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Effects of sucrose and methylglyoxal bis-(guanylhydrazone) on controlling grape somatic
embryogenesis

by
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Summary: The effects of sucrose and methylglyoxal bis-(guanylhydrazone) (MGBG) on grape (Vitis vinifera L. cv.
Thompson Seedless) somatic embryogenesis was examined by subculturing somatic embryos and embryogenic cells monthly to
embryo maintenance medium (MMS) containing 60, 90, 120, 150, or 180 g/l sucrose; or 0, 0.1, 1, or 10 mM MGBG for three
months. The growth and development of grape embryogenic cultures was inhibited by incubating them on MMS with 150 or 180 g/l
sucrose compared to 60, 90, or 120 g/l. Culture dry weight was significantly greater for embryogenic cells grown on MMS with 90
or 120 g/l sucrose compared with those reared on standard MMS (60 g/l sucrose), indicating that embryogenic cells grew better on
MMS with 90 or 120 g/l sucrose and were less hydrated. The number of cotyledonary-stage somatic embryos that resembled zygotic
embryos was improved 10.8- to 21.3-fold by incubating grape embryogenic cells on MMS with 90 or 120 g/1 sucrose, respectively.
Germination and plant development of grape somatic embryos was improved following incubation on MMS with 150 g/l sucrose
before transfer to germination medium with benzyladenine. However, fewer embryos were produced on this medium compared to all
other sucrose levels, suggesting that maintaining embryogenic cultures on MMS with 120 g/l sucrose followed by one transfer onto
MMS with 150 g/l sucrose may improve embryo development and plant regeneration. MGBG at 1 to 10 mM inhibited the growth
and development of grape embryogenic cultures. Exposure of embryogenic cells to 10 mM MGBG inhibited their growth and
development through the course of the experiment and caused their death by the third month of culture. In contrast, a 3-month
exposure was required to inhibit embryo growth in the presence of 1 mM MGBG. Addition of MGBG to MMS did not improve
embryo quality or plant development.
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Abbreviations: ABA - abscisic acid, BA - benzyladenine, 2,4-D - 2,4-dichlorophenoxyacetic acid, MGBG -
methylglyoxal bis-(guanylhydrazone), MMS - embryo maintenance medium

Introduction recently have enabled the genetic transformation of Vitis
vinifera L. grape (Gray 1995).
Somatic embryos have been used for clonal propaga- An efficient embryo-to-plant regeneration system must

