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ABSTRACT

In the last three decades, research on soybeanospore embryogenesis was restricted to anther i&yltarhich
presents limitations such as the small number epoesive microspores and the high embryogenic patesf
sporophytic tissues. Therefore, a sequence ofegudas performed to establish appropriate cond#ifor the
isolation and culture of soybean microspores anllepograins as an alternative to anther culturerdtj a pollen
and microspore isolation technique was developadguioral buds from four soybean cultivars (BradgS 5,
MG/BR-46 Conquista and BRSMT Uirapuru). This teghaiallowed the establishment of cultures withsattory
density and characteristics. Subsequently, diffecetiure conditions were tested. Although B5 arl idedia have
been currently recommended for soybean anther reylthe best result was obtained in PTA-15 modifiestlium,
with the formation of enlarged microspores and 0.4%multicellular pollen grains in the cultivar BRI
Uirapuru.

Key words: AndrogenesisGlycine max microspore culture, microspore embryogenesisrogfiore isolation,
soybean

INTRODUCTION known to trigger microspore embryogenesis
favored the occurrence of embryogenesis from
Soybean Glycine maxL. Merrill, 2n=2x=40) sporophytic tissues (Rodrigues et al., 2004a).
microspore embryogenesis has been tried since thgolated microspore culture could provide better
early 1970s (Tang et al., 1973; Ivers et al., 1974)onditions for androgenic plant production in
mainly through anther culture (Hu et al., 1996)soybean. However, to the best of our knowledge,
However, a protocol for haploid and double-no consistent information is available concerning
haploid plant production is not available so farsoybean microspore isolation. In an extensive
Two main factors account for the lack of succesgeview, Hu et al., (1996) referred a single report, in
in soybean anther culture. First, the smalwhich D.P. Liu and G.L. Zhao claimed to have
proportion of gametophytic pathway deviationobtained macroscopic calluses from isolated
recorded in microspores and pollen grains (Yirsoybean microspores in 1986.
et al., 1982; Kaltchuk-Santos et al., 1997). Secondp  addition, soybean floral buds possess
using SSR marker (Rodrigues et al., 2004b) anghorphological features that make it difficult to
histological analysis (Rodrigues et al., 2005b), iisolate viable male cells under aseptic conditions:
was proved that culture conditions currentlyi) trichomes covering the bud outer surfaces
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obstacle disinfestation and obstruct filtration; ii)(previously tested); discarding 7Qd. medium;
immature soybean anthers do not respondnto and resuspension in the same volume of liquid
vitro stimuli to spontaneous dehiscence; iii) themedium. The number of washes (0, 1, 2, 3 and 4)
number of microspores per floral bud is very low,was tested. Each combination (cultivar x number
iv) floral buds that contain higher proportion of of washes) was repeated twice. The quality of the
microspores and early pollen grains are very smaduspensions was evaluated in 80 samples of
(3-3.5 mm in length), which cause difficulty in each aliquot. Microspores were counted, staged
manual anther dissection; and v) 3-3.5 mm florahnd classified on glass slides under a Zeiss
buds from different genotypes present differenpxioplan Universal microscope. An average of
stages of microsporogenesis and300 observations per slide was performed.
microgametogenesis. Constituent elements of the suspension were
In order to establish appropriate conditions for thelassified as: tetrads; whole microspores and
isolation and culturing microspores and pollempollen grains; non-viable or plasmolyzed
grains, a sequence of tests was carried oOuUficrospores; burst microspores; whole
Considering the limitations above mentioned, itsporophytic anther cells; and burst sporophytic
was necessary to adapt an isolation procedurgnther cells (=debris). The normality test and
using different genotypes and, subsequently t@nalysis of variance (ANOVA) were performed on
establish microspore cultures. The effects ofhe data.

medium constitution and genotypes were tested.

