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ABSTRACT

Anthers of two soybean cultivars were cultured fl@hg basal culture media gelled with agarose byfgel™.

Cytological examinations of the anthers were catriat during the first 45 days of culture to assiag viability
and developmental stage of microspores. Frequehoaltus formation was recorded at 45 days of qelturhe
analysis of variance of the microspore viabilitysag showed significant Cultivar X Gelling Agent Xyi»f Culture
interactions. The frequencies of viable microspatesreased significantly with time of culture, \witeach cultivar
and gelling agent tested. The interaction Day Xti@ai was significant for the frequencies of bireate
symmetrical grains and multinucleate/multicellulstructures. The effect of gelling agents on theufemcy of
binucleate symmetrical pollens grains and multieatd/multicellular structures was not significadtbout the
frequencies of calli and embryogenic calli formedsignificant difference was detected between thigvars

(IAS5= 14.8% and BRS 133=6.6%). Gelling agents gtbmo effect over these frequencies.

Key words: Anther culture,Glycine max culture media, binucleate pollen grains, multieate/multicellular
structures, callus formation

INTRODUCTION pathway, it was not the exclusive route for the
multinucleate structure formation in soybean.

The unique phenomenon encompasseéhbyitro It is accepted that plant genotype plays a
pollen embryogenesis (androgenesis) is concerndjedominant role in determining androgenic
with the redirection of normal gametophytic pollenfésponse vitro, with major differences between
development towards the embryo formationthe genotypes in their reaction under given culture
pathway. The symmetricity of the nuclear divisionconditions. Not only do the species within a genus
upon stress has been implicated to be a majéften show markedly dissimilar responses in
pathway of embryo formation when microspore§U|ture, but also cultivars of the same SpeCies (fOf
are cultured prior to first pollen mitosis (Smykal,review, see Maheshwari et al., 1982; Goralski et
2000). Yin et al. (1980) reported that symmetricafl., 1999). Thus, culture procedure should be
binucleate pollen grains are one of the routeg§ptimized for each genotype so that this genotypic
identified in soybean callus formation. Data€ffect can be decreased or even minimized
obtained by Kaltchuk-Santos et al. (1997) showefAtanassov et al., 1995).

