This result indicates that embryo rescue is an effective and
feasible method to produce muscadine-bunch hybrids for
seedless muscadine cultivar development. The rate of em
bryo recovery is much higher than the previous report
(Goldy et al., 1988) and similar to those of intraspecific
crosses of V. vinifera (Barlass et aL, 1988).
Due to the barriers of prefertilization, berry set was
very low when muscadine was used as female parent crossed
with bunch grapes. Moreover, it is not clear that the small
number of seeds obtained from these crosses were true
hybrids or were from contaminated muscadine pollen. A
further study using morphology, isozyme, or DNA markers
is needed to verify the status of these hybrid seeds.
Since barriers occur before fertilization for muscadine
x bunch crosses, introgression of seedlessness to muscadine
is not practical if there are no feasible methods to overcome
the prefertilization barriers. We therefore believe that
using seedless bunch grapes as the female parent combined
with embryo rescue is the better way to introgress seedlessness from bunch grapes to muscadine grapes, despite the
extra facilities and effort required. A disadvantage of using
seedless bunch grapes as female parents is that muscadine
pollen must be stored for one year since the blooming season
of muscadine grapes is normally one month later than for
bunch grapes. For unknown reasons, hybrid productivity
is reduced when stored pollen is used even though the ger

mination rate is still the same (J. Harris, CFREC, IFAS,
Leesburg, personal communication).
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SUCROSE, ABSCISIC ACID AND METHYLGLYOXAL BIS-(GUANYLHYDRAZONE) AFFECT
GRAPE SOMATIC EMBRYOGENESIS
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Abstract. The effects of sucrose, abscisic acid (ABA) and
methylglyoxal bis-(guanylhydrazone) (MGBG) on grape (Vitis

vinifera L. cv. Thompson Seedless) somatic embryogenesis was
examined by subculturing somatic embryos and embryogenic
cells to somatic embryo maintenance medium (EMM) contain
ing either 60, 90, 120, 150, or 180 g/liter sucrose; 0, 1, 10 or

with 120 g/liter sucrose for 2 to 3 months. No difference was
detected between the control (60 g/liter) and the other sucrose
treatments. ABA (10-100 fxM) reduced precocious germina
tion of cotyledonary and torpedo stage somatic embryos with
out reducing embryo viability. The same ABA concentrations
reduced secondary embryo production among cotyledonary
stage embryos but not torpedo stage embryos. ABA inhibited
plant formation from cotyledonary stage somatic embryos,
but promoted plant let regeneration from torpedo stage em
bryos at the 1 jxM concentration. Adding 1 or 10 mM MGBG
to EMM inhibited the growth of grape embryogenic cells and
somatic embryos. The number of cotyledonary stage somatic
embryos resembling zygotic embryos was reduced 88% to
100% when embryogenic cultures were incubated on EMM
with 1 or 10 mM MGBG, respectively, for 3 months.

100 M |xABA; or 0, 0.1, 1 or 10 mM MGBG. The number of
cotyledonary stage somatic embryos resembling zygotic em
bryos was increased by culturing embryogenic cells on EMM
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Somatic embryos have historically been used for clonal
propagation of elite lines (Attree et al., 1990), or to obtain
genetically engineered plants following infection with Agrobacterium tumefaciens (Chee, 1990; Delbreil et al., 1993)
or bombardment with DNA-coated tungsten particles (Cao
et al., 1992; Vasil et al., 1992). Somatic embryos have also
been used as "synthetic seeds", either encapsulated in alginate (Redenbaugh et al., 1987) or fluid-drilling gel (Kitto
et al., 1991), dehydrated naked (Gray, 1989; Gray et al.,
1987), or dehydrated following encapsulation (Kitto and
Janick, 1985a,b; Kim and Janick, 1989; Janick etal., 1989).
Proc. Fla. State Hort. Soc. 106:

1993.

Plants have been obtained from dehydrated somatic em
bryos of alfalfa [Medicago sativa L. (Anandarajah and
McKersie, 1990b; Senaratna et al., 1989)], grape [Vitis sp.
(Gray, 1989)], maize [Zea mays L. (Compton et al., 1992)]
and orchardgrass [Dactylis glomerata L. (Gray et al., 1987)].
In addition to clonal propagation and genetic transforma
tion of important hybrid cultivars, synthetic seeds of grape
could be used for germplasm conservation. Currently,
grape germplasm is maintained in vineyards, exposing ac
cessions to insects and diseases, and possible destruction by
natural disasters. A synthetic seed system would allow us
to store grape accessions in seed repositories as clonal
somatic embryogenic cultures or dehydrated, quiescent
somatic embryos (Gray and Compton, 1993). This would
eliminate the need for extensive germplasm collections in
vineyards.
In order to have an efficient synthetic seed system, an

