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Abstract. We have investigated events which take 
place in the developing barley (Hordeum vulgare 
L.) embryo during its acquisition of desiccation 
tolerance. Excised embryos are capable of preco- 
cious germination as early as 8 dE after pollination 
(DAP). At this age, however, they are not capable 
of resisting a desiccation treatment which induces 
a loss of 96-98% of their initial water content. 
At 16 DAP the embryos germinate despite the 
drastic drying treatment. The pattern of in-vivo 
and in-vitro proteins synthesized by the developing 
embryos from 12 DAP (desiccation-intolerant) and 
16 DAP (desiccation-tolerant) were compared. A 
set of 25-30 proteins was identified which is de- 
novo synthesized or enhanced during the develop- 
mental period leading to desiccation tolerance. Ab- 
scisic acid (ABA; 100 pM) applie, d in vitro for 5 d 
to 12-DAP embryos induces desiccation tolerance 
and represses a subset of polypeptides preferential- 
ly associated with 16-DAP embryos. During in vi- 
tro culture of barley embryos ABA stimulates the 
appearance of a set of proteins and prevents the 
precocious germination allowing embryogenesis to 
continue in vitro. It also suppresses a set of germi- 
nation-related proteins which appear 4 h after the 
incubation of the dissected embryo on a germina- 
tion medium without ABA. Almost all mRNAs 
remain functional for translation when isolated 
embryos are dried at the desiccation-intolerant and 
tolerant stages of embryo development. 
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Abbreviations. ABA = abscisic acid; DAP = days after pollina- 
tion; GM=germina t ion  medium; poly(A)RNA=polyadeny- 
lated RNA;  SDS = sodium dodecyl sulfate. 

Introduction 

In the majority of higher plants, tolerance to pro- 
toplastic dehydration is restricted to the seeds. De- 
spite their low water content these organs are via- 
ble and, under proper environmental conditions, 
capable of regrowth. The embryo tolerates water 
potentials as low as 50% relative humidity (Gaff 
1980), a property it acquires during seed matura- 
tion. After the seed germinates the growing plant 
loses the ability to survive desiccation. Therefore, 
the ability to tolerate dehydration is developmen- 
tally programmed and, with a few notable excep- 
tions (Gaff ]971; Gaff and Latz 1978) restricted 
to the embryo. 

Desiccation tolerance is a complex property. 
The phenomenon has been frequently described at 
morphological, physiological and biochemical lev- 
els, but still it is far away from being understood 
at the molecular level (reviewed by Bewley and 
Krochko 1982). Developing embryos can be used 
as an experimental system to study desiccation tol- 
erance. They can be isolated from the endosperm 
tissue, desiccated and tested in vitro for their ca- 
pacity to germinate precociously, that is, germina- 
tion after the embryos are removed from prema- 
ture seeds. Under constant environmental condi- 
tions the onset of desiccation tolerance, together 
with that of correlated metabolic events, can be 
precisely monitored. Moreover, the in-vitro culti- 
vation of isolated embryos offers the possibility 
of testing the influence of exogeneously supplied 
hormones, such as (GA) gibberellic acid or abscisic 
acid (ABA), which are thought to regulate impor- 
tant events during embryogenesis (for reviews see 
King 1982; Ross 1984; Walbot 1978). 

The objective of the work reported in this paper 
was to investigate molecular events which take 
place in the developing barley embryo during the 
acquisition of desiccation tolerance. Two-dimen- 
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sional polyacrylamide gel electrophoresis of in-vi- 
tro- and in-vivo-synthesized proteins has allowed 
us to associate qualitative and quantitative changes 
with specific stages of embryo development. Fur- 
thermore, the effect of desiccation on the expres- 
sion of embryo mRNAs was studied. Also it was 
possible to manipulate desiccation tolerance in vi- 
tro by exogenous applications of ABA. 

Material and methods 

Plant material. Barley (Hordeum vulgare L. cv. Aura) plants 
were grown in a Conviron growth chamber (16 h light, 18 ~ C, 
8 h dark, 14 ~ C, 75-80% relative humidity) in 8-cm-diameter 
pots. Ears were labelled at anthesis. 

