), or to carbohydrates that produce galactose in their
metabolism, such as lactose or raffinose (Kochba et al., 1978b;
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Ling and Iwamasa, 1997); or by using auxin (Kochba et al., 1978a)
or gibberellic acid synthesis inhibitors (Spiegel-Roy and Saad,
1986).

Somatic embryogenesis in citrus is one of the techniques that
makes genetic advances possible for this genus, enabling the
recovery of plants from genetically transformed callus, protoplast-
derived cultures and somatic hybridization experiments (Gmitter
et al., 1992). Efficiency of plant recovery is thus very important and
should be well defined for different cultivars, since it has been
shown to be cultivar-dependent.

The objective of the present report is to evaluate the effect of six
carbohydrate sources and levels in the culture medium on the
stimulation of somatic embryos from callus cultures of five citrus
cultivars, including sweet oranges, mandarins and one lime cultivar.
Histological evaluation of embryo developmental stages was
performed for the determination of embryo quality.

MATERIALS AND METHODS

Plant material. Callus cultures of three sweet orange varieties (Citrus
sinensts L. Osbeck, cvs. Caipira, Seleta Vermelha and Valencia), two
mandarin lines (C. reticulata Blanco, cv. Cleopatra, line I and Cleopatra,
line II) and one lime variety (C. limonia L. Osbeck, cv. Rangpur lime) were
used for the experiments. These cultures were initially obtained from
nucellar tissue (Oliveira et al., 1994) and maintained for approximately 4 yr
(Cleopatra lines I and 1I, Seleta Vermelha, Valencia and Rangpur lime) or
1 yr (Caipira) on MT medium (Murashige and Tucker, 1969) supplemented
with 500 mg 17" malt extract and 50 g 17! sucrose (callus proliferation
medium), in the dark, at 27 = 1°C, with monthly subcultures.

Somatic embryogenesis. Approximately 50 mg of callus of all the callus
lines, except Seleta Vermelha sweet orange, were transferred to Petri dishes
(100 X 15mm) containing MT medium supplemented with one of the
following carbohydrates: galactose, glucose, lactose, maltose, or sucrose, at
18, 37, 75, 110, or 150 mM, or glycerol at 6, 12, 24, 36, or 50 mM. Cultures
were maintained at 27 = 1°C; 16-h photoperiod and a light intensity of
4 wmol m™2 s™! for 4 wk.

Experimental design. The experiment followed a completely randomized
design, with three replications per treatment. Each plot consisted, initially,
of 50 mg of callus in one Petri dish with 20 ml of culture medium. The
evaluation was done by counting the globular-stage somatic embryos formed
in each plot, with the aid of a stereo microscope.

Statistical analyses. Data from responsive treatments (callus line X sugar)
were analyzed using Poisson distribution and also by modeling over-
dispersion, in order to define the best model for the analysis of count data
(Hinde and Demétrio, 1998a, b).

Histological analyses. Somatic embryos in different stages of develop-
ment were fixed in paraformaldehyde (3%) and glutaraldehyde (2%) in
cacodylate buffer (0.2 M, pH 7.2) under refrigeration for 5 d. Dehydration
was done at room temperature in a series of 100% methyl celosolve
(ethylene glycol monomethyl ether), ethanol, propanol, and butanol, followed
by infiltration with Historesin at 4°C overnight (Rodriguez and Wetzstein,
1998). Polymerization was done at room temperature, with Historesin (Leica,
Heidelberg). Serial sections (5 pm) were prepared in a rotary microtome
with a tungsten-carbide knife, the sections floated in water drops and dried
on a hot plate (40°C). Sections were stained with acid fuchsin (1%), rinsed in
distilled water and counter stained with toluidine blue (0.5%) (Feder and
O’Brien, 1968).

Resurtrs

Somatic embryogenesis. Cultures of Seleta Vermelha sweet
orange obtained from nucellus were different from all the others, in
that very small amounts of callus were obtained, followed by the
development of numerous somatic embryos. Subcultures of callus
into proliferation medium did not stimulate callus proliferation,

showing instead continuous and repetitive somatic embryo forma-
tion associated with very small amounts of callus. Consequently, it
was not possible nor necessary to use these cultures in the
carbohydrate experiments, since embryo development occurred
prior to any stimulation treatment.