embryo to plant regeneration system must be in place.
Plant regeneration from grape somatic embryos is often
difficult (Gray, 1989). Dehydration of grape somatic em
bryos improved plant formation (Gray, 1989), but the per
centage of embryos that formed plants was low (—30%).
Plant regeneration of alfalfa (Anandarajah and McKersie,
1990a,b; Senaratna et al., 1989) and maize (Green, 1982;
Green et al., 1983; Petersen et al., 1992) was improved by
culturing somatic embryos on medium with high osmoticum and ABA. Increased plant regeneration resulted
from an improvement in somatic embryo quality. In grape,
the production of high quality somatic embryos is relatively
low. Subculturing grape somatic embryos to medium with
high osmoticum and/or ABA may improve embryo quality.
Polyamines have been implicated as a possible cause of
abnormal somatic embryo development in grape (Faure et
al., 1991). The addition of polyamine biosynthesis in
hibitors, such as MGBG, to EMM may restore normal em
bryo development and plantlet formation. MGBG is a
polyamine biosynthesis inhibitor that blocks spermidine
and spermine synthesis by inhibiting the decarboxylation
of S-adenosylmethionine (Galston and Kaur-Sawhney,
1987). Therefore, it may be possible to improve grape
somatic embryo quality by adding MGBG to the culture
medium.

The objective of this work was to examine the effects
of sucrose, ABA and MGBG on grape somatic embryo
growth and development, and to identify treatments that
improve somatic embryo quality and plantlet development.

Materials and Methods

Establishment of embryogenic cultures. Embryogenic cul
tures of Thompson Seedless' grape were established using
a method adapted from Gray (1989) and Gray and Mortensen (1987). Briefly, 1 to 5 mm leaf explants were excised
from shoot cultures maintained on modified C2D medium
(Chee et al., 1984) with 5 jjlM benzyladenine (BA; Sigma
Chemical Co., St. Louis, MO) and incubated in 100 x 15
mm plastic petri plates containing 25 ml of somatic embryo
induction medium (Gray, 1989; Gray and Mortensen,
1987) for 6 weeks in the dark at 25C. Embryogenic callus
and somatic embryos were transferred to 100 x 15 mm
petri plates containing 50 ml of somatic embryo mainte
nance medium [modified Murashige and Skoog medium
Proc. Fla. State Hort. Soc. 106:
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(1962) with (per liter) 412.5 mg NH4NO3 and 475 mg
KNO3 (instead of 1650 and 1900 mg, respectively), 1 g
myo-inositol, 60 g sucrose and 7 g TC agar (JRH Biosciences, Lenexa, KS) at pH 5.4; EMM] and a 16 h photoperiod (0.8 ixmolm-^s1 from cool-white fluorescent lamps).
Embryogenic callus and cells were subcultured to fresh
EMM monthly.
Unless otherwise stated, embryogenic cultures repre

senting globular, heart, and torpedo stage somatic embryos
plus embryogenic cells were transferred to 100 x 15 mm
petri plates that contained 50 ml of test medium. There
were five plates per treatment, each with five clumps of
embryogenic material weighing approximately 15 mg. Cul
tures were at least 6 months old when used. Culture fresh
weight and the number of cotyledonary embryos that re
sembled zygotic embryos were recorded each month. Cul
ture dry weight was measured at the end of the experi
ment. Cultures were dried in an oven at 70C for 72 h.
Effects of sucrose on the growth and development of em
bryogenic cells. The effects of sucrose on grape somatic embryogenesis was studied by subculturing embryogenic cells
and somatic embryos (heart and globular stage) to EMM
containing 60, 90, 120, 150, or 180 g/liter sucrose. Em
bryogenic cultures were subcultured monthly for 3
months.
Effects of ABA on somatic embryo germination, secondary em
bryo production, and plant formation. The effect of ABA on
somatic embryogenesis was evaluated by subculturing
somatic embryos, representing all developmental stages, to
EMM containing 120 g/liter sucrose and either 0, 1, 10, or
100 \xM ABA. ABA was filter-sterilized and added to
cooled, autoclaved medium. Cotyledonary stage embryos
(16 per plate) were laid individually on the medium surface
whereas torpedo stage embryos were cultured in groups of
10 with five groups per plate. Heart and globular stage
embryos were cultured in clumps as mentioned above.
There were four plates per treatment. Data on precocious
germination (as determined by hypocotyl and root elonga
tion), embryo viability (as determined by the ability to stain
pink after tetrazolium treatment), and the number of sec
ondary somatic embryos were recorded for cotyledonary
and torpedo stage embryos after 4 weeks. The number of
plants obtained from each treatment was recorded 4 weeks
after transfer to germination medium [MS with (per liter)
30 g sucrose, 1 g myo-inositol, 7 g TC agar and 1 |xM BA;
pH 5.7 (Gray and Mortensen, 1987)]. Data recorded for
heart and globular stage embryos included the number of
cotyledonary, torpedo, heart, and globular stage embryos
per plate after 4 weeks.
Effects of MGBG on somatic embryogenesis. The effects of
MGBG on grape somatic embryogenesis was examined by
subculturing embryogenic cells to EMM containing 120 g/
liter sucrose and MGBG at 0, 0.1, 1, or 10 mM concentra
tions. MGBG was filter-sterilized and added to cooled, au
toclaved medium.
Experimental design and statistical analysis. Treatments for
all experiments were arranged in a completely randomized
design with subsampling. Statistical analysis was conducted
using the GLM procedure of the statistical analysis system
(SAS, 1988). Percentage data were transformed using
arcsin prior to analysis and converted back to the original
scale using p = (sinp')2 (Bartlett, 1937; Zar, 1984). Com
parisons of each treatment with the experimental control
were made using Dunnett's procedure (1955).
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Results and Discussion

