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Abstract

Polyethylene glycol 4000, mannitol and sorbitol were tested as supplements to a liquid Finer and Nagasawa
medium-based histodifferentiation/maturation medium, FNLOS3, for soyl@lycife maxL. Merrill) somatic
embryos of ‘Jack’ and F138 or ‘Fayette’. Significant differences were found among types and levels of osmotica
for their influence on quantity of mature embryos recovered, and on germination (root and shoot emergence) and
conversion of embryos into plants. Supplementation of FNLOS3 with 5% polyethylene glycol or 1.5% sorbitol
improved germination frequencies without limiting embryo histodifferentiation. Supplementation with 3% sorbitol
resulted in a 9-fold increase in germination frequencies and a 13-fold increase in conversion frequencies of ‘Fay-
ette’ and ‘Jack’ embryos. However, these improvements were accompanied by a significant, 22% reduction in
fresh weight of mature embryos. Overall, 3% sorbitol was found to be the best of the osmotic supplements tested,
resulting in 51+ 5% conversion frequency (meanSE), as compared to# 1% in the control. Supplementation

of FNLOS3 with 3% mannitol did not improve embryo maturation.

Abbreviations: FN — Finer and Nagasawa (1988); H/M — histodifferentiation/maturation; MS — Murashige and
Skoog (1962); PEG — polyethylene glycol

Introduction further improve the maturation of somatic embryos
(Finkelstein and Crouch, 1986).
Repetitive embryogenic cultures provide dense con- Factors which determine the ability of embryos
centrations of mitotic, totipotent cells useful as target to convert into plants include the synthesis and ac-
tissues for soybearGlycine max(L.) Merr.] genetic cumulation of storage compounds, especially storage
transformation via particle bombardment (Finer and proteins, and the acquisition of desiccation tolerance
McMullen, 1991; Trick et al., 1997). While much pro- (Blackman et al., 1992; Kermode, 1995). The import-
gress has been made in developing and refining pro-ance of water relations in controlling embryo matur-
tocols for the initiation (Ranch et al., 1985), mainten- ation was proposed by Fischer et al. (1987), and has
ance (Finer and Nagasawa, 1988; Bailey et al., 1993a),been supported by evidence from both embryo culture
and conversion (Bailey et al., 1993b; Samoylov et experiments (Xu et al., 1990) aimsitu studies (Saab
al., 1998b) of soybean somatic embryo cultures, the and Obendorf, 1989). Attempts to simulate th&ivo
frequencies at which these embryos initiate and com- environment through modification of the composition
plete conversion into plants are well below that typical of histodifferentiation/maturation (H/M) media used
of zygotic embryos (Parrott et al., 1988; Komatsuda for somatic embryos showed increased storage com-
et al.,, 1992). Partial desiccation of mature somatic pound levels and desiccation tolerance (Finkelstein
embryos improves conversion frequencies (Hammatt and Crouch, 1986; Xu et al., 1990). Studies in soybean
and Davey, 1987), but efforts to better mimic the de- (Egli, 1990), alfalfa (Xu et al., 1990) and rapeseed
velopmental environment of zygotic embryos should (Finkelstein and Crouch, 1986) have shown that em-
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bryo maturation is frequently associated with a low
osmotic potential in tissues or medium surrounding
the embryo.

Samoylov et al. (1998b) developed a liquid
H/M medium, FNLOSS3, to expedite the recovery of
fertile soybean plants. Compared to the two-step,
MSOM6AC/MSOM6 solid media H/M protocol de-
scribed by Bailey et al. (1993a), the use of FNLOS3
resulted in a 3- to 4-fold increase in the number of ma-

ture, coyledon-stage embryos recovered per mg of em-

Clusters of globular-stage embryos with a compact,
nodular morphology were selected, and 100 mg of
this tissue was used per replication of each treatment.
Clusters 2—4 mm in diameter were gently crushed to
produce smaller clusters, which were then distributed
equally among the four or five flasks comprising a
replication. Triple-baffled 125-ml Erlenmeyer flasks
containing 35 ml of medium were capped with a
Bellco silicone closure (Vineland, NJ), and maintained
on a gyratory shaker (130 rpm) in 3+8nol photons

bryogenic tissue. The use of FNLOS3 also shortened m—2 s~1 of continuous cool-white fluorescent light at

the length of time required for histodifferentiation and
maturation from eight weeks to three weeks. How-
ever, germination frequencies of embryos matured on
FNLOS3 were generally lower than those of embryos
matured on MSOM6AC and MSOM6 media.