After 4 wk in culture with different carbohydrate sources and
concentrations, calluses from the other four cultivars showed
differences in overall response, confirming the cultivar influence in
callus growth and embryo development. The callus lines could be
divided in two groups, according to their response to the
carbohydrate treatments (Table 1). Valencia and Caipira sweet
oranges and Cleopatra mandarin, line I, were considered highly
embryogenic when cultured in medium with galactose, lactose, or
maltose. Cultures maintained in some combinations of source and
concentration of carbohydrate produced from more than 100 to more
than 400 embryos per plate. On the other hand, Cleopatra
mandarin, line II, and Rangpur lime were considered as poor
embryogenic cultures, with very few embryos obtained in some
treatments only. The number of embryos obtained varied not only
with cultivar, but also with type and concentration of carbohydrate
in the culture medium. The use of glucose, glycerol and sucrose was
not effective, with very few or no embryos formed independent of
callus line and concentration (Table 1).

Somatic embryo development was non-synchronized, with
embryos in different developmental stages in the same culture.
Embryo conversion was obtained in medium containing gibberellic
acid.

Statistical analyses. Count data in general are analyzed using
Poisson distribution. If we suppose that the number of embryos are
random variables, Y;, i = 1,2, ... n, with means ;, the standard
Poisson model assumes that Y; ~ P(u;) with variance function
Var(Y;) = p; and log(p,;) = ‘B, where x; is a line of the design
matrix (treatment effects and covariates) and B is the parameter
vector. For a well-fitting model we would expect that residual
deviance (a measurement of fitness of the model) would be
approximately equal to the residual degrees of freedom. When this
does not happen one explanation is that the variation may simply be
greater than that predicted by the model and this phenomenon is
described as overdispersion (Hinde and Demétrio, 1998a, b). One
way of modeling overdispersion is to replace the variance function
of the original model by the more general form Var(Y;) = dp; and
use a quasi-likelihood method for estimating B and the additional
parameter ¢ (called heterogeneity factor). Another approach would
be to assume a negative binomial distribution for the number of
embryos.

Fitting the standard Poisson model to these data gave residual
deviances of 1643.2 on 66 degrees of freedom (df), 684.6 on 35 df,
and 575.5 on 36 df, respectively, for Caipira and Valencia sweet
oranges, and Cleopatra mandarin, line I, giving strong evidence of
possible overdispersion. Using half-normal plots (Demétrio and
Hinde, 1997) it was shown that the constant overdispersion model
with a quadratic linear predictor fits the data well. Table 2 shows
the results of the ratio statistics for linear and quadratic regression
models, suggesting that the quadratic regression model is
statistically significant for all three cultivars. The expected number
of embryos can be calculated using the following equation
Y, = exp(d@ + bx + é&x%, where @, b and ¢ are the parameter
estimates and x corresponds to the concentration of carbohydrates
given in Table 1.
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TABLE 1

NUMBER OF CITRUS SOMATIC EMBRYOS OBTAINED IN SIX CARBOHYDRATE SOURCES EACH AT FIVE DIFFERENT CONCENTRATIONS (MEAN

OF THREE REPLICATIONS)*

Callus line

Carbohydrate mM Valencia Caipira Cleopatra line I Cleopatra line 11 Rangpur lime
Galactose 18 21 25 17 7 0
37 14 39 87 2 0
75 18 67 133 3 0
110 4 194 122 0 0
150 75 124 114 0 0
Glucose 18 8 50 4 5 0
37 3 78 4 6 0
75 0 17 3 3 0
110 0 61 1 8 0
150 0 39 0 0 0
Lactose 18 47 32 3 6 0
37 219 30 25 37 0
75 239 102 77 2 0
110 174 99 145 31 0
150 173 22 146 6 0
Maltose 18 376 62 127 0 13
37 245 65 175 26 0
75 369 25 57 11 2
110 406 24 164 35 1
150 424 13 60 57 0
Sucrose 18 1 14 9 0 0
37 1 23 1 0 0
75 1 10 0 0 0
110 2 3 0 0 0
150 15 10 0 0 0
Glycerol 6 5 3 3 0 0
12 3 0 1 0 0
24 31 9 3 0 0
36 48 39 26 0 5
50 37 48 19 0 10

* Each replication consisted of one Petri dish with 50 mg of callus.