Effects of sucrose on the growth and development of embryogenic cells. During the first month of culture, embryogenic cells and somatic embryos grown on standard
EMM (60 g/liter sucrose) had greater fresh weights than
those on EMM supplemented with 90 to 180 g/liter sucrose
(Table 1). After the first month, no difference in fresh
weight was observed among embryos grown on EMM with
60 g/liter sucrose and those reared on EMM with 90 or 120
g/liter sucrose. Embryos grown on EMM with 150 to 180
g/liter sucrose weighed less than the controls. Embryogenic
cultures maintained on EMM with 90 or 120 g/liter sucrose
had greater dry weights than embryos grown on the stand
ard EMM medium, whereas embryos maintained on EMM
with 150 to 180 g/liter sucrose had reduced dry weights.
Raising the sucrose concentration of EMM failed to in
crease the number of cotyledonary stage embryos that re
sembled their zygotic counterparts during the first month
of culture (Table 1). However, the quality of cotyledonary
stage somatic embryos was improved by maintaining em
bryogenic cultures on EMM with 120 g/liter sucrose for 2
to 3 months. Embryo quality was not improved by growing
embryogenic cultures on EMM with 90, 150, or 180 g/liter
sucrose.

The moisture content of grape somatic embryos grown
on EMM with 60, 90, 120, 150, and 180 g/liter sucrose was
88%, 77%, 77%, 73%, and 72%, respectively. This suggests
that grape somatic embryos grown on EMM with high suc
rose contained less unbound water than similar embryos
grown on standard EMM. Improvement in quality of em
bryos reared on EMM with 120 g/liter sucrose may be re
lated to partial dehydration during embryo maturation.
Others have found that transferring somatic embryos to
medium with high sucrose improved embryo quality and
subsequent plant regeneration (Anandarajah and McKersie, 1990a,b; Petersenetal., 1992; Senaratnaetal., 1989).
Effects of ABA on somatic embryo germination, secondary em
bryo production, and plant formation. ABA dramatically af
fected the growth and development of grape embryogenic
cell cultures. Adding 10 or 100 \xM ABA to EMM inhibited
precocious germination and the number of secondary em
bryos produced on cotyledonary stage embryos when com
pared to similar embryos incubated on standard EMM
(Table 2). No differences were observed between cotyledo
nary stage embryos incubated on EMM with 0 or 1 |xM
ABA. Precocious germination of torpedo stage somatic
embryos was promoted by adding 1 \iM ABA to EMM but
was inhibited by higher (10 and 100 |xM) concentrations.
The percentage of torpedo stage somatic embryos that