Isolation and culture of embryos. Seeds from the middle part 
of the ear were collected, the outer glumes were removed, and 
the grains were surface sterilized with 0.5% NaOCI (15 min) 
and 70% ethanol (7 rain) and washed thoroughly in sterile 
water. Embryos were aseptically isolated under a dissecting mi- 
croscope and immediately frozen in liquid N2 or treated as 
described below. The weight of 30 seeds was always determined 
and the sizes of the embryos were measured to ensure that 
all experiments were performed with embryos of uniform age. 

Embryos were cultured according to Triplett and Quatrano 
(1982) in Petri dishes on filter papers soaked either with germi- 
nation medium (GM; Murashige and Skoog salts as supplied 
by Flow Laboratories (Meckenheim, FRG), 2% (w/v) sucrose 
and 150 p,M glutamine), or GM supplemented with 100 gM 
ABA (Sigma, Miinchen, FRG);  this medium is indicated as 
GM +ABA.  The dishes were sealed with parafihn and kept 
at 27 ~ C with a 16-h photoperiod. Embryo growth or germina- 
tion was assessed daily and recorded after 5 d. Germination 
was defined as the emergence and elongation of radicles and 
coleoptiles of minimum length of 0.2-0.3 cm. For an evaluation 
of the germinated plantlets the lengths of  the radicles and cole- 
optiles were measured 5 d after incubation. 

For the drying treatment the embryos were placed on two 
layers of filter paper in the constant air stream of a ventilating 
hood for 18-20 h at 20 ~ C. 

Determination of the water content. To determine the water con- 
tent of fresh embryos their weights were compared before and 
after a 24 h incubation at 100 ~ C. 

In-vivo labelling. Ten isolated embryos were incubated in a ster- 
ile Petri dish in 200 gl GM or GM + ABA medium containing 
1.9.106 Bq [35S]methionine (Amersham, Braunschweig, F R G ;  
3.02. l 013 Bq. mmol-  i). The incorporated radioactivity was de- 
termined after precipitation of an aliquot with trichloroacetic 
acid (TCA). 

Protein extraction. Proteins were extracted from 10 embryos 
as described by Damerval et al. (1986) Frozen embryos were 
ground to a fine powder under liquid N2. Proteins were precipi- 
tated by adding 1.5 ml 10% (w/v) TCA in acetone containing 
0.07% (v/v) /~-mercaptoethanol. The pellet was washed twice 
with ice-cold acetone containing 0.07% (v/v)/~-mercaptoetha- 
no1, dried under vacuum and dissolved in UKS-solution (9.5 M 
urea, 5 mM KzCO2, 1.25% sodium dodecyl sulfate (SDS), 
0.5% dithiothreitol (DTT), 2% LKB (Gr/ifeling, FRG) ampho- 
fines pH 3.5 to 10, 6% NP-40). Non-soluble material was sepa- 
rated by centrifugation. 

Two-dimensional electrophoresis. For the first dimension the 
proteins were separated on 18-cm-long isoelectrofocusing (IEF) 
rod gels (1.5 mm diameter). The gel mixture was 4.2% acrylam- 
ide, 0.2% N,N'-methylenbis-acrylamide, 9 M urea, 3% NP-40, 
6% carrier ampholytes (LKB) consisting of a mixture of one- 
fifth Ampholine pH 5-10, two-fifths Ampholine pH 4-6, one- 
fifth Ampholine pH 5-8,  one-fifth Ampholine pH 7-9. The IEF 
was performed for 14000 V.h. The rod gels were equilibrated 
in 10% (w/v) glycerol, 2.3% (w/v) SDS, 5% DTT and 0.625 M 
2-amino-2-(hydroxymethyl)-l,3-propanediol (Tris)-HC1 pH 6.8. 
In the second dimension the focused proteins were either sepa- 
rated on a 12.5% or on a gradient (7.5-15%) polyacrylamide 
gel overlaid with a 4% polyacrylamide stacking gel (Laemmli 
1970). After the tracking dye (bromophenol blue) had run to 
the bottom the gels were fixed in 6% (w/v) TCA, 5% (v/v) 
ethanol and then prepared for fluorography according to Bon- 
her and Laskey (1974). Methylated i~C-proteins (Amersham) 
were used as molecular-weight markers for SDS gel electro- 
phoresis. 