TABLE 2

ESTIMATES OF THE OVERDISPERSION PARAMETER (&)), THE RATIO STATISTICS AND THE PARAMETER ESTIMATES (STANDARD ERRORS) FOR

CAIPIRA AND VALENCIA SWEET ORANGES, AND CLEOPATRA MANDARIN, LINE I

Terms df Caipira Valencia Cleopatra, line 1
Linear 5 5.56 52.38 12.90
Quadratic 3 16.30 3.72 7.70
é 24.40 19.97 14.59
df 66 35 36
Galactose a 1.456 (0.6195) 3.934 (0.8154) 2.931 (0.4401)

b 0.7361 (0.0144) —0.0482 (0.0264) 0.0390 (0.0108)

é —0.0003863 (0.000079) 0.0003369 (0.000149) —0.0001838 (0.000059)
Lactose a 2.056 (0.5717) 4.294 (0.3274) 0.8424 (0.7966)

b 0.0609 (0.0146) 0.0215 (0.0088) 0.0661 (0.0162)

é —0.0003522 (0.000086) —0.0000954 (0.000050) —0.0002573 (0.000078)
Maltose a 4.473 (0.4507) 5.189 (0.2298) 4.898 (0.2793)

b —0.0135 (0.0162) 0.0125 (0.0062) 0.0022 (0.0087)

é 0.0000055 (0.000105) —0.0000449 (0.000035) —0.0000397 (0.000053)

@, b and ¢ are parameter estimates of the equation ¥; = exp(@ + bx + é&x?), using Poisson distribution for Y;.

The corresponding charts (Fig. 1) show that independent of the The opposite was observed for Valencia (Fig. 1b), where the best
callus line, the higher number of somatic embryos in low response was obtained with maltose, and the number of embryos
concentrations of carbohydrates was obtained with maltose. For was higher with increasing doses of maltose and lactose. However,
callus lines Caipira and Cleopatra, line I (Fig. 1a, ¢), the number of few Valencia embryos were obtained in galactose, while both

somatic embryos decreased with increase in maltose concentration. galactose and lactose gave good results for Caipira and Cleopatra,
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Fic. 1. Observed (symbols) and estimated (lines) values of embryogenic
response of callus lines of citrus cultivars to different carbohydrates. A,
Caipira sweet orange (Citrus sinensis); B, Valencia sweet orange (Citrus
sinensts); C, Cleopatra mandarin (C. reticulata).

line 1, with a similar trend, i.e., the number of embryos increased
with increase in carbohydrate concentration up to a maximum,
followed by a decrease in the number of embryos formed.

Histological analyses. Morphological and histological observa-
tions of somatic embryos in different stages of development showed
that in the embryogenic callus lines Caipira, Seleta Vermelha and
Valencia sweet oranges, somatic embryos (Fig. 2a) followed the
normal developmental sequence — globular, heart shape, torpedo
and cotyledonary stages — and conversion into plants occurred
naturally and at high rates. Histological sections of these embryos
revealed globular embryos with well-developed protoderm and in
some cases the beginning of differentiation of a procambial region
(Fig. 2b). In heart-shape embryos (Fig. 2¢) the establishment of
polarity was visible with initial development of cotyledons and
procambial strands leading to torpedo- (Fig. 2d, €) and cotyledon-
ary-stage embryos (Fig. 2f) with a continuous protoderm, well-
defined cotyledons and connecting procambial strands. Apical
meristems were not completely defined in early cotyledonary stages,
but regions with slightly smaller cells could be observed at the
future shoot apical region and root subapical meristem region,
where the procambial strands converge (Fig. 2f).

Embryos formed in cultures of Cleopatra mandarin, lines [ and 11,
and Rangpur lime, when observed under the dissecting microscope,
were initially globular, but developed to form structures with
various forms, not resembling the normal embryo developmental
stages (Fig. 3a). These structures rarely converted into plantlets.
Histological sections showed globular embryos, in some cases with
a central mitotically active region (Fig. 3b). Protoderm was present
and proliferation of callus could be observed on the surface of the
embryos. Sections of the structures shown in Fig. 3a reveal several
abnormalities. These were somatic embryos which did not continue
their normal development, and instead abnormal somatic embryos
were produced, probably related to a change in their embryogenic
program. Cell proliferation was observed in the shoot apical region
(Fig. 3¢, e) as well as precocious elongation of the embryo axis (Fig.
3d), and discontinuity or de-differentiation of the protoderm (Fig.
3¢, f), probably leading to proliferation of callus and cessation of
embryo development.