The objective of the current study was to invest-

25-27C.

All treatment media were based on FNLOS3 [FN
Lite macro salts (Samoylov et al., 1998a), MS mi-
cro salts, B5 vitaming,-asparagine, and 3% sucrose;
Samoylov et al., 1998b]. FLNOS3 was supplemented
with various levels and types of osmotica as described

igate whether supplementation of FNLOS3 medium below. Mature embryos were collected after three
(Samoylov et al., 1998b) with an osmoticum would weeks in the treatment media and weighed. Twenty-
improve germination and conversion frequencies of five embryos from each flask were partially desiccated
soybean somatic embryos. Two general types of 0s-in a 100x 15 mm Petri dish containing a ca. 1-8m
motica were evaluated: block of auxin-free medium. Plates were sealed with
— plasmolyzing (D-mannitol and D-sorbitol) and Nescofiln® (Karlan Res. Prod. Corp., Santa Rosa,
— non-plasmolyzing (polyethylene glycol, or PEG CA), and kept on a shelf in 13mol photons m? s,
4000). with a 23-h photoperiod, at 25-2T for one week.
Both types of osmotica have been shown to enhance The responses of twenty embryos from each desicca-
germination of embryos from a variety of different tion dish were evaluated by transferring ten embryos
plant species (Finkelstein and Crouch, 1986; Attree et to each of two 100« 20 mm Petri dishes containing
al., 1991). MSO (MS basal salts, B5 vitamins, 1.5% sucrose, and
0.2% Gelrite, at pH 5.8). These cultures were main-
tained at 25-27C under 63umol photons m? s1
cool-white fluorescent light, with a 23-h photoperiod.
For each treatment, the responses of 80—-100 embryos
from each replication were evaluated. Embryo selec-
tion before and after desiccation was ‘semi-random’
in that no effort was made to choose the largest em-
bryos, but pre-cotyledonary stage embryos, fasciated,
and fused embryos were avoided. Over-desiccated em-
bryos were also avoided. For all experiments, data
were taken on fresh weight of mature embryos and
on the frequency of germination and apparent con-
version after three weeks on MSO. In the final study,
frequency of actual conversion was also determined.
Germination, as used here, refers to both root and

shoot development on an embryo with an intact hy-
with a pH of 5.8. The light intensity for these cultures pocotyl (i.e., initiation of conversion to a plant), as
averaged 13:mol m=2 s~, with a 23-h photoperiod ~ described by Ranch et al. (1985). Conversion (called
provided by cool white fluorescent tubes. After two apparent conversion in the final study to distinguish
months on MSD20, embryogenic clusters were main- it from actual conversion) describes the development
tained in FN Lite (Samoylov et al., 1998a) for at Of expanded trifoliolates and branched roots on an
least one month before being used in an experiment.

Materials and methods

Plant material and culture conditions

Repetitive embryogenic cultures of ‘Jack’, ‘Fayette’,
and F138, a line derived from a ‘Fayette’Pl1 417138
cross, were initiated from immature cotyledons cul-
tured on MSD40, as described by Bailey et al. (1993a),
and then temporarily maintained on MSD20 (Wright
et al., 1991). Both media contained Murashige and
Skoog (1962) basal salts, B5 vitamins, 30 ¢ |
sucrose, and 2 gt Gelrite. MSD40 contains 180.8
uM 2,4-dichlorophenoxyacetic acid (2p);, with a

pH of 7.0, whereas MSD20 contains 9«41 2,4-D,
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P : - Figure 3. Effect of FNLOS3 supplementation with 3% mannitol
embryoin vitro. Actual conversion refers to survival or sorbitol on germination and conversion frequencies of ‘Jack’

following transfer to soil. somatic embryos (means SE).