tion of elite lines and as “synthetic seeds” by encapsulat- be in place in order to utilize embryogenic culture sys-
ing them in alginate or fluid-drilling gel, dehydrating them  tems. However, plant regeneration from grape somatic em-
naked, or dehydrating embryos following encapsulation  bryos is often difficult. Dehydration of grape somatic em-
(Gray and PuroHIT 1991 a, b; GraAY et al. 1995). Plants  bryos improved plant formation (Gray 1987, 1989), but
have been obtained from dehydrated somatic embryos of  the percentage of embryos that formed plants was low
alfalfa {Medicago sativa L. (ANANDARAJIAH and MCKERSIE  (~30 %). Plant regeneration of alfalfa (ANANDARAJAH and
1990 b; SENARATNA et al. 1989)], grape [Vitis sp. (GRaY MCcKERSIE 1990 a, b; SENARATNA et al. 1989) and maize
1987, 1989)], maize [Zea mays L. (CoMPTON et al. 1992)]  (GREEN et al. 1983; PETERSEN et al. 1992) was improved by
and orchardgrass [Dactylis glomerata L. (GRAY et al.  culturing somatic embryos on medium with high
1987)]. Synthetic seeds of grape might be used for osmoticum. Transfer of somatic embryos to medium with
germplasm conservation (Gray and CompToN 1993). Grape  high osmotica causes partial dehydration of cells within
germplasm is currently maintained in vineyards, which ex-  somatic embryos, which improves the production of stor-
poses accessions to insects and diseases, and possible de-  age compounds (starch, oils, lipids, etc.) and results in im-
struction by natural disasters. A synthetic seed system proved embryo quality and plant development
would allow grape accessions to be stored in seed reposi-  (ANaNDaRraJAH and McKErsie 1990 a, b). In grape, the pro-
tories as clonal somatic embryogenic cultures or dehy-  duction of high quality somatic embryos is low. Subcul-
drated, quiesceént somatic embryos, eliminating the need turing grape somatic embryos to medium with high
for extensive germplasm collections in vineyards. In addi-  osmoticum may improve embryo quality and subsequent
tion to these potential applications, embryogenic cultures  plant development.
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Elevated endogenous polyamine production has been
implicated as a possible cause of abnormal somatic em-
bryo development in grape (FAURE ef al. 1991). The occur-
rence of abnormal grape somatic embryos coincided with
an increase in endogenous polyamine production at the
torpedo stage of embryo development. MGBG is a
polyamine biosynthesis inhibitor that blocks spermidine
and spermine synthesis by inhibiting the decarboxylation
of S-adenosylmethionine (GaLsTON and KAUR-SAWHNEY
1987). Addition of polyamine biosynthesis inhibitors, such
as MGBG, to standard embryogenesis medium may im-
prove development of normal embryos and improve plant
formation by blocking endogenous polyamine production
by somatic embryos. However, to understand the effects
of sucrose and MGBG on globular-to-late stage embryo
development, the growth of the subtending culture tissue,
which in our grape system is composed wholly of embryo-
genic cells and young multicellular proembryos (Gray
1992, 1995), also must be considered. The objective of
this work was to examine the effects of sucrose 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 grape embryogen-
ic cultures: Embryogenic cultures of “Thompson
Seedless’ grape were established using a method adapted
from Gray (1989) and Gray and MoRTENSEN (1987). Leaf
explants (1-5 mm) were excised from shoot-tip cultures
maintained on modified C,D medium (CHEE et al. 1984)
with 5 pM BA (Sigma Chemical Co., St. Louis, MO) and
incubated in 100 x 15 mm petri plates containing 25 ml of
somatic embryo induction medium [NrrscH and NrrscH
(1969) with (per liter) 20 g sucrose, 0.1 g myo-inositol,
1 uM BA, 5 uM 2,4-D, 10 uM ABA, and 7 g TC agar
(JRH Biosciences, Lenexa, KS) at pH 5.5] for 6 weeks in
the dark at 25 °C. Embryogenic cells, callus, and somatic
embryos were transferred to 100 x 15 mm petri plates con-
taining 50 ml of MMS [modified Murashige and Skoog
medium (1962) with (per liter) 412.5 mg NH,NO,, 475 mg
KNO, (instead of 1650 mg and 1900 mg, respectively),
1 g myo-inositol, 60 g sucrose, 2 g washed activated char-
coal, and 7 g TC agar at pH 5.4] and maintained at 25 °C
and low light intensity (0.8 pumol-m?2s?! from cool-white
fluorescent lamps and 16 h photoperiod). Embryogenic cal-
lus and cells were subcultured to fresh MMS monthly.

Embryogenic cultures consisting of 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. Cultures were at least 6 months old when
used. Five plates were cultured per treatment, each con-
taining 5 clumps of embryogenic material weighing ap-
proximately 15 mg (75 mg/plate). Treatments for all ex-
periments were arranged in a completely randomized de-
sign. Culture fresh weight and the number of cotyledonary
embryos that resembled zygotic embryos were recorded

each month for 3 months. Culture dry weight was meas-
ured at the end of the experiment. Cultures were dried in
an oven at 70 °C for 72 h. Experimental design followed
that set forth for plant tissue culture experiments by
CompToN (1994). Statistical analysis was conducted using
the GLM procedure of the statistical analysis system (SAS
1988). Treatment means were compared using regression
and lack-of-fit (LOF) analysis. Polynomial contrasts state-
ments were used to detect response trends in experiments
with unevenly spaced treatments or unequal replication.
In these cases contrast coefficients and regression models
were calculated as described by CARMER and SEIF (1963).
Percentage data were analyzed using Maximum Likelihood
Analysis of Variance and means compared using standard
error of the mean. In cases where treatment significance
was observed but regression and LOF analyses failed to
detect a trend, treatment comparisons were made with the
experimental control (DUNNETT 1955).