Discussion

For all combinations tested (cultivar, carbohydrate source and
concentration), sucrose did not stimulate somatic embryogenesis,
except in Seleta Vermelha sweet orange nucellus-derived callus. In
callus cultures of this cultivar, well-formed somatic embryos
developed in medium containing sucrose as the carbohydrate
source, and the proliferation of callus was prevented. Seleta
Vermelha sweet orange cultures were embryogenic and highly
repetitive, when maintained on MT medium containing 500 mg 1"
malt exiract and 50 g 1! sucrose.

For the other embryogenic cultivars, galactose, lactose, and
maltose were the best carbohydrate sources for somatic embryogen-
esis induction. Kochba et al. (1978a, b) related the galactose
efficiency in promoting somatic embryogenesis to its ability to
inhibit auxin synthesis, modifying the endogenous auxin balance
(Cabasson et al., 1995). This indicates that somatic embryogenesis
in citrus is favored by conditions that lower the endogenous auxin
concentration (Kochba and Spiegel-Roy, 1977). Maltose, a
carbohydrate that produces glucose in its metabolism, has also
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Fic. 2. Somatic embryogenesis from embryogenic callus of Caipira (e), Seleta Vermelha (a, ¢, d, f) and Valencia (b) sweet oranges. a,
Normal developmental sequence — globular, heart-shape and cotyledonary stages of somatic embryos (from left to right). b—f, Histological
section of globular-stage somatic embryo (b) showing well-developed protoderm and beginning of differentiation of a procambial region;
heart shape-stage (c) somatic embryo with cotyledons and procambial strands; torpedo-stage (d, €) somatic embryo; cotyledonary-stage ( f)
somatic embryo showing well-developed cotyledons and procambial strands connecting the apical meristems. Abbreviations: ¢, cotyledon;
p. procambial strands; r, root meristem; arrowhead, protoderm (bars = 1 mm (a), 200 pm (b—f)).

been shown to be effective in stimulating somatic embryogenesis
from citrus callus (Hidaka and Omura, 1989; Pérez et al., 1998).
The actual effect of glucose-producing carbohydrates in the
embryogenic process, however, is not known (Strickland et al.,
1987; Kunitake and Mii, 1995). Maltose was recently tested in
citrus (Pérez et al., 1999) and also showed positive results in the
induction of grape (Coutos-Thevenot et al., 1992) and alfalfa
somatic embryos (Strickland et al., 1987). These carbohydrates
probably affect the process physiologically, rather than as an energy
supply, since their effects occur at low concentrations (Kochba
et al., 1978b).

Glucose and fructose have not been efficient for citrus somatic
embryogenesis (Kochba et al., 1982; Pérez et al., 1999), although
other species show a positive response to these carbohydrates
(Komai et al., 1996). Some authors reported that a subculture to
medium with glycerol can release citrus somatic embryos from

embryogenic arrest (Hidaka and Omura, 1989; Gavish et al., 1992;
Singh et al., 1992). However, in the present experiment, only a low
number of somatic embryos formed on medium containing this
carbohydrate.

Poisson distribution, which is recommended for the statistical
analysis of count data, was modified since high deviance values
were obtained indicating the occurrence of overdispersion. Possible
explanations for overdispersion would be the intrinsic variability in
the experimental material (callus cultures) or a correlation among
individual responses, which would give an additional component of
variability, not accounted for by the basic model. Citrus
embryogenic callus is, indeed, a mass of different cell types
which could be responsible for the occurrence of overdispersion.
Cabasson et al. (1995) described two types of starch-rich cells in
cell clusters of Citrus deliciosa. The most abundant type had
vacuolated cytoplasm with large starch grains, while the less
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Fic. 3. Somatic embryogenesis from callus lines of Cleopatra mandarin, line I (b) and line II (f), and Rangpur lime (a, c—e). a,
Various types of abnormal somatic embryos; b, histological section of globular-stage somatic embryo with a central mitotically active
region; c—f, histological sections of somatic embryos showing various types of malformations, including proliferation of cells (*) in the
shoot apical region (c, e), elongated embryo axis (d) or lack of protoderm continuity (arrow) (f). Abbreviations: ¢, cotyledon; p,

procambium; arrowhead, protoderm (bars = 1 mm (a), 200 pm (b—f)).

