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ABSTRACT

Anthers obtained from flowers buds of soybean cultivar IAS -5 were cultured in two basal culture media (B5 and B5 
long). Cytological examinations of the in vitro anthers were performed during the first 20 days of culture to assay 
the viability (by propionic-carmine and fluorescein diacetate tests) and the stage of development of pollen grains. 
The frequencies of viable pollen grains varied significantly between bud sizes on the propionic-carmine analysis. 
The basal culture media and bud size had no clear effect on the frequencies of binucleate symmetrical and 
multinucleate pollen grains. Chromosome counts of metaphasic microspores throughout the culture period showed 
microspores with higher ploidy level in addition to normal chromosome number (n=20).  
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INTRODUCTION

In vitro anther or microspore culture provides a 
useful method for haploid plant production, which 
can be used to develop homozygous pure lines for 
crop-breeding programs. Homozygous seeds and 
plants are essentially ideal material for genetics, 
molecular biology, biotechnology, and for plant 
breeding. Although the production of haploid 
plants of a number of crops is now a routine 
practice, progress is still slow in some species 
because of the low frequency of plant regeneration 
(Atanassov et al., 1995).  
In spite of many efforts, there seems to be no 
reproducible and efficient system available for the 
production of soybean androgenic plantlets yet. 
Tang et al. (1973) were the first to obtain calli

from soybean anther culture. Yin et al. (1980, 
1982) obtained sporadic haploid plantlets from 
Chinese soybean cultivars. In almost all the 
subsequent studies on haploid induction through 
anther culture, only calli or few embryos, which 
died at a very early stage of development, were 
obtained (Hu et al., 1996).    
Being aware of the serious lack of basic 
information, our laboratory has set forth projects 
to gather cytological and histological data related 
to anther culture (Kaltchuk-Santos et al., 1993, 
1997; Lauxen et al., 2003), with the goal of 
identifying factors that are important for the 
stimulation of soybean androgenesis and 
establishing a protocol that would permit the 
production of dihaploid plants.  
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Many factors have been recognized as affecting 
the response of cultured anthers, including 
genotype, physiological state and growth 
conditions of donor plants, stage of pollen 
development, pretreatment of anthers and 
composition of the culture medium (Smýkal, 
2000). The importance of the basal medium 
composition for anther culture was recognized 
quite early (Maheshwary et al., 1982). There is a 
continually expanding list of media suitable for a 
range of species, but most media are specific for a 
few or even only one genotype. Therefore, no 
single anther culture media can be recommended 
for general use (Atanassov et al., 1995).  Yin et al. 
(1982) and Jian et al. (1986) tested several basal 
media for soybean anther culture. These studies 
determined that B5 medium (Gamborg et al., 
1968) provided the highest frequency of callus 
induction. Later studies conducted by Zhuang et 
al. (1991) and by our research team (Kaltchuk-
Santos et al. 1997) used B5 salts enriched with 16 
organic compounds (B5 long medium). 
Considering that B5 long is an expensive medium, 
which demands a tedious preparation, it is very 
important to test the effectiveness of this medium 
and compare it to B5.  
The stage of pollen development at the time of 
culture initiation markedly affects androgenesis as 
well. Pollen grains can be switched towards the 
sporophytic pathway within only a narrow period. 
For most species, the period around the first 
haploid mitosis (late uninucleate or early 
binucleate pollen grains) has been shown to be the 
critical stage for pollen susceptibility to 
androgenic induction (Reynolds, 1997). To 
improve the selection of soybean anthers for 
culture, Ivers et al. (1974) and Yin et al. (1982) 
correlated bud stages with microspore 
differentiation for American cultivar ‘Hark’ and 
Chinese cultivars, respectively.  
We carried out a study in our laboratory to 
establish the association between flower bud sizes 
and the corresponding microspore developmental 
stages for soybean cultivars used in Brazil. Data 
indicated that for a given bud size, the microspores 
of different cultivars were at different stages 
(Lauxen et al., 2003). Specifically for cv. IAS-5, 
uninucleate microspores were found in buds with 
2.5 - 3.5 mm in size. This paper reports the results 
of new attempts towards the improvement of 
androgenesis in soybean by testing different 
induction basal media and flower bud sizes. The 
study included the analysis of pollen viability, 

pollen developmental stages and the occurrence of 
spontaneous chromosome doubling. 

