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- 
mediated of This 
of of 
devoted to an  analysis of 

16A). the 
of the 

is  discussed. 

- "Transformation  génétique pour des  caractères  de  qualité  chez l'orge".  Des  procédés ont  été  développés pour  l'orte, 
permettant la transformation  des  cellules  des  cellules  de  l'aleurone par absorption  de à l'aide de  polyéthylène  glycol et 
la transformation  des  cellules  de  l'endosperme en cours  de  développment en utilisant le bombardernent  avec  des  particules. Ceci 
permet  d'analyser la régulation  de  l'expression  des  gènes  dans  ces tissus en cont<!lant  l'expression  des  gènes introduits. ce 
qui concerne l'aeurone, les études portent sur  une  analyse  des  éléments  qui  cis-agissent"  chez les gènes  réagissant aux 
phytohormones  acide  gibérellique et abscissique (a-amylase et rab 16A). Chez les cellules  de  l'endosperme, les études  réalisées 
visent à identfier  les éléments  responsables  de  l'expression  spécifique  des  hordéines pour chaque tissu. Les stratégies  actuelles 
visent d établir  une  transformation  stable  chez l'orte au moyen  de la transformation  de  protoplastes ou du  bombardenzent  avec 
des particules appliqué aux suspensions  de  cellules  intactes on aux microspores. Le potentiel  de  transformation en vue de la création 
de  nouvelles  variétés  améliorées d'orge de  malterie est discuté. 

Introduction 

is as a 
as feed livestock, 

is used as malt the of 
in 

and  a 
malt can thus be specialized 

also a than  conventional 
feed e.g., in the is 
typically of the of 20%. 

A 
following of size, 

a low 

vitality in 
content, high yield 

of and the ability to sufficient amounts of 
etc. a 

of 
addition in the 

foam  and stability of the 

is with  a long 
and 
thus 

potentialities genetics to to the 
of  new  malting allowing 
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a and economically way 
of making high quality 

One of  the exciting possibilities and 

the of genes 
into malting genes 

wild species as well as endogenous genes, 
modified  by mutation and 

the 
techniques and 
a 
knowledge is sufficiently advanced to allow genetic 

of genetic 

Transient  gene  expression 

General aspects 

When exogenous is into a cell it 
may be stably in the host genome and 

to it in a 

is not inactivated, it can be 
using the endogenous of the cell. 
While of the continue, 
the is only a few days, i.e., 

indicate that only  0.1-5%  of the cells the 
gene has a stable of the gene 

et  al., 1990; et  al., 1990). The 
(0.1%) was found  in  cells  with an 

into plants while the high was 
in non cell lines. 

of view,  stable 
a 

genes with a fidelity 
to that found vivo, that they 

using 
may be completed within a week, while a 

using stable is 
and months of 

of seeds. 
gene 

used to assess the of  new 
genes they in the by stable 

Transformation of aleurone cells 

Upon imbibition of into the the 
living tissues, i.e., the and the 

activated and enzymes into the 
tissue. conventional biochemical analyses, 

peeled off the tissue and 
of 

with to time in 
to stimuli such as Ca2+ 

of 
cells a 

analysis of of gene at the level of 
the individual gene: the sequence of the gene 
selected study is fused to a suitable gene, the 

of the gene 

A technique has been established isolating and 
of 

et  al., 1990). The 
technique is a combination of that by  Jacobsen 
et  al. (1985)  and Lee et  al. (1985) and the 

polyethylene glycol mediated 
of the adapted et  al. (1987) 
and Lee et  al. (1989). of the huskless 

longitudinally the of the seed. Following 
a and imbibition step, the with 

testa and is peeled off 
to a digestion with cellulase. 16 

to the medium and the 

1 X lo6 can be isolated 
50 using this technique. mediated 

washed  and by 
the studies the 

gene coli acetyl was 
combined  with  the  pea §§U E9 3’ (Lam et al., 
1989) and 5’ sequences of the genes selected 

study fused to the CAT  gene. 
using the constitutive 35s showed CAT 

two  days the assay  used 
detection of CAT activity being that of et 

al. (1982). 