common type had small starch granules and a high nucleo-
cytoplasmic ratio and were considered embryogenic. In tissue
culture systems, every time an explant source is subdivided it is
likely that explants with individual characteristics will be created
and these characteristics are not accounted for by parameters of
variation of statistical models, generating overdispersion.
Abnormalities in somatic embryogenic development are
described in many other systems, probably caused by inadequate
culture conditions, which are often cultivar-specific. Different
degrees of morphological alterations, such as embryo fusion,
formation of more than two cotyledons, or lack of proper apical
meristem formation have been described (Alemanno et al., 1996;
Rodriguez and Wetzstein, 1998). Padmanabhan et al. (1998)
described five types of morphological variants in sweet potato
cultures, mainly related to the formation of the shoot apex. Lack or
low conversion of somatic embryos can be related to abnormalities
in the shoot apical meristem (Merkle et al., 1990; Rodriguez and
Wetzstein, 1994; Padmanabhan et al., 1998). Abnormal formation
of the protoderm has also been described as an important factor,

which can lead to the arrest of development of the somatic embryo
(Yeung, 1995).

In the present work we reported differences in the response of
citrus callus of different cultivars to treatments with six
carbohydrates in different concentrations, confirming that the
cultivar is indeed an important factor influencing somatic
embryogenesis efficiency in citrus. Callus subculture from
sucrose-containing medium to a fresh medium containing either
galactose, lactose, or maltose, stimulated the embryogenic process
in responsive cultures. Histological characterization of the process
allowed observation of a change in the embryo developmental
pathway in some cultivars, leading to abnormalities of development.
In highly embryogenic cultures, the normal embryo developmental
sequence was confirmed with anatomical observations. This type of
information is important to define the normal embryo developmental
pathway and to find possible reasons for low recovery of plants from
less embryogenic callus cultures. Studies regarding development
and maturation of citrus somatic embryos are important for higher
rates of conversion into plants.



452 TOMAZ ET AL.

ACKNOWLEDGMENTS

The authors acknowledge FAPESP for financial support and an M.Sc.
scholarship to M.L.T., and CNPq for a research fellowship to B.M.J.M.,
F.A.A.M.F. and C.G.B.D.

REFERENCES

Alemanno, L.; Berthouly, M.; Michaux-Ferriere, N. Histology of somatic
embryogenesis from floral tissues of cocoa. Plant Cell Tiss. Organ
Cult. 46:187-194; 1996.

Cabasson, C.; Ollitrault, P.; Cote, F.; Michaux-Ferriere, N.; Dambier, D.;
Dalnic, R.; Teisson, C. Characteristics of citrus cell cultures during
undifferentiated growth on sucrose and somatic embryogenesis on
galactose. Physiol. Plant. 93:464—470; 1995.

Coutos-Trevenot, P.; Goebel-Tourand, 1.; Mauro, M.; Jouanneau, J.; Boulay,
M.; Deloire, A.; Guern, J. Somatic embryogenesis from grapevine
cells. I. Improvement of embryo development by changes in culture
conditions. Plant Cell Tiss. Organ Cult. 29:125-133; 1992.

Demétrio, C. G. B.; Hinde, J. Half-normal plots and overdispersion. GLIM
Newsletter 27:19-26; 1997.

Feder, N.; O’Brien, T. P. Plant microtechnique: some principles and new
methods. Am. J. Bot. 55:123—-142; 1968.

Gavish, H.; Vardi, A.; Fluhr, R. Suppression of somatic embryogenesis in Citrus
cell cultures by extracellular proteins. Planta 186:511-517; 1992.

Gmitter, F. G.; Grosser, J. W.; Moore, G. A. Citrus. In: Hammerschlag, F. A.;
Litz, R. E., eds. Biotechnology of perennial fruit crops. Wallingford:
CAB International; 1992:335-369.

Gmitter, F. G.; Moore, G. A. Plant regeneration from undeveloped ovules and
embryogenic calli of Citrus: embryo production, germination, and
plant survival. Plant Cell Tiss. Organ Cult. 6:139-147; 1986.

Grosser, J. W.; Gmitter, F. G. Protoplast fusion and citrus improvement.
Plant Breed. Rev. 8:339-374; 1990.