that although symmetric division was an important
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No single anther culture medium can besupplemented with Yeung's amino acids (Yeung
recommeded for the general use. and Sussex, 1979), 2 mg. 1L 2,4-D
The concentration and composition of the sugar@ichlorophenoxy acetic acid), 0.5 mg:* LBA
and the type of gelling agents have the greatefbenzyladenine), 9% sucrose. The medium was
influence on medium efficiency (Foroughi-Wehrgelled with 0.3% Phytag®! (Sigma Chemical
and Wenzel, 1993). According to Hadeler et alCo.) or 0.8% Agarose (Type VII, Sigma). One
(1995), the gellant strongly influences cellularthousand and six hundred anthers (100 per 90 mm
differentiation and sensitivity ah vitro plant cell [0 Petri dish) were cultured per treatment per
cultures to cytokinin. Gelling agents are believectultivar, with a total of 6,400 anthers. Cultures
to influence the availability of mineral salts andwere incubated at 26 under a 16-h photoperiod
sometimes may result in the vitrification of of 22.5umol.m?.s* with fluorescent light.
cultured tissues (Nestakova et al., 2000). Ten anthers per Petri dish were collected at 0, 15,
Although agar has been for a long time the onl0, and 45 days after culture initiation for the
gelling agent used to produce solid media, moreytological analysis. Anthers were fixed in
reproducible results on anther culture have beegthanol:acetic acid 3:1. Five anthers per Petri dish
obtained with Gelrite (gellan gum) and agaros&vere then squashed in propionic carmine to
(Atanassov et al., 1995). To avoid possibleevaluate the viability and developmental stages of
inhibitory agar impurities, agarose has beemhe microspores. A total of 8000 microspores were
recommended to gel the medium for soybea@nalyzed per treatment per cultivar at each
anther culture (Hu et al., 1996). This gelling agentollection date. The other five fixed anthers were
was used in previous studies (Kaltchuk-Santos &gored in freezer to be analyzed using another
al., 1997). cytological technique (data not presented). The
Phytage" is a gellan gum PS-60 isolated fromremaining cultured anthers were transferred to
the bacteriunPseudomonas eloded#t is a linear smaller Petri dishesC{ 60 mm), containing the
polysaccharide composed of glucuronic acidgame culture medium. The frequency of callus
glucose, and rhamnose, requiring the presence ffrmation was recorded 45 days after the
monovalent and divalent cations for gellationinpculation. Calli were classified intcthree
(Veramendi et al., 1997) Since Phyté&ells morph0|ogica| types: rough (F|g 1a)'
purified from a single organism, it is highly rough/smooth (Fig. 1b) and smooth (Fig. 1c).
purified and does not contain contaminantshuang et al. (1991) and Hu et €1996) reported
(Chevreau et al., 1997). that  smooth-surfaced calli ~ demonstrated
The aim of this work was to assess the effect Oémbryogenic potential.
two gelling agents, agarose and Phytd§ebn Analysis of variance was performed on
microspore viability, androgenetic induction andmijcrospores viability, binucleate symmetrical
callus formation from cultured anthers of twomijcrospores, multinucleate/multicellular structures
soybean cultivars. and callus formation data. Arcsin transformation
was used on viability data; on binucleate
symmetrical grains and multinucleate/multicellular
MATERIAL AND METHODS structures data repeated measures analysis was
used weighed least-squared transformation
Soybean cultivars IAS-5 and BRS 133 were growmethod. Callus formation data were analyzed by a
in the field conditions at the Universidade Federajwo-factor factorial Analysis of Variance,
do Rio Grande do Sul, Brazil. Harvestedconsidering cultivar and gelling agent.
inflorescences were stored at low temperature
(~4°C) for 1 or 2 days. Flower buds were sterilized
in 70% ethanol for 15s, followed by immersion in
a 2% sodium hypochlorite solution for 12 min and
rinsed three times with sterilized distilled water.
Young inflorescences were harvested and anthers
of 3.0 to 3.5 mm flower buds were dissected and
cultured in B5 long culture medium. This medium
consisted of B5 formulation (Gamborg et al.,
1968), enriched with 16 organic compounds and
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Figure 1 - Calli formed in soybean anther culture. a) rguglrough/smooth; ¢) smooth. Bars=1 mm

RESULTS AND DISCUSSION Frequency of Binucleate Pollen Grains and
Multinucleate Structures
Viability of microspores Cytological analysis of the cultured anthers was

The results of the microspores viability assay byarried out to determine the developmental stage at
propionic-carmine staining (Fig. 2a) during theinoculation time and microspore segmentation
first 45 days of culture are presented in Table Ithroughout the culture period, using samples of
The analysis of variance showed significan@nthers inthe first 45 days of culture. In addition
Cultivar X Gelling Agent X Day of Culture to the asymmetrical mitotic division of the
interactions (Prob>0.0173). As expected, thenicrospores, pollen grains with symmetrical
frequencies of viable microspores decreasedivision were observed (Fig. 2b and 2c). In
significantly with the time of culture, within each agreement with a previous study on soybean
cultivar and gelling agent tested. Similar result¢Kaltchuk-Santos et al., 1997), the multinucleate
were obtained by Rodrigues et §2005), which structures (Fig. 2d) arogeom either symmetrical
observed an increase of pollen degradation withr asymmetrical pathways, and both vegetative
time of culture. However, considering theand generative nuclei might undergo division. The
frequency of viable microspores within day ofpresence of symmetrical binucleate and
culture, very similar means were obtained whemultinucleate pollen grains were observed before
comparing gelling agents in both cultivars. the culture (O day - Table 2). Considering that the
flower buds were cold pretreated, these results
indicated that the stress induced a gametophytic
route deviation, even before the anthers
inoculation in culture medium. Rodrigues et al.
(2005) also showed that soybean multinucleate
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grains occurrence was not an exclusive response Amdrogenetic Structures