Effects of sucrose on grape somatic
embryogenesis and plant formation:
The effects of sucrose on grape somatic embryogenesis
was studied by subculturing embryogenic cells and somatic
embryos to MMS containing 60, 90, 120, 150, or 180 g/l
sucrose. Embryogenic cultures were subcultured monthly
for 3 months. The effects of sucrose on plant development
from somatic embryos was assessed by transferring
cotyledonary stage embryos from each sucrose treatment
to MSB (Gray 1992). The number of embryos forming
plants was recorded after 2 months on MSB.

The effects of MGBG on grape
somatic embryogenesis wereexamined by
subculturing embryogenic cells cultured on MMS-12%S
(MMS with 120 g/l sucrose) to similar medium with 0,
0.1, 1, or 10 mM MGBG. The polyamine inhibitor was
filter-sterilized and added to cooled, autoclaved medium.

Results and discussion

Effects of sucrose on grape somatic
embryogenesis and plant developme nt:
There was a significant interaction between the medium
sucrose concentration and time for culture fresh weight
(P < 0.001). A decline in fresh weight gain was observed
between the first and second subculture period when
embryogenic cultures were incubated on medium with
60 g/l sucrose (Fig. 1). However, little difference was de-
tected between the second and third subculture (4760.2
- 2455.32x + 505.84x%; r? = 0.6425). No change in fresh
weight gain was observed among embryogenic cells reared
on medium with 150 g/l sucrose from the first to the third
subculture (864.79 - 55.21x; r* = 0.2590). Fresh weight
gain improved from the first to third subculture when
embryogenic cells were grown on medium with 180 g/l
sucrose (829.695 - 299.58x + 83.65x?; 2= 0.4516). Fresh
weight gain was similar for the first, second, and third sub-
culture periods when grape embryogenic cells and embryos
were grown on medium with 90 or 120 g/l sucrose (non-
significant regression).
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Fig. 1: Effect of sucrose and time in culture on fresh weight gain
of grape somatic embryogenic cultures. Embryogenic cells were
cultured on MMS with 60 (), 90 (+), 120 (*), 150 (), or
180 (x) g/l sucrose for 3 months. Dotted line represents the pre-
dicted regression equation for each sucrose level. Each plate con-
tained 75 mg of embryogenic material at the beginning of the
experiment. A similar amount was subcultured to fresh medium
each month.

Dry weight of embryogenic cultures was significantly
influenced by the sucrose concentration in the medium
(P < 0.001). Embryogenic cultures maintained on MMS
with 90 or 120 g/l sucrose had the greatest dry weights
(Fig. 2). Embryos grown on standard MMS (60 g/l), or
MMS with 150 or 180 g/l sucrose had reduced dry weights.
The response trend of embryogenic cultures to different
sucrose concentrations best fit the cubic regression model
(-1774.06 + 57.92x - 0.4837x2 + 0.001x3; r* = 0.8815). The
moisture content of grape somatic embryos grown on MMS
with 60, 90, 120, 150, and 180 g/1 sucrose was 88, 77, 77,
73, and 72 %, respectively (data not shown), suggesting
that grape somatic embryos grown on MMS with high su-
crose contained less unbound water than similar embryos
grown on standard MMS.

The number of high-quality somatic embryos was sig-
nificantly affected by the sucrose concentration (P < 0.001)
and length of exposure to the treatments (P < 0.05). How-
ever, there was no interaction between the two. The number
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Fig. 2: Effect of sucrose concentration on dry weight of grape
somatic embryogenic cultures. Dotted line represents the pre-
dicted regression equation. Treatment means are represented by +.