produced secondary embryos and the number of second
ary embryos per somatic embryo were not affected by
ABA. Plantlet formation from cotyledonary embryos was
inhibited by ABA. In contrast, the ability of torpedo stage
embryos to develop into plants was doubled by incubating
embryos on EMM with 1 \iM ABA when compared to em
bryos incubated on EMM lacking ABA. Higher ABA con
centrations (10 and 100 |xM) inhibited plantlet formation
from torpedo stage embryos. Incubating heart or globular
stage embryos on EMM with ABA failed to promote em
bryo maturation and plantlet development (data not
shown).
ABA inhibited the growth of heart and globular stage
somatic embryos as indicated by the lower number of em
bryos produced per plate when compared to similar em
bryos on EMM lacking ABA (Table 3). Somatic embryo
maturation was also affected by the ABA concentration in
the medium. At 10 (xM ABA, fewer heart or globular stage
somatic embryos matured to the cotyledonary stage,
whereas the percentages of torpedo, and heart and globu
lar stage embryos were similar to the controls. At 100 jxM
ABA, the percentage of cotyledonary stage embryos that
developed from heart stage embryos was reduced, the per
centage of torpedo stage embryos was increased, and the
percentage of heart and globular stage embryos was less
than the controls. The maturation of globular stage em
bryos to the cotyledonary stage was inhibited by 10 and
100 |xM ABA. However, the percentages of torpedo, and
heart and globular stage embryos were similar to the con
trols.
ABA improved plantlet formation from somatic em
bryos of maize (Green, 1982; Green et al., 1983; Petersen
et al., 1992), alfalfa (Anandarajah and McKersie, 1990b;
Senaratna et al., 1989) and spruce (Attree et al., 1990). We
observed that ABA (1 (xM) promoted plantlet development
from torpedo stage somatic embryos of grape, but was in
effective in controlling precocious germination and sec
ondary embryo production. In addition, ABA inhibited
plantlet formation from cotyledonary embryos and mat
uration of heart and globular stage embryos. This suggests
that torpedo stage embryos are the best material for ABA
treatment and plant development. However, further
studies are required to identify an ABA concentration that
promotes plantlet development but inhibits precocious
germination and secondary embryo production.
Effects of MGBG on somatic embryogenesis. The addition
of 10 mM MGBG to EMM inhibited the growth of em
bryogenic cultures during the first month of culture (Table
4). Adding 1 or 10 mM MGBG resulted in a significant
reduction in culture fresh weight and dry weight including

Table 1. Effect of sucrose on the growth and development of somatic embryogenic cell cultures of 'Thompson Seedless' grape.

(g/liter)
60
90
120
150

180

1 mo.

2811
2141
1809
809
613

*

*
*
*

2 mo.

1873
2042
1673
755
565

ns
ns
ns
*
*

No. cotyledonary embryos

Culture dry wt (mg)

Culture fresh wt (mg)
3 mo.

1947
1783

ns

1615
699
684

ns
*
*

3 mo.

230
408
366
186

187

1 mo.
0.4

*
*
ns

ns

4.0
5.0
0
0

ns
ns
ns
ns

2 mo.
0.8
3.0
7.4
4.6
0

3 mo.
0

ns

*
ns
ns

5.8
13.2
3.4
0

ns
*
ns
ns

♦Significantly different from the control (60) according to Dunnett's at the 0.05 level; ns = nonsignificant.
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Table 2. Effects of ABA on somatic embryo germination, secondary em
bryo production and plant formation from cotyledonary and torpedo
stage somatic embryos of 'Thompson Seedless' grape.

Table 3. Effect of ABA on the development of heart and globular stage
somatic embryos of 'Thompson Seedless' grape.
Embryo developmental stages

ABA
cone

Embryo
stage2

Second embryo
production

Precocious
germination

(%)y
0
1
10
100

97.0

ns

88.0

ns

0

65.0
81.0

1

10
100

1.5
1.5

0.5

0.5

Plant
formation*

Numberx

57.8
56
26
39
84
77
65
74

ns
ns
ns

ns
ns
ns

59.0

ns

7.0
13.8
47.3
23.2
7.5
10.0

*
*
ns
ns
ns

Embryo
stage

13
3
0
0
6
11
0
1

(4/32)
(1/32)
(0/32)
(0/32)
(5/80)
(9/80)
(0/80)
(1/80)

ABA
cone
(m-M)
0

H

1

10
100
0
1

10

100

zThere were 64 (cotyledonary) and 80 (torpedo) embryos per treatment.
yThe percent of embryos that formed secondary somatic embryos.
xNumber of secondary embryos per somatic embryo.
w Embryos were transferred to modified MS medium with 1 |xM BA for
germination and plant development.
Significantly different from the control (0 ABA) according to Dunnett's
at the 0.05 level; ns = nonsignificant.

Number
of
embryos2

Cotyledonary

317
228
161
149
568
352
182
153

8.6

10.2
0.1
0.1

0.5
0.1

Heart/
Globular

38.6
48.8
55.0

52.9
41.0
45.0

ns

30.2

*

69.8
44.7
48.1
36.7
52.8

4.5

5.3

Torpedo

ns
*

ns
ns

ns

50.8

46.7
62.8
47.2

ns

ns
ns

ns

ns
ns

zAverage number of somatic embryos per plate after 4 weeks.
yPercent of the total number of embryos per plate.