Culturedensity test
Floral buds from 4 cultivars were submitted to the

MATERIAL AND METHODS isolating technique developed in the previous test.
Suspensions were obtained using androeciums
Plant material from 4, 8 and 12 floral buds per mL of medium,

Plants of soybean cultivars Bragg, MG/BR-46with 5 repetitions. The density of the whole
Conquista, IAS 5 and BRSMT Uirapuru weremicrospore and pollen grains was scored using a
grown in a growth chamber with a 14hhemacytometer. The normality test, ANOVA and
photoperiod, light intensity of 13,500 lux andanalysis of regression were performed on the data.
temperature of 26£€. Floral buds used in the test

of PTA-15 modified medium were obtained fromMicrospor e viability test

plants grown in an experimental field localized atMicrospores from 3-3.5 mm floral buds of cultivar
latitude 30°03'S and longitude 51°10'W, withoutBRSMT Uirapuru were isolated in sterile
water-stress and in soil conditions recommendedonditions, according to the previous isolation and
to soybean crop in South of Brazil. Fordensity tests, in order to obtain a suspension with 5
disinfestations, 3-3.5 mm floral buds werex 10' cells mL®. The following factors were
sequentially immersed in 70% ethanol for 1 mintested: two culture media [B5 and MS (Murashige
1% NaOCI with a drop of detergent for 12 min andand Skoog, 1962) including salts and vitamins];
washed three times in sterile®l A total of 4,045 sucrose concentration (60 and 120 9§ and pH

mL of suspensions was produced. (6.0 and 6.4) in a triple factorial design. The
suspension was divided into 1 mL aliquots, placed
Microspor e isolation test in Cornind" plates (6 wells) and incubated at

Androeciums were dissected from 3-3.5 mnmR26+1°C in darkness. Each combination was
immature floral buds, gently macerated with aepeated 5 times. Microspore viability was

glass rod and suspended in 4.5 mL liquid mediurdetermined by fluorochromatic reaction to

+ 0.5 mL propionic-carmine (0.6%) in a 50 mL fluorescein diacetate (FDA) (Heslop-Harrison and
Erlenmeyer flask. The crude extract containingHeslop-Harrison, 1970) in samples at 0 and 28
~80 anthers mL was stirred for 4 min. The days of incubation. Microspore responses during
culture medium was B5 (Gamborg et al., 1968kulture were analyzed in fresh material sampled at
with 60 g L* sucrose at pH 6.4. Aliquots of 1 mL 0, 14, 28 and 42 days, mixed with a drop of
of crude extract were filtered through a Bim  propionic-carmine on a glass slide, covered under
nylon mesh screen and washed with the samee cover slip, and analyzed under the microscope.
medium by: centrifugation at 2000 rpm for 3 minThe normality test, ANOVA and correlation
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analysis were performed. As a rule, when the bud length was 3 to 3.5 mm,
meiosis ended and only a small number of tetrads
Culturein PTA-15 modified medium and mostly microspores and pollen grains
Microspores of cultivars MG/BR-46 Conquista,remained. However, floral buds having the same
IAS 5 and BRSMT Uirapuru were isolated insize presented differences in the
PTA-15 (Skinner and Liang, 1996) modified microsporogenesis and microgametogenesis stages
medium following the procedure above describedwhen comparing different soybean cultivars
Aliquots of 500uL (density 5x10cells mL*) were  (Lauxen et al., 2003). Floral buds of IAS 5
placed in Corning" plates (24 wells) under two presented  anthers in  more  advanced
conditions: liquid medium and double phasemicrosporogenesis stages while the other cultivars
medium (liquid spread on 8 g'lLagarose gelled had anthers containing more than 94% of
medium). Four repetitions were used for IAS-5microspores (Figure 1a). When microspores were
and eight for MG/BR-46 Conquista and BRSMTisolated,the percentage of degraded microspores
Uirapuru. Cultures were incubated at 28%1in  (whole but non-stained or plasmolyzed) was
darkness. Microspore viability was determined bysignificantly higher for IAS 5 (Pr>F=0.0001).
fluorochromatic reaction to FDA in samples at GANOVA did not detect a significant effect of the
and 28 days of incubation. Microspore responsesumber of washes on the percentage of degraded
during culture were analyzed under themicrospores (Pr>F=0.8825).
microscope at 0, 14, 28 and 42 days of incubatiofhe constituent elements of the suspension were a
in samples fixed in Farmer's solution (100%small proportion of burst microspores and
ethanol: glacial acetic acid, 3:1) and stained witlsporophytic cells and a majority of whole
propionic-carmine. Fifty four samples weremicrospores and pollen grains (Figure 1b). The
collected from BRSMT Uirapuru suspensioncategory of whole microspores included either
before culturing and analyzed simultaneously bytained or non-stained microspores. The
fluorochromatic reaction to mithramicin accordingpercentage of burst microspores was not
to Coleman and Goff (1985) and propionicsignificantly different among cultivars
carmine staining. The normality test, ANOVA and(Pr>F=0.1019) and decreased significantly with
correlation analysis were performed. the number of washes (Pr>F=0.0086). This
observation indicated that bursting preceded
washes, resulting from the maceration procedure.