culture, since these pollen grains were recorded iData on the frequency of calli formed 45 days after
anthers submitted only to cold treatment. Inculture initiation are summarized in Table 3.
addition to multinucleate pollen grains, theGelling agents revealed to have no effect on the
presence of multicellular structures was notedrequencies of calli and embryogenic calli formed.
from day 15 or(Fig. 2e). Finally, the mass of cells Similar results were reported by Jahne e(194)
was released from pollen by exine rupture (Figs. 2ivho could not detect any difference in barley
and 29). anther culture response to agarose-solidified or
Considering the importance of symmetrical pollerGelrite-solidifiedmedia.

grains and multinucleate/ multicellular structuresA statistically significant difference was detected
for androgenetic callus and embryo formation, théetween the cultivars (Prob>0.0005). The mean of
statistical analysis only included this information.embryogenic calli obtained with the cultivar IAS—
Results are summarized in Table 2. 5 (0.148) was higher than that of cultivar BRS 133
The effect of gelling agents on tlieequency of (0.066). Jian et al (1986) reported that the
binucleate symmetrical and multinucleate/frequency of callus and shoot formation in anther
multicellular pollen grains was not statistically culture of soybean was quite different among the
significant  (Prob>0.7823 and Prob>0.9384.85 varieties tested. Only one variety showed
respectively). The overall means for binucleatglantlet regeneration. These results reinforced the
symmetrical pollen were 0.0272 for agarose andbservation that the success in soybean anther
0.0288 for Phytagel. For  culture was genotype-dependent.
multinucleate/multicellular structures, the means

were 0.0125 for agarose and 0.0137 for

Phytagel™. Similar frequencies were reported for

cultivar IAS-5 in previous studies (Kaltchuk-

Santos et al.,, 1997; Cardoso et al., 2004). Thus,

results indicated that gelling agents had no

influence on the segmentation pattern of

microspores.

The interaction Day X Cultivar was significant for

the frequencies of binucleate symmetrical grains

(Prob>0.0002) and multinucleate/multicellular

structures (Prob>0.0001). Comparing days of

culture within each cultivar, it was observed that

frequencies of binucleate symmetrical and

multinucleate/multicelular pollen grains increased

during the culture period. Comparing the cultivars

within each day of culture, the means for

binucleate symmetrical and multinucleate/

multicellular pollen grains in cultivar IAS-5 were

higher than those obtained with cultivar BRS 133.

However, significant difference was detected just

for the multinucleate/multicellular structures at 15

days. The difficulty in detecting the significant

differences could be accounted to extremely low

frequencies of such kind of structures.
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Figure 2 - Viability and microspore development through thdture period. a) v=viable and
n=nonviable microspores; b) binucleate symmetnaghout cell wall; c) binucleate
symmetrical with cell wall; d) multinucleate; e) hicellular; f) mass of cells released

by pollen exine rupture; g) and h) cell prolifecats. Bars=1(m

Table 1 - Effect of interaction between soybean cultivardimgge agents and days of culture on viable pollen

frequency.
Cultivar |1AS-5 BRS 133
Days of 0 15 30 45 0 15 30 45
culture

Adarose al3l1A a0.71B a0.73B a0.74B al28A a09B a075C a0.71C
9 (0.96) (0.65) (0.66) (0.67) (0.95) (0.81) (0.68) (0.65)

Phvtagel al30A a0.71B a069B a069B al26A a090BC a0.77D a0.79CD
yiag (0.96) (0.65) (0.64) (0.64) (0.95) (0.78) (0.69) (0.71)