*Significantly different from the control (0 ABA) according to Dunnett's

at the 0.05 level; ns = nonsignificant.

Table 4. Effect of MGBG on the growth and development of somatic embryogenic cultures of 'Thompson Seedless' grape.
Culture fresh wt (mg)

MGBG

Culture dry wt (mg)

No. cotyledonary embryos

cone

(mM)
0

1809

0.1

1769

1

1528
850

10

2 mo.

1 mo

ns
ns
ns

1673
1844
1429
319

ns
ns
*
*

3 mo.

1676
1946
471
0

ns

*
*

3 mo.

374
439
190
0

3.0

*
*

2 mo.

1 mo.

4.0
5.2
0

ns
ns
ns

2.6
4.4

ns

0.8
0

ns
ns

3 mo.
3.3
3.4
0.4
0

ns
*

*

zNumber of cotyledonary stage empbryos resembling zygotic embryos.
*Significandy different from the control (0 MGBG) according to Dunnett's at the 0.05 level; ns = nonsignificant.

the death of cells incubated on EMM with 10 mM MGBG
by the third month. The production of normal grape
somatic embryos was not affected by MGBG during the
first 2 months of culture. However, the formation of
cotyledonary stage embryos was inhibited after 3 months
by 1 to 10 mM MGBG. No difference in the number of
high quality cotyledonary embryos was detected among
embryogenic cultures incubated on EMM with 0 or 0.1
mM MGBG throughout the course of the experiment.
Previous studies have suggested that the production of
abnormal grape somatic embryos may be related to an in
crease in endogenous polyamine synthesis during the tor
pedo stage of development (Faure et al., 1991). MGBG
inhibits the synthesis of two polyamines, spermidine and
spermine, by blocking the decarboxylation of S-adenosylmethionine (Galston and Kaur-Sawhney, 1987). Polyamine
and ethylene synthesis are interrelated, i.e., ethylene pro
duction elevates when polyamine synthesis is blocked and
decreases when it is not (Galston and Kaur-Sawhney,
1987). MGBG has been shown to increase ethylene synth
esis while inhibiting polyamine production (Roberts et al.,
1984). Therefore, we do not know at present if the growth
inhibition of grape embryogenic cells was caused by the
addition of MGBG or by a possible increase in endogenous
ethylene production.

This study demonstrates that grape somatic embryogenesis can be controlled using sucrose, ABA, and a
specific polyamine biosynthesis inhibitor. The production
Proc. Fla. State Hort. Soc. 106;
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of high quality somatic embryos was promoted by doubling
the sucrose concentration of the standard medium cur
rently used for grape somatic embryogenesis. Adding low
concentrations (1 |xM) of ABA improved plantlet forma
tion from torpedo stage embryos but was ineffective in
controlling precocious germination and secondary embryo
formation. Further studies are required in order to iden
tify an ABA concentration that controls precocious germi
nation and secondary embryo formation without inhibiting
plantlet formation. MGBG inhibited the growth and devel
opment of grape somatic embryos at concentrations above
0.1 mM but failed to improve the quality of grape somatic
embryos. This suggests that polyamines may play a role in
regulating the growth of grape somatic embryogenic cul
tures. Further investigation in the area of endogenous
polyamine production may reveal inhibitors that promote
the production of high quality grape somatic embryos

without inhibiting embryo growth and development.
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Abstract. Callus from the youngest fully expanded leaflets of
grafted, container-grown 'Arkin' carambola was initiated on
Murashige and Skoog medium supplemented with 1 mg/liter
l-cysteine, 30 g/liter sucrose, 3.5 g/liter agar, 1 g/liter gelrite,
0.0-5.0 mg/liter 2,4-dichlorophenoxyacetic acid, 0.0-2.0 mg/
liter indole-3-acetic acid and various concentrations of 6-furfurylaminopurine, 6-benzylaminopurine, and/or 6(7,7-di-

methylallylamino)purine. Calli were subcultured onto shoot
induction media without 2,4-D and containing the same type
and quantity of cytokinin as the callus induction media. Shoots
arose directly from callus initiated on medium supplemented
with 5 mg/liter 2,4-D and 5 mg/liter 2iP and then transferred
to medium supplemented with 5 mg/liter 2iP alone. These
shoots were subcultured onto medium supplemented with 0.5
mg/liter IAA and 5.0 mg/liter 2iP to stimulate axillary bud
proliferation. Neither rooting in vitro nor rooting of microcuttings in the greenhouse has been successful.
Proc. Fla. State Hort. Soc. 106:

1993.