Effects of a non-plasmolyzing osmoticum Effects of plasmolizing osmotica

Two different experiments were also conducted to
Two separate experiments were conducted to determ-evaluate the effect of FNLOS3 supplementation with
ine what effect supplementing FNLOS3 with PEG D-mannitol ancb-sorbitol on somatic embryo germin-
4000 (Fluka Chemie AG, Buchs, Switzerland) would ation and conversion. In the first experiment, ‘Jack’
have on germination and conversion of somatic em- embryos were differentiated and matured in FNLOS3
bryos. In one experiment, ‘Jack’ embryos were differ- supplemented with 3%-mannitol orb-sorbitol, with
entiated and matured in FNLOS3 supplemented with FNLOS3 used as a control. Three replications with
either 0, 5, 10, 15 or 20% PEG 4000. There were four flasks per replication were used. In the second ex-
three replications, with five flasks per replication. In periment, the effects of supplementing FNLOS3 with
a second experiment, ‘Jack’ embryos were differenti- either 0, 1.5%, or 3% sorbitol were evaluated. There
ated and matured in FNLOS3 supplemented with either were three replications, with five flasks per replication.
0, 1, 2, 3, 4, or 5% PEG 4000. There were four Two genotypes were used: ‘Jack’ and F138, a line
replications and four flasks per replication. notable for its high conversion frequency.
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Figure 4. Effect of FNLOS3 supplemented with 0-3% sorbitol on

germination and conversion frequencies Af Jack’ and B) F138 Figure 5. Effect of FNLOS3 supplemented with three different os-

(meanst SE). motic additions on germination, apparent conversion and actual
conversion frequencies of\] ‘Fayette’ and B) ‘Jack’ (means+
Influence of osmotica SE).

The best media from the previous experiments were
directly compared with one another and with unsup-

plemented FNLOS3 in the final study. ‘Jack’ and ‘Fay- Each experiment was a randomized complete block

ette’ globular-stage embryos were cultured in either gesign, and data were analyzed by analysis of variance
FNLOS3, FNLOS3 + 1.5% sorbitol, FNLOS3 + 3% ysing PC-SAS, version 6.10 (SAS Institute). Dif-

sorbitol, or FNLOS3 + 5% PEG 4000. There were four ferences were declared significant based on Fisher’s

replications of five flasks each. Data were taken on protected LSD § < 0.05). Where necessary, germin-
mature embryo fresh weight, number of cotyledonary- ation and conversion frequency data were transformed

stage embryos, germination, apparent conversion, and(aycsin . /percent) prior to analysis to correct for
actual conversion (i.e., survivak vitro). Actual con- non-normality in the data set.

version frequencies were determined by transplanting

embryos classified as germinated and those with roots

and a visible, but undeveloped, shoot apical meristem Results and discussion

to a 1:1 mixture of sand and Fafard Mix #2 (Conrad

Fafard Co., Agawam, MA). Converted embryos were plasmolyzing osmotica, such as sugar alcohols, read-

gradually acclimated to ambient humidity, and percent ||y pass through the cell wall and cause temporary

survival was recorded after 19 days. plasmolysis until their movement into the cytosol
leads to osmotic recovery (Attree and Fowke, 1993).
In contrast, PEG molecules are too large to move
through the cell wall and do not cause plasmolysis.

Data analyses
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Non-plasmolyzing osmotica are more effective in pro- fresh weights of embryos from FNLOS3 supplemen-
moting somatic embryo maturation in some conifer ted with 10-15% PEG were significantly lowep (
species (Attre et al., 1991). < 0.05) than those of embryos from FNLOS3. None
At the beginning of desiccation, most embryos had of the lower concentrations of PEG (1-5%) tested in
changed color from dark-green to yellowish-green, in- the second experiment significantly decreased embryo
dicating physiological maturity and quiescence (Tek- mass, but 5% PEG was the only concentration which
rony et al., 1979; Saab and Obendorf, 1989; Komat- significantly improved embryo germination and con-
suda et al., 1992). The rate and degree of desiccationversion p < 0.01) compared to the control (Figure 2).
of mature embryos is crucial to their subsequent ability Supplementation with 5% PEG was therefore the best
to germinate (Obendorf et al., 1998), and the small compromise between improved embryo conversion
block of semi-solid medium included in the desic- and decreased fresh weight of mature embryos.
cation plates served to modulate this process. Even
small tears in the Nescofilm, however, permitted over- |pjtial evaluation of plasmolzyzing osmotica
desiccation of embryos if not detected within one or