Hidaka, T.; Omura, M. Control of embryogenesis in Ciirus cell culture:
regeneration from protoplasts and attempts to callus bank. Bull. Fruit
Tree Res. Stn. B. 16:1-17; 1989.

Hinde, J.; Demétrio, C. G. B. Overdispersion: models and estimation.
Comput. Statist. Data Anal. 27:151-170; 1998a.

Hinde, J.; Demétrio, C. G. B. Overdispersion: models and estimation. Sao
Paulo: Associacgao Brasileira de Estatistica; 1998b.

Jumin, H. B.; Nito, N. Plant regeneration via somatic embryogenesis from
protoplasts of six species related to Citrus. Plant Cell Rep. 15:332—
336; 1996.

Kobayashi, S.; Ohgawara, T.; Ohgawara, E.; Oiyama, I.; Ishii, S. A somatic
hybrid plant obtained by protoplast fusion between navel orange
(Citrus sinensis) and satsuma mandarin (C. unshiu). Plant Cell Tiss.
Organ Cult. 14:63-69; 1988.

Kobayashi, S.; Uchimiya, H. Expression and integration of a foreign gene in
orange (Citrus sinensts Osb.) protoplast by direct DNA transfer. Jpn J.
Genet. 64:91-97; 1989.

Kochba, J.; Button, J. The stimulation of embryogenesis and embryoid
development in habituated ovular callus from the ‘Shamouti’ orange
(Citrus sinensis) as affected by tissue age and sucrose concentration.
7. Pflanzenphysiol. 73:415-421; 1974.

Kochba, J.; Spiegel-Roy, P. The effects of auxins, cytokinins and inhibitors
on embryogenesis in habituated ovular callus of the ‘Shamouti’
orange (Citrus sinensts). Z. Pflanzenphysiol. 81:283-288; 1977.

Kochba, J.; Spiegel-Roy, P.; Neumann, H.; Saad, S. Stimulation of embryogen-
esis in citrus ovular callus by ABA, ethephon, CCC and Alar and its
suppression by GA3. Z. Pflanzenphysiol. 89:427-432; 1978a.

Kochba, J.; Spiegel-Roy, P.; Neumann, H.; Saad, S. Effect of carbohydrates
on somatic embryogenesis in subcultured nucellar callus of Citrus
cultivars. Z. Pflanzenphysiol. 105:359-368; 1982.

Kochba, J.; Spiegel-Roy, P.; Saad, S.; Neumann, H. Stimulation of
embryogenesis in Citrus tissue culture by galactose. Naturwis-
senschaften 65:261-262; 1978b.

Komai, F.; Okuse, I.; Saga, K.; Harada, T. Improvement on the efficiency of
somatic embryogenesis from spinach root tissues by applying various
sugars. J. Jpn Soc. Sci. 65:67-72; 1996.

Kunitake, H.; Kagami, H.; Mii, M. Somatic embryogenesis and plant

regeneration from protoplasts of ‘Satsuma’ mandarin (Citrus unshiu
Marec.). Scient. Hortic. 47:27-33; 1991.

Kunitake, H.; Mii, M. Somatic embryogenesis in Citrus species. In: Bajaj,
Y. P. S., ed. Somatic embryogenesis and synthetic seed I.
Biotechnology in agricultural and forestry, vol. 30. Berlin:
Springer-Verlag; 1995:280-298.

Ling, J.; Iwamasa, M. Plant regeneration from embryogenic calli of six Citrus
related genera. Plant Cell Tiss. Organ Cult. 49:145-148; 1997.

Mendes-da-Gléria, F. J.; Mourdo Filho, F. A. A.; Demétrio, C. G. B,
Mendes, B. M. J. Embryogenic calli induction from nucellar tissue of
citrus cultivars. Scient. Agric. 56:1111-1115; 1999.

Merkle, S. A.; Parrot, W. A.; Flinn, B. S. Morphogenic aspects of somatic
embryogenesis. In: Thorpe, T. A., ed. In vitro embryogenesis in
plants. Dordrecht: Kluwer Academic Publishers; 1995:155-203.

Merkle, S. A.; Wiecko, A. T.; Sotak, R. J.; Sommer, H. E. Maturation and
conversion of Liriodendron tulipifera somatic embryos. In Vitro Cell.
Dev. Biol. 26:1086—1093; 1990.