RESULTSAND DISCUSSION Concerning the proportion of debris, a difference
was detected among genotypes. Cultivars Bragg
Microsporeisolation test and IAS 5 presented a significantly higher

Due to the morphological features of floral budsproportion of debris when compared to MG/BR-46
isolation of soybean microspores demandconquista and BRSMT Uirapuru (Pr>F=0.0001).
individualized and selective removal of theAfter the first wash, the proportion of debris
androecium, to avoid that bracts are included iflecreased significantly (Pr>F=0.0001).

the crude extract. After removal of theThe occurrence of whole sporophytic cells in
androecium, maceration with a glass rod followe@ulture was rare, ie. 5 out of the 12,272
by magnetic stiring were essential forobservations and it could be accounted for mesh
fragmentation of staminal tissues and microsporgore widening. In the subsequent experiments, the
release from the sporangia. Due to the lack ofareful examination of the mesh under a
intercellular adhesion, few microspores burstegtereomicroscope avoided the presence of whole
during this step. Magnetic stirring was alsosporophytic cells in culture. After three washes,
suitable to isolatédryza sativa(Cho and Zapata, the suspension presented suitable quality to
1990) andMalus domesticaHofer et al., 1999) establish cultures. The same number of washes
microspores.  According to our previouswas used to isolate microspores Zea mays
observations, the microspores of the soybeafiiuang and Keller, 1989; Pretova et al., 1993),
cultivars tested in the present study presented d#fassicaspecies (Huang and Keller, 1989; Barro
average diameter of 25 pm. Thus, a 37 pm por@nd Martin, 1999; Dias, 1999) analus

was appropriate for filtering it, although this poredomestica (Hofer et al., 1999). The technique
size allows the passage of tetrads. described here allowed the establishment of

suspensions containing microspores and pollen
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grains. In order to separate homogeneousomplement the technique, for instance, by means
populations, exclusively with microspores orof Percoll density gradient centrifugation (Kyo and
pollen grains, it would be necessary toHarada, 1986).
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Figure 1 - Microspore isolation tes. Percentage of microspores in the suspension autain
from 3-3.5 mm floral buds according to developmergiage of four soybean
cultivars (IAS 5, Bragg, MG/BR-46 Conquista and BRS Uirapuru). B.
Percentage of constituent elements of suspensicording to number of washes.
Cultivars IAS 5 and Bragg (above) and cultivars MB/46 Conquista e BRSMT
Uirapuru (below) were separated as a consequerstatedtical differences.