Table 1

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

Number of cotyledonary

embryos
Sucrose concentration Change from
g/l Mean' control?
60 0.4
90 4.3 10.8
120 8.5 * 213
150 2.7 ns 6.8
180 0 ns -

! Significance from the control (0) was determined using
Dunnett’s at the 0.05 (*) level; ns = nonsignificant.
2 Obtained by dividing treatment means by the control mean.
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Fig. 3: Effect of length of time in vitro on the production of

zygotic appearing grape somatic embryos. Dotted line represents

the predicted regression equation. Treatment means are repre-
sented by *

of high-quality, cotyledonary somatic embryos was im-
proved 10.8- and 21.3-fold over the control (60 g/1) when
embryogenic cultures were incubated on medium with 90
or 120 g/l sucrose (Tab. 1). The number of embryos pro-
duced per plate increased linearly (0.4499 + 1.393x) be-
tween the first and third subcultures (Fig. 3), representing
a 2.5-fold increase between the first and third subculture.
Improvement in quality of embryos reared on MMS with
120 g/t sucrose may be related to partial dehydration dur-
ing embryo maturation. Others have found that transfer-
ring somatic embryos to medium with high sucrose im-
proved embryo quality and subsequent plant regeneration
(AnNanNDARAJAH and McKERsiE 1990 a, b; PETERSEN et al.
1992).

The percentage of somatic embryos that formed plants
was highest when they were reared on medium with 150 g/1
sucrose (Tab. 2). Germination and plant development rates
were 9.7-, 2.9-, and 5.6-fold lower among embryos grown
on MMS with 60, 90, or 120 g/l sucrose, respectively.
However, grape embryogenic cultures grew poorly when
incubated on MMS with 150 g/l sucrose, the medium from
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Table 2

Effect of sucrose concentration in MMS on germination of
grape somatic embryos’

Sucrose Number of Number of Germination and plant
g/ embryos? plants development (%)
60 29 2 69 £ 47
90 30 7 233 £ 7.7
120 50 6 120 = 4.6
150 6 4 66.7 £ 19.2

! Embryos were germinated on medium with 1 uM BA.
2 Number of somatic embryos transferred to germination medium.

which embryos that readily germinated into plants were
obtained. More high-quality cotyledonary stage embryos
were obtained from embryogenic cultures maintained on
MMS with 90 or 120 g/l sucrose, suggesting that grape
embryogenic cultures should be maintained on medium
with 90 or 120 g/l sucrose and transferred to medium with
150 g/l sucrose before transferring embryos to MSB ger-
mination medium.

The observed effects of sucrose on embryogenesis may
be due to two factors, either alone or in combination. Su-
crose may exert an osmotic effect, causing a lower intra-
and intercellular embryo water content, mimicking zygotic
embryogenesis and thereby promoting more normal de-
velopment. Alternatively, increased sucrose may provide
a necessary increase in carbon nutrition, allowing more
storage compounds to be produced and, again, leading to
more normal development (Gray 1991 b).

Effects of MGBG on grape somatic
embryogenesis: Addition of MGBG to MMS-
12%S influenced the growth of grape embryogenic cul-
tures (P < 0.001). However, there was a significant inter-
action between the MGBG concentration and length of time
that embryogenic cultures were exposed to the polyamine
biosynthesis inhibitor (P < 0.001). Addition of 10 mM
MGBG to MMS-12%S caused a steady decline in fresh
weight gain during the course of the experiment and re-
sulted in the death of grape embryogenic cells by the third
month (1592.82 - 848.55x + 105.87x?; 12 = 0.9859; Fig. 4).
There was little difference in fresh weight gain between
the first and second subculture when grape embryogenic
cells were incubated on medium with 1 mM MGBG; how-
ever, a sharp decline in fresh weight gain was observed by
the third month (767.38 + 1189.74x - 429.48x2; 1* = 0.7663).
Addition of 0.1 mM MGBG failed to inhibit the growth of
grape embryogenic cells compared to the controls, with
the growth of embryogenic cells in both treatments remain-
ing constant throughout the experiment (nonsignificant re-
gression).