Extraction and in-vitro translation of polyadenylated RNA (po- 
ly (A) RNA). Extraction of poly(A)RNA was done as described 
in Bartels and Thompson (1983). The poly(A)RNAs were trans- 
lated in rabbit reticulocyte lysate, which was prepared and used 
according to Jackson and Hunt (1983). For 20-t*1 translation 
assays, saturating amounts of poly(A)RNA (0.5-1 gg) were in- 
cubated for 2 h at 30 ~ C, using 3.77.105 Bq [35S]methionine 
(3.02.1013 Bq-re too l -1  Amersham). For IEF separation, urea 
(11 mg. 10 ~tl-~) was dissolved in the in-vitro translation assay 
and an equal volume of sample buffer (9.5 M urea, 2% Ampho- 
lines - same composition as for IEF gels -,  5%/~-mercaptoetha- 
nol and 2% NP-40) was added. The sample was immediately 
loaded onto a rod gel. 

Results 

Germination capacity of isolated embryos. To ob- 
tain embryos typical for the various developmental 
stages, in addition to dissection from the seed at 
a precise day after pollination (DAP), grain weight 
and embryo length were also controlled and taken 
as indicators of embryo growth (Fig. I a). Excised 
embryos were capable of precocious germination 
as early as 8 DAP (Fig. 1 b). Their desiccation tol- 
erance was tested by subjecting them to a drying 
treatment as specified in Material and methods. 
During desiccation the embryos lost between 50 
and 60% of their fresh weight and around 96 98% 
of the initial water content. After the drying treat- 
ment the embryos were incubated on filter paper 
soaked with GM to test their germination capacity. 
More than 95% of the embryos excised at 15 DAP 
germinated on GM despite the drying treatment. 
Younger embryos did not have this capacity, al- 
though they germinated precociously if not dried. 
The conclusion is that during embryo development 
the ability to germinate after drying is acquired 
at a later stage than the ability to germinate preco- 
ciously without a drying treatment. 
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Fig. 1 a, b. Monitoring embryogenesis of  Hordeum vulgare, a 
The grain weight ( e - - e )  was determined and the embryo 
length ( x - -  x ) was measured at the indicated days after pol- 
lination (DAP;  removed from the ear). Each measurement rep- 
resents the average of  30 embryos, o - - - � 9  Length of embryos 
during in-vitro culture on ABA with 10- and 12-DAP embryos 
on ABA (100 pM). b Embryos were isolated from seeds at dif- 
ferent DAP;  the capacity of embryos to germinate precociously 
was tested for embryos in the fresh state ( x - -  x ) or for dried 
( o - - � 9  embryos, w - - m ,  Germinat ion capacity of embryos 
which were excised at 10 DAP and cultured in vitro on 100 pM 
ABA, Embryos were removed every day, dried and then tested 
for germination. Each time point and treatment represents the 
average of 30 embryos 

Influence of exogenous ABA on the acquisition of 
desiccation tolerance. In the presence of ABA, pre- 
cocious germination of immature isolated embryos 
grown in vitro could be arrested. Concentrations 
of ABA between 10 2 and 10 .3 pM were tested; 
no germination was observed with concentrations 
above 1 pM; 102 gM ABA was chosen for subse- 
quent experiments. During in-vitro culture in the 
presence of ABA the size of the embryos increased, 
although not as much as in vivo (Fig. 1 a). 

When isolated embryos were cultured in the 
presence of ABA, they acquired the capacity to 
germinate precociously after drying for a shorter 
time interval in comparison with the time course 

for embryos isolated each day from an ear. Every 
day a sample was removed and the germination 
capacity tested after the drying treatment. Three 
days after culturing on ABA (corresponding to 
13 DAP in vivo), more than 95% germination ca- 
pacity could be reached, a value higher than that 
of 20% shown by embryos of 13 DAP directly dis- 
sected from the plant (Fig. lb). When embryos of 
7-10 DAP were subjected to the same treatment, 
desiccation tolerance could not be induced by 
ABA. It is concluded that ABA induces the toler- 
ance response, but only in embryos which have 
reached a particular developmental stage. 