two days. Over-desiccated embryos were brown in |nclusion of 3% mannitol failed to improve germin-
color and never germinated, so they were excluded ation and conversion frequencies of ‘Jack’ embryos
from evaluations of germination and conversion fre- (Figure 3). Approximately 60% of embryos which
quencies. matured in the medium containing mannitol exhibited
Following germination, many embryos exhibited unusual longitudinal cracks in the hypocotyl (i.e., per-
hypocotyl fracturing, whereby a transverse fracture or pendicular to the hypocotyl fractures typical of other
a region of dedifferentiated tissue developed across embryos), which generally prevented conversion. Ad-
the hypocotyl, generally 3-6 mm below the cotyle- dition of 3% sorbitol resulted in a 2-fold increase in
dons. Hypocotyl fracturing may result from tearing the germination and conversion frequencies, in com-
of the epidermis and collapse of internal tissue, sim- parison with unsupplemented FNLOS3 (Figure 3). The
ilar to what Wakui et al. (1999) observedirassica  reason(s) for the superiority of sorbitol over man-
napusembryos. Embryos with this condition were not njtol is not known, but Mhaske et al. (1998) reported
counted as germinated or converted, though many hadthat 10.9% sorbitol promoted accumulation of trigly-
begun to germinate. Some hypocotyl fracturing was cerides in peanut somatic embryos, whereas the same
observed on embryos matured in all treatment me- level of mannitol did not. Adding 3% of either sugar
dia, but was less common among embryos matured in glcohol to FNLOS3 resulted in significant reductions

some media with osmotic supplements. in the mass of mature embryos, ranging from 24%
(sorbitol) to 43% (mannitol). Similarly, mannitol used

Initial evaluation of PEG as an osmoticum has been found to reduce dry matter
accumulation by seeds culturgdvitro (Egli, 1990).

Globular-stage embryos transferred to a medium con-  In the subsequent study, ‘Jack’ embryos matured

taining 20% PEG 4000 failed to histodifferentiate and in FNLOS3 with 3% sorbitol had the highest germin-
became necrotic, so this treatment was dropped from ation frequencies, and conversion was improved with
the first experiment. All media with 5-15% PEG both 1.5% and 3% sorbitol, with no significant differ-
enhanced ‘Jack’ embryo conversion relative to un- ence between these two concentrations (Figure 4A).
supplemented FNLOS3 (Figure 1A). Embryos from Germination and conversion frequencies of ‘Jack’ em-
FNLOSS3 supplemented with 10% PEG exhibited the bryos from all media were lower than those from the
highest mean germination frequency (87%), though previous experiments, probably due to differences in
differences between treatments were not significant. the quality of the cell lines used. Supplementation
Supplementation with 10% PEG resulted in 68% con- with 3% sorbitol significantly reduced the fresh weight
version, which was significantly highep (< 0.01) of ‘Jack’ embryos by 43% (Figure 4B) and that of
than conversion frequencies from other treatments. F138 embryos by 26%. Supplementation with 1.5%
Only about 7% of embryos matured in FNLOS3 con- sorbitol did not significantly reduce the fresh weight of
verted, and both the 5% and 15% PEG media were ‘Jack’ embryos, but caused a significant 14% decrease
superior (Figure 1A). Increasing the concentration of in the mass of mature F138 embryos. Differences
PEG in the medium caused a reduction in the fresh among treatment effects on germination of F138 were
weight of mature embryos (Figure 1B). The mean not significant based on analysis of transformed data.
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Figure 6. Photo of ‘Jack’ embryo responses to three different maturation megi&NLOS3, 8) FNLOS3 + 1.5% sorbitol,§) FNLOS3 + 3%

sorbitol, and P) FNLOS3 + 5% PEG.