MATERIAL AND METHODS 

The North American-adapted cultivar IAS-5, 
commonly used in genetic improvement programs 
and for commercial growing in the Brazilian state 
of Rio Grande do Sul, was used in this study. 
Plants were grown in field conditions. The 
harvested inflorescences were stored at low 
temperature (4ºC to 7ºC) 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. Two flower 
bud sizes (2.5 - 2.9 and 3.0 - 3.5 mm) were 
aseptically plated onto two different culture media: 
B5 and B5 long (Carolina Biological Supply Co., 
Burlington, NC, USA). Both media were 
supplemented with Yeung's amino acids (Yeung 
and Sussex, 1979), 2mg. L-1 2,4-D 
(dichlorophenoxy acetic acid), 0,5 mg. L-1 BA 
(benzyladenine), 9% sucrose and gelled with 0.3% 
Phytagel (Sigma Chemical Co.). On average, 
1,200 anthers (100 per Petri dish) were cultured in 
each treatment, totaling 4,800 anthers. Petri dishes 
(90 mm in diameter) were incubated at 25ºC under 
a 16 hour photoperiod. Ten anthers were randomly 
collected from each Petri dish at 0, 5, 10, 15, and 
20 days of culture for cytological analysis. To 
determine pollen viability, 5 anthers were used in
vivo for FDA (Fluorescein diacetate) test (Heslop-
Harrison and Heslop-Harrison, 1970). Five anthers 
were fixed in 3:1 (ethanol:acetic acid) for 
propionic-carmine staining to investigate pollen 
viability and stages of development. Microspores 
were staged under Zeiss Axioplan Universal 
microscope.   
Analysis of variance was performed on pollen 
viability data using a split-plot design. Main plots 
consisted of a three-factor factorial design: blocks 
(days of inoculation); media (B5 and B5 long); 
and flower bud size (2.5 - 2.9 mm and 3.0 - 3.5 
mm). Subplots consisted of culture period (0, 10, 
15, and 20 days after culture initiation). Several 
transformations were tried on data from propionic-
carmine assay with weighted least-squares method 
using the inverse-variance as weight, thus yielding 
the best result. Means were compared using 
Tukey’s test.  
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Data on binucleate symmetrical and multinucleate 
pollen grains were analyzed using Kruskal-Wallis 
non-parametric analysis of variance. Bud sizes, 
culture media and days of culture were then 
pairwise compared using ranks (LSD test) at 0.05 
significance level. 

RESULTS AND DISCUSSION 

Developmental Stage 
Cytological analysis of soybean cultured anthers 
was carried out to determine the developmental 
stage at inoculation time and microspore 
segmentation throughout the culture period. Fig. 1 
shows the main stages found in propionic-carmine 
analysis. The results obtained at inoculation time 
are summarized in Fig. 2. Flower buds with 2.5-

2.9 mm in size presented some cells at meiosis 
(4.99 %). The most frequent stage was uninucleate 
microspore (57.15 %). Uninucleate and binucleate 
asymmetrical pollen grains were the most frequent 
stages (51.66% and 46.53% respectively) in flower 
buds with 3.0 - 3.5 mm in size.  
Symmetrical mitotic division of microspores has 
been considered as one of the main routes in 
androgenetic induction (Zaki and Dickinson, 1990; 
Zhao et al., 1996). Symmetricity of nuclear 
division has been suggested as an important factor 
to switch the gametophytic program of the pollen 
grain toward the embryogenic pathway (Smýkal, 
2000). The occurrence of symmetrical binucleated 
pollen was reported in soybean and it is one of the 
possible routes for callus formation (Yin et al., 
1980; Kaltchuk-Santos et al., 1997).  

Figure 1 - Main stages found in propionic-carmine analysis. a) tetrade; b) binucleate 
asymmetrical pollen grain; c) binucleate asymmetrical starch filled; d) 
binucleate symmetrical without cell wall; e) bicellular symmetrical pollen grain; 
f) multinucleate. Bars=10 µm.
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Cytological analysis was performed using samples 
of anthers on the first 20 days of culture. 
Considering the importance of symmetrical (Fig. 
1d and 1e) and multinucleate (Fig. 1f) pollen 
grains for callus and embryo formation, the 
statistical analysis only included this information. 
Data are summarized in Table 1. As a general rule, 
the frequencies of binucleate symmetrical and 
multinucleate pollen grains increased during the 
culture period. The overall mean of binucleate 
symmetrical pollen was 0.019 for bud size 2.5 - 
2.9 mm and 0.034 for 3.0 - 3.5 mm. For 
multinucleate pollen grains, the means were    
0.004 for 2.5 - 2.9 mm buds and 0.007 for buds  
3.0 - 3.5 mm in size. Similar frequencies were 
reported for cv IAS-5 in a previous study 
(Kaltchuk-Santos et al., 1997). 
Although the results suggested a possible effect of 
flower size on the formation of binucleate 
symmetrical and multinucleate pollen grains, the 
statistical analysis did not show significant 
differences between ranks when using LSD test to 
compare groups. Similarly, the results indicated 
that media composition had no influence on the 
segmentation pattern. The overall means for 
binucleate symmetrical pollen grains were 
identical (0.026) on both media tested. Very 
similar means were obtained for multinucleate 
pollen grains: 0.005 for B5 media and 0.006 for 
B5 long media. These data indicated that the 
additional compounds present in B5 long media 
were not essential to trigger the androgenetic 
pathway. Therefore, the B5 medium could be used 
as a basal medium for soybean anther culture. 