Gene expression investigated by in-vivo labelling of 
intact embryos. Embryos of different ages were in- 
cubated in the presence of [3SS]methionine and the 
extracted proteins characterized by gel electro- 
phoresis. The results obtained from labelling 10- 
and 16-DAP embryos for 2 h are reported in 
Fig. 2. The two stages of development allow a com- 
parison of the protein pattern of intolerant em- 
bryos with that of a desiccation-tolerant stage. A 
set of proteins was identified which is present at 
a high level in 16-DAP embryos and absent or 
present only at a low level in 10-DAP embryos 
(as indicated by arrows in Fig. 2b). The appear- 
ance of some of these proteins belonging to the 
group identified here may specifically correlate 
with the onset of a biochemical pathway leading 
to desiccation tolerance. 

The effect of the ABA treatment on growth 
and properties of isolated embryos was studied by 
analysing the time course of label incorporation 
into proteins. Embryos of 16 DAP, a stage where 
most proteins of a fully developed embryo are al- 
ready synthesized, were labelled on G M + A B A  
medium for 0.5, 1, 2, 4, 8 and 24 h and the results 
compared with those of embryos incubated on GM 
only. Incorporation of [3SS]methionine into em- 
bryos was detected as early as 0.5 h after incuba- 
tion. On GM, embryos started to germinate, giving 
rise to a group of proteins not present in vivo at 
16 or 18 DAP. These proteins started to appear 
after an incubation period of 4 h and they were 
designated 'germination-related' (GM) proteins. 
Proteins from all timepoints studied were visual- 
ized by two-dimensional gels. In Fig. 3, sectors of 
two-dimensional gels are presented which show the 
most important differences between the protein 
patterns from embryos incubated for 24 h on GM 
and GM + ABA. Under the experimental condi- 
tions described, ABA interferes with protein syn- 
thesis by suppressing the appearance of germina- 
tion-related (GM) proteins which probably lead to 
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Fig. 2a, b. Isolated 10-DAP (a) and 16-DAP (b) barley embryos were labelled for 2 h with [35S]methionine, and the proteins 
were compared by two-dimensional electrophoresis. In the second dimension (SDS-PAGE) the proteins were separated in a 7.5 15% 
gradient gel. A fluorograph of the labelled proteins is presented. Proteins of  16-DAP embryos which change in comparison 
with those at 10 DAP are indicated by arrows.  The area of the protein pattern which is considered in Fig. 3 is indicated 

Fig. 3. Sections of a two- 
dimensional gel separation are 
shown as indicated in Fig. 2b. 
Barley embryos (16 DAP) were 
labelled with [3SS]methionine for 
24 h on GM or GM + ABA. 
A r r o w s  point to the GM-related 
proteins 

the germination pathway. The effect of ABA will 
be further considered in experiments dealing with 
in-vitro translation of mRNA (see later). 

Expression of poly ( A ) RNA during embryogenesis. 
Polyadenylated RNA was isolated from 10-, 12-, 
14-, 16-, 18-, 22-DAP and mature embryos and 
translated in vitro. The proteins synthesized were 
separated by two-dimensional electrophoresis. Fi- 
gure 4 a shows the in-vitro-synthesized proteins de- 
rived from poly(A)RNA of 16- to 18-DAP desicca- 
tion-tolerant embryos. This pattern is schemati- 
cally presented in Fig. 4b, to which the other pat- 
terns (data not shown) were related. Major changes 
were observed between 12 (desiccation-intolerant) 
and 16 days (desiccation-tolerant), and the promi- 
nent polypeptides which change during this time 
interval are indicated and numbered. All the 
changes observed are summarized in Table 1. Sev- 
eral proteins are not present, or are present at a 
much lower level, in products resulting from RNA 

translation of 10- to 12-DAP embryos. Several po- 
lypeptides appear first at around 16 DAP, a stage 
that can be considered a switch point in the syn- 
thetic activity of the barley embryo. Only spot 
No. 28 was identified to be present at 10 and 
12 DAP but missing in the translation products 
from embryos of 14-16 DAP onwards. Between 
16 and 22 DAP the mRNA population available 
for in-vitro translation does not seem to change. 
The pattern of in-vitro-synthesized proteins de- 
rived from poly(A)RNA of mature embryos shows 
only a few quantitative changes when compared 
with the 16-DAP pattern. 