Differences among treatments for conversion frequen-
cies of F138 were also not significant. Combined
analysis showed highly significant differences <

version, and actual conversion above all other treat-
ments (Figure 5B). Supplementation with either 1.5%
sorbitol or 5% PEG to FNLOS3 resulted in significant,

0.01) between genotypes and among treatments, butbut smaller improvements in germination and apparent

no genotypex medium interaction was detected.

Final assessment of best osmotic supplements

Supplementation of FNLOS3 with 3% sorbitol sig-
nificantly (p < 0.01) decreased the fresh weight of
mature ‘Fayette’ embryos relative to the unsupplemen-
ted control (16.8 g vs. 23.6 @), but resulted in a 6-fold
increase in germination, apparent conversion, and ac-
tual conversion frequencies (Figure 5A). Adding 1.5%
sorbitol or 5% PEG did not reduce embryo fresh
weight, but also did not significantly improve germin-
ation or conversion in this study. The mean number of
cotyledonary-stage ‘Fayette’ embryos recovered from
100 mg of globular-stage embryos ranged from 654 to
812 for different treatments, but these differences were
not significant due to variation among replications
within treatments.

Adding 3% sorbitol also significantlyp(< 0.01)
improved ‘Jack’ embryo germination, apparent con-

conversion, and the effects these supplements were
not significantly different (Figure 5B). The average
number of ‘Jack’ cotyledonary embryos obtained from
100 mg of globular-stage embryo clusters ranged from
795 to 864 for the four treatments, with no significant
differences.

Analysis of the combined data for ‘Jack’ and
‘Fayette’ revealed a significant differenge £ 0.05)
between the genotypes for total fresh weight, with the
mean mass of ‘Jack’ cotyledonary embryos slightly
higher than that of ‘Fayette’ embryos (22.9 g vs.
21.0 g). An equivalent number of embryos was ob-
tained from the two genotypes. Significant differences
(p < 0.01) between treatments were found for total
fresh weight, germination, and both apparent and
actual conversion frequencies.

Because of the inverse relationship between em-
bryo conversion potential and the mass of mature em-
bryos recovered, it is important to use supplementary
osmotica at levels which afford a compromise between
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improved embryo response and impediment of his- Egli DM (1990) Seed water relations and the regulation of the
todifferentiation. Although supplementation with 3% duration of seed growth in soybean. J. Exp. Bot. 41: 243-248

. - . Finer JJ & McMullen MD (1991) Transformation of soybean via
sorbitol caused a moderate decrease in fresh Welght’ particle bombardment of embryogenic suspension culture tissue.

there was still a 220-fold increase in weight during In Vitro Cell. Dev. Biol. 27P: 175-182
histodifferentiation and maturation, so the improve- Finer JJ & Nagasawa A (1988) Development of an embryogenic
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. . . Cell Tiss. Org. Cult. 15: 125-136
for the decrease in weight relative to unsupplemented Finkelstein RR & Crouch ML (1986) Rapeseed embryo develop-

FNLOS3. ment in culture on high osmoticum is similar to that in seeds.
Saab and Obendorf (1989) monitored water and  Plant Physiol. 81: 907-912
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. . . . . Hammatt N & Davey MR (1987) Somatic embryogenesis and plant
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following histodifferentiation might improve embryo  Kermode A (1995) Regulatory mechanisms in the transition from

; : ; ; seed development to germination: interactions between the em-
maturation without producing a negative effect on bryo and the seed environment. In: Kigel J & Galili (eds) Seed

the number Qf cotyledonary-stage embryos recovered. peyelopment and Germination (pp 273-332). Marcel Dekker,
However, this would add another step to the current Inc., New York
protoco'l which a|ready allows recovery of hundreds Komatsuda T, Lee W & Oka S. (1992) Maturation and germination

. . of somatic embryos as affected by sucrose and plant growth reg-
of embryos from Only 100 mg of hlghly embryOQemC uators in soybeanSlycine gracilisSkvortz andGlycine maxL.)

tissue. Merr. Plant Cell Tiss. Org. Cult. 28: 103-113
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