() Original means
Capital letters on the right of transformed means indicatedhgarison among days of culture within the same cultivar and

gelling agent.
Small letters on the left of transformed means indicate ahgparison between means of gelling agents within the same day of

culture.
Means accompanied by the same letter (horizontally for uppes ahd vertically for lower class letters) are not sicanifily

different @= 0.05)
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Table 2 - The effect of interaction between soybean cultimad days of culture on binucleate symmetrical and
multinucleate pollen grain frequencies

Days of Number of Binucleate symmetrical * Multinucleate / Multicellular *
culture microspores IAS-5 BRS 133 IAS-5 BRS 133
examined
0 60.674 a 0.0051 A a 0.0018 A a 0.0020 A a 0.0009 A
' (0.0052) (0.0019) (0.0020) (0.0008)
15 26.915 a0.0470B a0.0181 AB a0.0179B b 0.0052 AB
' (0.0521) (0.0207) (0.0201) (0.0080)
30 21905 a0.0351B a0.0242 B a 0.0188 B a0.0112 B
' (0.0420) (0.0280) (0.0208) (0.0144)
45 27591 a0.0378 B a0.0292 B a0.0180B a 0.0169 B
' (0.0426) (0.0318) (0.0202) (0.0182)

* Transformed Mean

() Original Mean

Capital letters on the right of transformed means indicatedhgarison among days of culture within the same cultivar.
Small letters on the left of transformed means indicatedhgarison between cultivars within the same day of culture.
Means accompanied by the same letter are not significafféyetit (= 0.01)

Table 3- Callus formation from cultured anthers of twglsean cultivars.

. . Number of % of anthers with % of anthers with
Cultivar Gelling Agent i . e
anthers calli embryogenic calli
Agarose 884 42.7 15.7
IAS-5 Phytagel 910 44.0 13.8
Mean 1,794 43.4 A 148 A
Agarose 843 42.9 6.7
BRS 133 Phytagel 872 40.1 6.5
Mean 1,717 415A 6.6 B

* Smooth + Smooth / Rough
Letters on the right of overall means indicate the comparisevebatcultivars. Means followed by the same letter are not signily different
(0=0.01)

binucleados simétricos e estruturas
multinucleados/multicelulares néo foi significante.
Anteras de duas cultivares de soja foranfom relagéo as freqiiéncias de calos e estruturas
cultivadas em meio de cultura basal B5 long@mbriogénicas formadas, houve diferenca
gelificado com agarose ou PhytdgelAnalises significativa entre cultivaredAS5= 14.8% e BRS
citolégicas das anteras foram conduzidas duranfe3=6.6%) O agente gelificante ndo mostrou
os primeiros 45 dias de cultura para avaliar &feito em tais freqiiéncias.

viabilidade e o estagio de desenvolvimento dos

microsporos. A frequéncia de formagéo de calos

foi analisada ap6s 45 dias do inicio da cultura. RKEFERENCES

andlise da variancia da viabilidade do microsporo

mostrou interagdes significativas de Cultivar XAtanassov A.; Zagorska, N.; Boyadijiev, P.; Djiliano
Agente Gelificante X Dias de Cultura. As D. (1995), In vitro production of haploid plants.
freqiiéncias de grdos de pélen viaveis diminuiram World Journal of Microbiology and Biotechnolagy
significativamente com o tempo de cultura, dentrg 11, 400-408.

de cada cultivar e agente gelificante testado. &2rd0s0. M. B.; Kaltchuk-Santos, E.; Mundstock, E.;
. - . . LI Bodanese-Zanettini, M. H. (2004), Initial
interacdo Dia X Cultivar foi significante para as

. - , i segmentation patterns of microspores and pollen
frequencias de grdos de polen binucleados apility in soybean cultured anthers: indicatioh o
simétricos e estruturas

g ) ) chromosome doublind@razilian Archives of Biology
multinucleados/multicelulares. O efeito do agente and Technologyt7(5), 703-712.

gelificante na frequéncia de graos de podlen

RESUMO
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