Expression of mRNA from dried embryos. As de- 
scribed, 16 18 DAP embryos have the ability to 
germinate after desiccation. The influence of the 
drying treatment on the expression of poly(A) 
RNAs available for in-vitro translation was inves- 
tigated. Twelve-DAP and 16- to 18-DAP embryos 
were isolated, dried and poly(A)RNA was extract- 
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Fig. 4. a A fluorograph of in-vitro-synthesized proteins derived from poly(A)RNA of 16- to 18-DAP barley embryos. The proteins 
were first separated by isoelectric focusing and then in a 7.5-15% gradient polyacrylamide SDS gel. b A tracing of the protein 
pattern of a is presented; the proteins which change in comparison with other translation patterns (10- to 12-DAP embryos, 
mature embryos, ABA-treated embryos, dried embryos) are indicated and numbered (see also Table 1 for a summary) 

ed and translated in vitro. The protein pattern ob- 
served indicates that in our in-vitro system all the 
mRNAs present in fresh embryos remain transla- 
tionally functional also in dried embryos. The ex- 
pression of one polypeptide appears to be en- 
hanced during this drying process (see Fig. 4, spot 
no. 31). 

Effect of  ABA on the expression of  mRNA during 
embryogenesis. As mentioned earlier, when isolated 
embryos (10 12 DAP) are cultured in vitro in the 
presence of ABA, embryogenesis continues so that 
desiccation tolerance is acquired. Therefore the 
pattern of RNA expression during this in-vitro cul- 
ture was studied. Young embryos (12 DAP) were 
cultured on ABA for 5 d, then the m R N A  was 
extracted and translated in vitro. The translation 
products were separated in a two-dimensional gel 
and the protein pattern was compared with the 
in-vitro translation pattern obtained from m R N A  
of 16- to 18-DAP embryos. Out of the translation 
products enhanced or synthesized de novo when 
16- to 18-DAP embryos were compared with 12- 
DAP embryos, a set of  ten translation products 
increased during the in-vitro culture on ABA, the 
other translation products which were induced in 
vivo between 12 and 16 DAP were not induced 
during the in-vitro culture on ABA (see Table 1). 

Discussion 

Isolated embryos have been used as an experimen- 
tal system to investigate morphogenetic and other 

developmental processes. Rogers and Quatrano 
(1983) distinguished five stages of embryo develop- 
ment in wheat. Their description applies also to 
barley: stage I corresponds to the undifferentiated 
embryo; stage 2 to rapid cell divisions; stage 3 to 
completion of  tissue differentiation; stage 4 to in- 
creasing cell size and storage protein accumula- 
tion; and stage 5 to the onset of desiccation leading 
to developmental arrest. The events we describe 
take place during stages 2 and 3. Early in stage 2, 
barley embryos have the capacity to germinate pre- 
cociously, a characteristic behaviour of  the embryo 
of several plant species (for reviews see Raghavan 
1976, pp. 163-203; Rappaport  1954). Between 
phases 2 and 3 the transition from desiccation in- 
tolerance to tolerance takes place. A similar obser- 
vation has been reported for the developing maize 
embryo which germinates precociously at a devel- 
opmental stage well separated temporally from the 
acquisition of desiccation tolerance (Bochiccio 
et al. 1988). It is now well established that young 
embryos of these Gramineae can remain viable 
after a drastic drying treatment which reduces their 
water content to around 5%. For other species, 
such as Ricinus communis (Kermode and Bewley 
1985) and Phaseolus vulgaris (Long et al. 1981), 
the permissive level of drying is higher (23% and 
15% respectively). It was not tested, whether the 
younger embryos might be desiccation tolerant if 
they were dried more slowly. Kermode and Bewley 
(1985) reported for Ricinus communis seeds that 
the younger the seeds were the more slowly the 
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Table 1. Survey of  major  in-vitro synthesized barley embryo 
polypeptides which change according to DAP and presence of  
ABA 