Viability of Pollen Grains 
Table 2 shows the results of two pollen viability 
assays - propionic-carmine and FDA - during the 
first 20 days of culture. These methods are 
currently used for evaluating pollen quality, and 
both are correlated with pollen germinability 
(Heslop-Harrison et al., 1984; Trognitz, 1991). 
Ordinary staining procedures, as propionic 
carmine (Fig. 3a), usually overestimate pollen 
viability. FDA test (Fig. 3b) implies that the 
integrity of the plasmalemma of the vegetative cell 
is preserved.  This way, FDA test provides a more 
effective method for assessing pollen quality 
(Heslop-Harrison and Heslop-Harrison, 1970).   
As expected, the frequencies of viable pollen 
grains in the present study were higher with 
propionic-carmine staining when compared to 
FDA. Until the 20th day, at least 50% of the grains 

remained viable. Although the data on the 
frequency of pollen viability were not found in 
soybean, Hu et al. (1996) reported that 80% of 
anthers presented live pollens 2 months after in
vitro culture. These high frequencies of viable 
pollen grains were not a guarantee of pollen 
embryogenesis, since only a small portion of these 
grains would develop into embryos. Multinucleate 
pollen grains, which comprise just around of 1% 
of total of pollen population (Table 1), represent 
those with embryogenic potential. In Brassica,
Zaki and Dickinson (1990; 1995) reported that 
only 1.8% of microspores from cultured anthers 
followed an embryogenic pathway.  
The differences between culture media on 
frequency of viable pollen grains were not 
statistically significant in FDA (Prob>0.6755) and 
propionic-carmine (Prob>0.3605) staining assays. 
The frequencies of viable pollen grains varied 
significantly between bud sizes (Prob>0.0213) on 
the propionic-carmine analysis. Flower buds with 
3.0 - 3.5 mm in size showed lower pollen viability 
(mean= 0.748) when compared with those 2.5 - 2.9 
mm in size (mean=0.784). These results were 
probably related to the earlier microspore stage in 
flower buds with 2.5 - 2.9 mm in size at 
inoculation time (Fig. 2). 

Chromosome Doubling 
Results obtained in our laboratory showed that the 
androgenetic structures obtained were often 
diploid (unpublished data). Therefore, it was not 
clear whether these structures were formed from 
somatic tissue or from microspores in which 
spontaneous chromosome doubling occurred.  
Another possible source are abnormal unreduced 
gametes (Collins et al., 1974).  
Since metaphase last for a short time, it is usually 
hard to visualize it in microspores. Nevertheless, 
the number of metaphasic cells recorded in the 
present study allowed a more detailed analysis. 
Table 3 shows chromosome counts throughout the 
culture period. In addition to the microspores with 
normal chromosome number (n=20, Fig. 4a), we 
observed microspores in higher numbers (n=40, 60 
and 80, Fig. 4b and 4c). The first microspores with 
chromosome doubling were observed 5 days after 
culture initiation. 
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Figure 2 - Percentage of each type of pollen grain at inoculation time.  I=uninucleate; II-
asy=binucleate asymmetrical; II-sym=binucleate symmetrical; II asy-
s=binucleate asymmetrical starch filled; Multi=multinucleate.
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Table 1 - Frequencies of binucleate symmetrical and multinucleate pollen grains for IAS-5 soybean cultivar  
through the culture period. 

Media Bud size 
(mm) 

Days after 
inoculation  

Number 
of cells 

Mean for binucleate 
symmetrical pollen 

grains 

Mean for multinucleate 
pollen grains 

0 7722 0.0012 0.0017 
5 4958 0.0058 0.0037 
10 4299 0.0182 0.0021 
15 3822 0.0359 0.0049 

2.5 - 2.9 

20 5546 0.0329 0.0091 
0 15945 0.0003 0.0007 
5 6830 0.0198 0.0021 
10 5247 0.0510 0.0062 
15 5591 0.0381 0.0076 

B5 

3.0 - 3.5 

20 6740 0.0634 0.0149 
0 11492 0.0001 0.0001 
5 6163 0.0120 0.0008 
10 4941 0.0310 0.0037 
15 4971 0.0236 0.0065 

2.5 - 2.9 

20 4788 0.0302 0.0118 
0 15791 0.0004 0.0000 
5 6895 0.0161 0.0023 
10 7672 0.0305 0.0060 
15 5602 0.0626 0.0097 

B5 long 

3.0 - 3.5 

20 6216 0.0593 0.0023 

Figure 3 - Pollen viability tests, showing viable and nonviable pollen grains. a) propionic-
carmine staining procedure; b) FDA fluorochromatic reaction. v=viable; 
n=nonviable. Bars=10 µm
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Table 2 - Frequency of viable pollen grains through the culture period for two staining methods.  