Culturedensity test (Pr>F=0.0004) showed highly significant effects
Culture density has an important role in theon density, without interaction between sources of
proportion of responsive microspores. Usuallyyariation (Pr>F=0.3821). The cultivar Bragg
microspore density in culture varies from*1® displayed the highest number of microspores (Fig.
10° cells mL. Very low embryo yields were 2). The overall average were 5.7 X’ t@lls mL*
found at microspores densities lower than 2 % 10n Bragg, 4.1 x 10in BRSMT Uirapuru, 3.8 x T0

in B. oleracea(Duijs et al., 1992). Both number of in MG/BR-46 Conquista and 3.1 x L IAS 5.
floral buds ml* (Pr>F=<0.0001) and genotype These differences determined a significant linear
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regression equation for each cultivar. Theand cultivars. This observation indicated that
correlation coefficient (r) between number of budsulture density should be adjusted for each
and density was significant for three out of fourisolation procedure. Obtaining an appropriate
cultivars, except for IAS 5. This result could beculture density is a very laborious task in soybean.
accounted for the advanced stage offo obtain 10 mL of suspension with 5 x*Ills
microgametogenesis (Figure 1a). MicrosporenL™, it was necessary to dissect androeciums of
release from sporangia and passage through mes80 to 170 floral buds. For comparison, 15 to 20
screen became progressively less efficient alonBetuniabuds (Sangwan and Norrel, 1975) and 10
bud development due to tissue rigidity andB. napusbuds (Huang and Keller, 1989) were
volume. enough to produce 10 mL of liquid culture with a
Despite the significant r, the final density varied aslensity of 1 x 1band 2 to 3 x 1%) respectively.

a consequence of differences among anthers, buds

90000+

Density (microspores per mL)

Ol L) 1
4 8 12

Number of floral buds per ml

¢ Bragg ® Uirapuru A Conquista ®IAS5

Figure 2 - Culture density test. Trend lines relating tleniber of floral buds of four soybean
cultivars and the density (microspores and pollexing per mL of culture) in the
final suspension. Linear regression equation: Bragg 6250x + 7000
(r=0,5921*); BRSMT Uirapuru: y= 5562x + 3333,3 (18858*); MG/BR-46
Conquista: y= 6125x -10833,3 (r=0,7852*); and IASy5 3062,5x + 6833,3
(r=0,4422, non-significant).

Microspor e viability test between (r) carmine and FDA results was not
Table 1 shows the results of assessment aignificant either at the beginning of the culture (r
microspore stainability by propionic-carmine and= -0.296) or after 28 days (r = 0.054). This result
fluorochromatic reaction to FDA. The percentageconfirmed previous observations that the two
of fluorochromatic reaction (35% in average) wasnethods provided different inferences on the
lower than that observed previously in freshevaluation of microspore response to culture
anthers (approximately 50%; data not shown). ThéRodrigues et al., 2005a). ANOVA detected
percentage of carmine-stained microspores wasgnificant effects of media (Pr>F=0.0301) and pH
higher than the percentage of microspores thgPr>F=0.0108) on decreasing microspore viability
reacted to FDA. The correlation coefficientafter 28 days of culture. Although the effect of
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sucrose concentration was not significanwvegetative and generative nuclei and is useful to
(Pr>F=0.3333), there was significant interactiorfollow cell division and events causing
between medium and sucrose concentratiodegradation. The disadvantage is that carmine
(Pr>F<0.0001). Decrease of viability was smalleindiscriminately stains both live and dead cells.
when 60 g [ sucrose was combined with B5 Only two multicellular structures were found out
medium (Table 1). of the 12,272 observations: a four-celled structure
Viability of microspores cultured in B5 medium in MS medium (not shown) and an eight-celled
with 60 g L* sucrose and pH 6.4 was higher afteone in B5 medium (Fig. 3c). The latter had a
28 days than at the beginning of the culture (Tablganslucent covering similar to callose. Although
1). This result could be accounted for experimentauch structures were forméuvitro, there was no
error, such as defective sampling and variation oavidence of their haploid origin. Anyway callose
the optimum moment of fluorescein retention bydeposition has been thought to be a prerequisite
plasmalema (Heslop-Harrison and Heslopfor embryogenesis (Verdeil et al., 2001). The
Harrison, 1970). Carmine squashes have been uskigher survival of microspores in B5 indicated that
to determine the nature of the embryogenitchis medium provided chemical and physical
microspores since the first description of planconditions for cell maintenance, but not
androgenesisin vitro (Guha and Maheshwari, necessarily to trigger embryogenesis.