No. of  Comparat ive  Modi- Increase or  
polypeptide intensity at fication decrease of  
(in Fig. 4b)  18 DAP versus by ABA 2 intensity 

12 DAP 1 mature  embryos 
versus 18 DAP 3 

1 + + +  + 

2 + +  -- 
3 + +  -- 
4 + -- 
5 + -- 
6 + -- 
7 + + +  -- 
8 + + + +  
9 + -- 
10 + +  - -  

1 1  + + +  - 

1 2  + +  - 
13 + + +  + 
14 + + +  ? 
15 + -- 
16 + +  -- 
17 + +  ? 
18 + + 
19 + + + +  
20 + + +  -- 
21 + + +  + 
22 + + +  + 
23 + + + 
24 + +  + 
25 + + -- 
26 + + +  - 
27 + + +  - 
28 only present 

in 12 DAP 
29 + + - 
30 + + - 
31 enhanced in 

dried embryos 
32 + + - 
33 + + +  - 
34 
35 + + +  + 
36 + + - 
37 + + - 
38 + + +  + 
39 + +  - 
4O + + -- 

+ +  

+ + +  
+ +  

m 

+ + +  

1 Compar i son  of  the expression of  in-vitro-synthesized proteins 
f rom 16- to 18-DAP embryos.  The number  of  crosses indicates 
the different intensities of  the proteins on the film 
2 +  =polypept ides  appearing during in-vitro culture in the 
presence of  A B A , -  = polypeptides which appear  in vivo at 16- 
18 d but were not present in ABA-treated embryos in vitro 
3 Only those of  polypeptides are marked which differ in their 
expression in mature  embryos  compared with 18-DAP em- 
bryos:  -- = expressed at a lower level in mature  embryos;  + + or 
+ + + = expressed at a higher or much  higher level in mature  
embryos.  Proteins which are not  marked do not  change 

drying needed to take place for tolerance to drying 
to be manifest. A further observation is that in 
the barley embryo the onset of desiccation toler- 
ance is acquired before the normal maturation dry- 
ing of the seeds starts. This is also characteristic 
for several other seeds (Kermode and Bewley 1987) 
and indicates that dehydration of the seed itself 
is not a prerequisite for the expression of  desicca- 
tion tolerance in the developing embryo. 

To address the question whether the acquisition 
of desiccation tolerance can be related to the ex- 
pression of specific gene products, protein patterns 
were compared from a non-desiccation-tolerant 
and a desiccation-tolerant stage during embryo de- 
velopment. The patterns of in-vivo and in-vitro- 
synthesized proteins show that a set of  25-30 pro- 
teins and mRNAs exists which is synthesized de 
novo or enhanced during the stage of embryogene- 
sis which leads to the desiccation-tolerant stage 
(Fig. 4). However, these molecular components are 
not necessarily related to desiccation tolerance. 
Their synthesis may result from the action of genes 
not correlated to desiccation but activated during 
the same developmental period. The disappearance 
of certain gene products could also lead to the 
acquisition of desiccation tolerance, but only very 
few possible candidates for such a mechanism were 
identified during these studies (spot. no. 28 in 
Fig. 4). It has also to be emphasized that mRNAs 
have to be present in a certain concentration in 
order to detect their translation products, therefore 
products derived from low-abundance mRNAs 
may not be visible. 

The observation that a new set of proteins is 
expressed as embryos develop is in agreement with 
similar findings describing embryo development in 
other species (Crouch and Sussex 1981; Quatrano 
et al. 1983; Galau et al. ]986; Sanchez-Martinez 
et al. 1986). In cotton and in maize, the best-de- 
scribed systems so far, a set of  early and late em- 
bryo-specific mRNAs were identified (Galau et al. 
1986; Sanchez-Martinez et al. 1986). 