Addition of MGBG to MMS-12%S influenced culture
dry weight (P < 0.001). Little difference in culture dry
weight was detected between the 0, 0.1, and 1 mM treat-
ments (Fig. 5). However, a significant decline in dry weight
was observed at 10 mM MGBG. Polynomial contrast indi-
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Fig. 4: Effect of MGBG concentration and length of exposure on
fresh weight gain of grape somatic embryogenic cultures.
Embryogenic cells were cultured on MMS with 0 (¥), 0.1 (+),
1 (O), or 10 (x) mM MGBG for 3 months. Dotted line represents
the predicted regression equation for each MGBG level. Each
plate contained 75 mg of embryogenic material at the beginning
of the experiment. A similar amount was subcultured to fresh
medium each month.
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Fig. 5: Effect of MGBG concentration on dry weight of grape

embryogenic cultures exposed to the polyamine inhibitor for

3 months. Dotted lines represent the predicted regression equa-
tion. Treatment data values are represented by B.

cated that this response best fit the quadratic model (427.79
- 25.46x + 0.2118x?).

The number of cotyledonary embryos per plate was
affected by the addition of MGBG to MMS-12%$S
(P <0.001). Embryo development was completely sup-
pressed when grape embryogenic cells were incubated on
MMS-12%S with 10 mM MGBG (Tab. 3). While there
was no significant difference in embryo production in the
presence of 0.1 or 1 mM MGBG; however, numerically,
the 0.1 mM level resulted in a 40 % increase. This sug-
gests that an expanded evaluation of low MGBG levels
might be useful, despite the nonsignificant result of the
present experiment. Due to the magnitude of potential posi-
tive response, this MGBG level should be re-evaluated to
determine whether the lack of statistical significance was
due excessive experimental variation.

The inhibition of embryogenic cell cultures suggests
that polyamines may play an active role in controlling
growth and development from the earliest stages of grape
somatic embryogenesis. Previous studies suggest that the
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production of abnormal grape somatic embryos may be
related to an increase in endogenous polyamine synthesis
during the torpedo 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 production elevates when polyamine synthe-
sis is blocked and decreases when it is not. MGBG has
been shown to increase ethylene synthesis while inhibit-
ing polyamine production (RoBERrTs et al. 1984). There-
fore, it is not clear if the growth reduction of grape
embryogenic cells was caused by the inhibition of endog-
enous polyamine biosynthesis by MGBG or by an increase
in endogenous ethylene production.

Table 3

Effect of MGBG on the growth and development of somatic
embryogenic cultures of cv. Thompson Seedless grape

MGBG Number of cotyledonary embryos
(mM) Mean! Change from control?
0 29
0.1 42 s 1.5
1.0 2.1 ns 0.7
10.0 0 * -

U Significance from the control (0) was determined using
Dunnett’s at the 0.05 (*) level; ns = nonsignificant.
2 Obtained by dividing treatment means by the control mean.

This study demonstrates that grape somatic embryo-
genesis can be controlled using sucrose and MGBG. In-
creasing levels of both factors inhibited the growth of
undifferentiated embryogenic cells and multicellular pro-
embryos, as measured by fresh and dry weight determina-
tion. The production of high-quality somatic embryos was
promoted by doubling the sucrose concentration of the
standard embryo maintenance medium currently used for
grape somatic embryogenesis. MGBG inhibited the growth
and development of grape somatic embryos at concentra-
tions above 1 mM but failed to improve the quality of grape
somatic embryos. This suggests that spermidine and
spermine, the two polyamines inhibited by MGBG, may
play a role in regulating the growth of grape somatic
embryogenic cultures but not the production of high-qual-
ity somatic embryos. 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 develop-
ment.
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