1966). Carmine allows a distinction between

Table 1 - Fluorochromatic reaction to FDA and stainabilibypropionic-carmine in microspores and pollengga
of cultivar BRSMT Uirapuru at 0 and 28 days of audt in different culture media. The columpasshow the
difference between day 0 and 28.

Treatments Fluorochromatic Propionic-carmine
reaction to FDA staining

Medium  Sucrose pH Day 0 Day 28 # Day 0 Day 28 #
B5 60 6.0 29 22 7 99 99 <1
B5 60 6.4 31 39 -8 99 97 2
B5 120 6.0 37 19 18 99 96 3
B5 120 6.4 33 16 17 99 99 <1
MS 60 6.0 45 23 22 96 91 5
MS 60 6.4 40 20 20 97 85 12
MS 120 6.0 36 22 14 94 85 9
MS 120 6.4 28 25 3 97 82 15

General average 35 23 12 98 92 6

Culturein PTA-15 modified medium structures similar to those already recorded in B5

In Medicago sativamicrospore culture, the PTA- and MS media were also observed.

15 medium was used to trigger microsporelypical embryogenic events were observed in the
embryogenesis. In the isolation procedure, th®TA-15 modified medium, including enlargement
pelleted microspores were resuspended in PTA-1&f the microspore size (Sangwan and Norrel, 1975;
liquid and spread on PTA-15 gelled with agar oHéfer et al., 1999) and multicellular pollen grain
Gelrite (Skinner and Liang, 1996). Therefore formation (Fig. 3b). Multicellular pollen grains
PTA-15 modified medium was tested in bothpresented 3 to 5 cells, sometimes varying in size
liquid and double phase in soybean microsporbut with similar nuclei, without vegetative and
culture. A total of 24,218 carmine-staininggenerative features. The multicellular pollen grains
observations was scored from samples at 0, 7 amacurred indiscriminately in double phase and
14 days of culture. Degraded (non-stained antiquid medium, but at very low frequencies: only 7
plasmolysed) microspores represented arounout of 3,688 (0.2%) microspores in IAS 5 and 29
1.5% of thetotal. This value was lower than thoseout of 7,173 (0.4%) in BRSMT Uirapuru. In the
obtained in B5 and MS media. Multicellular latter cultivar, the structures presented a higher
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number of cells. Microspore viability evaluated bywere analyzed. The fluorochrome allowed
FDA decreased to 21, 28 and 1% in MG/BR-46significant better characterization of the

Conquista, IAS 5 and BRSMT Uirapuru, morphology of typical and atypical nuclei.

respectively, after 28 days of culture, ANOVA detected significant differences between
independently of theccurrence of embryogenic observations obtained by the two techniques
events. applied to the same samples (Pr>F<0.001).
Comparing fluorochromatic reaction to Symmetrical nuclei in pollen grains before culture
mithramycin and stainability to propionic-carmine,were recorded only by means of fluorochromatic
a total of 26,236 microspores and pollen grainseaction to mithramycin (Fig. 3a).

b i}c ——

Figure 3 - Isolated microspores and pollen grains of thghean cultivar BRSMT Uirapuru.
a. Fluorochromatic reaction to mithramycin, showingital (1), symmetrical
generative-like (2) and symmetrical vegetative-l{@& nuclei in pollen grains
before cultureb. Multicellular pollen grain after 7 days of cultuin PTA-15
modified mediumc. Eight-celled multicellular structure after 14 dayf culture in
B5 medium (Bars = 20um).

Final considerations technique. The results obtained with PTA-15
Procedures developed in these laborious assageedium can be seen as a good starting result to
allowed to isolate, culture and analyme vitro achieve the recovery of androgenic plants in
responses of soybean microspores and pollesoybean. The next challenge would be to
grains in the absence of sporophytic tissues. Thaetermine culture conditions to embryo formation
isolation procedure allowed obtaining mixedand plant regeneration.

suspensions. To separate homogeneous popula-

tions, exclusively with microspores or pollen

grains, it would be necessary to complement the
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