In barley the effect of drying per se on m R N A  
expression was also studied. The rationale of these 
particular experiments was to reveal if the switch 
from intolerance to desiccation tolerance can be 
correlated with a differential response to desicca- 
tion of the population of mRNAs extracted at 12 
and 16 DAP. The drying treatment applied to a 
desiccation-sensitive phase can result in a severe 
decline of translation capacity. For example, in 
germinating pea axes, desiccation causes modifica- 
tions of the protein-synthesizing program which 
reverts to earlier stages of  germination (Lalonde 
and Bewley 1986). The major outcome of our ex- 
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periments  was that  the m R N A s  of  desiccation-in- 
to lerant  and to lerant  embryos  remain funct ion-  
al for  t ransla t ion during the drying process, One 
polypept ide  (No. 31 in Fig. 4) was found  which 
seems to be enhanced as a result o f  the drying treat- 
ment .  It was visible in the t ranslat ion products  o f  
bo th  the 12- and 16-DAP-derived m R N A  samples. 

In addi t ion to the experiments  repor ted  here 
for  barley, in several o ther  plant  systems, preco- 
cious germinat ion o f  excised immature  embryos  is 
prevented and embryogenesis  cont inues in the 
presence o f  suitable concentra t ions  o f  ABA (Qua- 
t rano 1986). Dur ing  culture on ABA the embryo  
also acquires the ability to resist desiccation, as 
is shown in Fig. I b. Tha t  desiccation tolerance can 
be developed in vitro has already been demon-  
strated for embryonic  axes of  Phaseolus (Long 
et al. 1981). We emphasize,  however,  as poin ted  
out  by Morris  et al. (1985), that  the suitable A BA  
concent ra t ion  for these experiments needs to be 
carefully tested. For  instance, in our  system, pro- 
teins mos t  p robab ly  related to germinat ion  had al- 
ready appeared  on G M  medium after  a 4-h incuba- 
tion period,  but  they were normal ly  suppressed by 
100 gM ABA. 

Besides repressing the G M  proteins,  the A BA  
applied in vitro for  5 d to barley embryos  o f  
12 D A P  repressed a set o f  proteins present  in the 
t ranslat ion pat tern  o f  16- to 18-DAP mRNAs ,  and 
absent  or not  so abundan t  at 12 DAP.  This re- 
stricts the number  o f  prote in  products  associated 
with the onset  o f  desiccation tolerance. In fact, 
desiccation tolerance acquired in the presence o f  
AB A during in-vitro embryo  cult ivat ion can now 
be associated with a set of  po!ypeptides smaller 
than  that  obta ined by compar ing  m R N A s  extract- 
ed and translated f rom 12-DAP and 16- to 18-DAP 
embryos.  

A second group o f  polypeptides was found  to 
be control led by ABA during the,' in-vitro cultiva- 
t ion o f  barley embryos.  This is a small set o f  pro- 
tein componen ts  whose appearance  is st imulated 
by AB A (see Table 1). Tha t  a par t icular  set o f  
m R N A s  is induced by A B A  corresponds  to obser- 
vations made  in several o ther  embryo  systems such 
as maize (Sanchez-Mart inez  et al. 1986), wheat  
(Qua t rano  et al. 1983), co t ton  (Galau et al. 1986), 
Brassica (Crouch and Sussex 1981), soybean 
(Eisenberg and Mascarenhas  1985), and Viciafaba 
(Barrat  1986). Most  o f  these investigations, how- 
ever, focused on embryo  storage, proteins which 
are induced by ABA. In the barley system the low 
number  and level o f  such ABA-induced  m R N A s  
ma y  depend on the par t icular  stage o f  deve lopment  
studied. 

The results presented here indicate that  the on- 
set o f  desiccation tolerance is tempora l ly  corre la ted 
with the appearance  o f  a small set o f  polypeptides,  
the identities o f  which are clearly of  great interest. 
Future  studies will centre on identif ication o f  
cloned coding sequences for these polypeptides and 
definit ion o f  their roles during the stage o f  acquisi- 
t ion o f  desiccation tolerance. 

We wish to thank Barbara Eilts and Margret Feck for excellent 
technical assistance and Margrit Pasemann for typing the man- 
uscript. 
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