Propionic-carmine FDA 
Medium Size (mm) Days after 

inoculation 
Mean for viable pollen Mean for viable pollen 

0 0.941 0.506 
10 0.785 0.646 
15 0.716 0.587 

2.5 - 2.9 

20 0.737 0.552 
0 0.922 0.542 
10 0.714 0.605 
15 0.671 0.564 

B5 

3.0 - 3.5 

20 0.642 0.549 
0 0.963 0.504 
10 0.742 0.616 
15 0.726 0.547 

2.5 - 2.9 

20 0.683 0.537 
0 0.945 0.577 
10 0.717 0.621 
15 0.689 0.562 

B5 long 

3.0 - 3.5 

20 0.688 0.530 

By day 10, most of the metaphasic microspores 
had their chromosome number duplicated. These 
data suggested that in vitro culture conditions 
could induce chromosome duplication. On top of 

that the increase in the ploidy level occurs at an 
early stage of culture. Similar findings were also 
reported by Chen et al. (1984) and Henry (1998). 

Table 3 - Frequencies of microspores with chromosome doubling throughout the culture period.  
Days Number of microspores in metaphase Microspores with chromosome doubling 

0 129 - 

5 26 13 (50%) 

10 161 134 (83.23%) 

15 8 6 (75%) 

20 4 - 

The data suggested spontaneous diploidization, 
which might be caused by nuclear fusion. 
According to Chen et al. (1984), nuclear fusion in 
barley usually takes place between the products of 
the first mitosis in symmetric or asymmetric pollen 
grains. Therefore, the fusion can occur between 
identical nuclei or between vegetative and 
generative nuclei in interphase. This event is 
favored by the lack of cellular wall and 
synchronous mitosis.    
We observed lack of cellular wall in binucleate 
symmetrical and multinucleate pollen grains of 
soybean (Fig. 1d and 1f). Synchronous mitosis 

(Fig. 4d) was also observed. In addition, the 
occurrence of adjacent nuclei suggests the 
possibility of fusion (Fig. 4e and 4f). Similar 
pictures were presented by Sunderland et al. 
(1974) and Chen et al. (1984). 
Spontaneous chromosome duplication in 
microspore or anther culture was reported for 
many species. In rice, the ploidy level of 
androgenetic plants varies from haploid to 
pentaploid (Nishi and Mitsuoka, 1969). In Datura
studies have shown that 2n, 3n and 4n plants were 
produced in addition to the regular haploid type 
(Sunderland et al. 1974). Wilson et al. (1978) 
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reported haploid, diploid, polyploid and mixoploid 
callus production in barley. 
Spontaneous diploidization might occur at a high 
frequency in some species. In Brassica, some 
genotypes can reach 30 to 40% of pollen- and 
microspore-derived embryos with increased ploidy 
level (XuHan et al., 1999). Martin and Widholm 
(1996) reported that 20% of the embryo-like 

structures obtained in maize anther culture were 
diploid.  
Spontaneous doubling of chromosomes in anther 
culture is highly desirable, thus avoiding artificial 
chromosome doubling, which is time-consuming  
and  tedious.  The high frequency of spontaneous 
diploidization presented for IAS 5 cv. on this study 
suggest that chromosome doubling by colchicine 
treatment could be eliminated in soybean. 

Figure 4 - Evidences for spontaneous chromosome doubling. a, b and c: metaphasic pollen 
grains. a) n=20 (normal); b) n=40; c) n=60. d) Synchronous mitosis in a pollen 
grain. e) and f):  pollen grains with similar nuclei appearing to undergo fusion. 
Bars=10 µm.
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RESUMO 

Anteras obtidas de botões florais da cultivar IAS-5 
de soja foram cultivadas em dois meios de cultura 
basais (B5 e B5 longo). Análises citológicas das 
anteras cultivadas in vitro foram realizadas durante 
os primeiros 20 dias de cultura, a fim de avaliar a 
viabilidade (por testes de carmim propiônico e 
FDA) e o estágio de desenvolvimento dos grãos de 
pólen. As freqüências de grãos de pólen viáveis 
variaram significativamente entre os tamanhos de 
botões florais na análise com carmim propiônico.  
O meio de cultura basal e o tamanho do botão floral 
não têm um claro efeito nas freqüências de pólens 
binucleados simétricos e multinucleados. Contagens 
cromossômicas de micrósporos metafásicos ao 
longo do período de cultura mostraram nível de 
ploidia superior ao normal (n=20).
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