Murashige, T.; Tucker, D. P. H. Growth factor requirements of citrus tissue
culture. Proc. Int. Soc. Citricult. 1:1155-1161; 1969.

Oliveira, R. P.; Mendes, B. M. J.; Tulmann Neto, A. Obtencéo e cultura de
calos nucelares de limdo Cravo, tangerina Cleopatra e Poncirus
trifoliata. Rev. Bras. Fisiol. Veg. 6:115-119; 1994.

Padmanabhan, K.; Cantliffe, D. J.; Harrell, R. C.; McConnell, D. B. A
comparison of shoot-forming and non-shoot-forming somatic embryos
of sweet potato (Ipomea batatas (L.) Lam.) using computer vision and
histological analyses. Plant Cell Rep. 17:685-692; 1998.

Pefia, L.; Cervera, M.; Juarez, J.; Navarro, A.; Pifia, J. A.; Duran-Vila, N.;
Navarro, L. Agrobacterium-mediated transformation sweet orange and
regeneration of transgenic plants. Plant Cell Rep. 14:616—619; 1995a.

Pefa, L.; Cervera, M.; Judrez, J.; Ortega, C.; Pifia, J. A.; Durdn-Vila, N.;
Navarro, L. High efficiency Agrobacterium-mediated transformation
and regeneration of citrus. Plant Sei. 104:183-191; 1995b.

Pérez, R. M.; Galiana, A. M.; Navarro, L.; Duran-Vila, N. Embryogenesis in
vitro of several Citrus species and cultivars. J. Hort. Sci. Biotechnol.
73:796-802; 1998.

Pérez, R. M.; Mas, O.; Navarro, L.; Duran-Vila, N. Production and
cryoconservation of embryogenic cultures of mandarin and mandarin
hybrids. Plant Cell Tiss. Organ Cult. 55:71-74; 1999.

Ranga Swamy, N. S. Culture of nucellar tissue of Citrus in vitro. Experientia
14:111-112; 1958.

Ranga Swamy, N. S. Experimental studies on female reproductive structures
of Citrus microcarpa Bunge. Phytomorphology 11:109-127; 1961.

Rangan, T. S.; Murashige, T.; Bitters, W. P. In vitro initiation of nucellar
embryos in monoembryonic Citrus. HortScience 3:226-227; 1968.

Rangan, T.S.; Murashige, T.; Bitters, W. P. Invitro studies of zygotic and nucellar
embryogenesis in citrus. Proc. Int. Soc. Citricult. 1:225-229; 1969.

Rodriguez, A. P. M.; Wetzstein, H. Y. The effect of auxin type and concentration
on pecan (Carya illinoinensis) somatic embryo morphology and
subsequent conversion into plants. Plant Cell Rep. 13:607—-611; 1994.

Rodriguez, A. P. M.; Wetzstein, H. Y. A morphological and histological
comparison of the initiation and development of pecan (Carya
illinoinensts) somatic embryogenic cultures induced with naphtha-
leneacetic acid or 2,4-dichlorophenoxyacetic acid. Protoplasma
204:71-83; 1998.

Singh, A. K.; Nito, N.; Iwamasa, M. Influence of lactose and glycerol on
growth and somatic embryogenesis of Citrus callus. Acta Hortic.
321:606—609; 1992.

Spiegel-Roy, P.; Saad, S. Effect of carbohydrates and inhibitors of GAj
biosynthesis on embryogenic potential of salt tolerant and non-
tolerant callus lines of orange (Citrus sinensis Osbeck). Plant Sci.
47:215-220; 1986.

Strickland, S. G.; Nichol, J. W.; McCall, C. M.; Stuart, D. A. Effect of
carbohydrate source on alfafa somatic embryogenesis. Plant Sci.
48:113-121; 1987.

Vu, J. C. V.; Niedz, R. P.; Yelenosky, G. Glycerol stimulation of chlorophyll
synthesis, embryogenesis, and carboxylation and sucrose metabolism
enzymes in nucellar callus of Hamlin sweet orange. Plant Cell Tiss.
Organ Cult. 33:75-80; 1993.

Yeung, E. C. Structural and developmental patterns in somatic embryogen-
esis. In: Thorpe, T. A., ed. In vitro embryogenesis in plants.
Dordrecht: Kluwer Academic Publishers; 1995:205—-247.