This is being used to study the 
effects abscisic acid 

acid  (GA)  on gene in 
The in with 

John at the 
(Olsen et  al., 1990). ABA 

the of a specific  set of genes, 
seed which  may  be involved 

in and  desiccation GA 
the of 
including a-amylase. The 

of alpha-amylase, while the of 
is inhibited by  GA. To 

the effect of the on specific gene 
the of an gene 
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16A, Chua, 1988), and  two  GA- 
1 

fused to the CAT cassette. 

on the of 
the 16A gene in has delineated 

to be abscisic 
elements et al., 1990). 

Studies  using  oligonucleotides  containing  these 
sequences identifying the 
functions of 
element. containing 5' 
sequences of a-amylase genes  showed induction by  GA. 
This GA induction could be antagonized by 

Transformation of cells of the developing 
endosperm 

is of the 
and  may constitute 50% of the the 

The polypeptides synthesized 
in the developing cells, the being 

signal peptide cleavage 
and Subsequently 
polypeptides lumen of the 

polypeptides divided into 
to size, 

polypeptides have beenisolated and sequenced et 
al., 1985; et al., 1985; Entwistle, 1988; 

and of the 
sequences of the an 
high of homology  and a sequence  of extensive 
homology  is found 300 bp 5' of 
the  initiation  codon . This  motif is  also  found  in 

isolated 
genes  which  show specific in the 

et al., 1985). The of this  motif 
with to tissue specificity has been studied in 

a 
et al., 1990)  and a 

glutenin gene wheat (Colot et al., 1987) able 
to the of a gene in tobacco 

The data indicate that a few base 
of the tissue specific of 

activity is  also stimulated by an 
supply of filling as addition of 

in the total synthesis of 
and polypeptides (Giese and 

1984). 

As initial  studies  showed  that  it was 
impossible to of and 

containing cells it was  decided 
to  use the gun  (see et al., 1990 

establishing a system 
cells of the These studies 

aiming at analyzing  motifs in the 5' 
the of the genes with 

to the developmental stage of the the 
tissue specific of the  genes  as well as the 
effect of stimuli on 

pollination) 

coated  with plasmids the constitutive 35s 
the mosaic the tissue 

specific 
et al., 1985) in of the 

(GUS) gene. Coating of the was 
the et al. 

(1988) the by et al. 
2-3 days on solid 

modified LS-media Lee, 1977) at 24 OC 
assaying GUS by  addition of 5- 

et 
al., 1988). of the showing GUS 

subjected to histological analysis by 
fixation in embedding in 

sectioning to identify  the cell types 
the gene. cells cell 

in stained with  X-Gluc 
a a 

containing the gene encoding 
the CAT 

sectioned cells the with  the 
in of the GUS gene to be 

cells with the 
hand both cells with  and  without 
the with the 35s in of the GUS 
gene. to the  white 

in vitro of 
(17-19  days 

pollination). 
gene found in tissue 
with the Thin sections of 
showed  that the usually  two to cell 

thick, contained cells  without Those 

of the in 
tissue but could be in 

containing cells  below  this tissue 
1990). 
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Stable  transformation 

General  aspects 

exceedingly difficult to since the techniques 
successfully applied  to a of 
monocotyledonous plants (Agrobacteriunz mediated gene 

by 
of plants single cells) 

have out to be ineffective in the is now 
that  these 

difficulties a basic biological between 
the and plants, namely the capacity of 
a cell to and become 

the so called non species 
e.g. wound 

leaf bases, etc.  may  when infected with 
Agrobacterium when subjected to cultivation 

and an 
pathway, eventually in the of a plant 

a single cell. Often such potential is 
maintained even when the cell wall has  been by 
enzymes and the by 
using 

The second in of 
by means of Agi-obacterium 

be as shown et al. 
(1987) who found that although plant (maize 

into the of Agrobacterium 
could be to cells of 
was no evidence an of the into 
the host genome. 

to these 
a of has been e.g., injection 
of quantities of into (de 
la et al., 1987; et al., 1990), imbibition of 

into desiccated et  al., 1989), the 
use of the pollen tube as a 
into the newly egg cell (Lu0 and Wu, 1988), 

and of 
zygotic (see 

1989 and of pollen 
by et  al., 1990). None 
of 
evidence stable 

The in the on 
establishing cell suspensions only 

tissue such as zygotic 

suspensions can as a which 

attempted. the intact cells 
using the biolistic technique, coated high 
velocity the cell 
wall of cells. This has  been 

of 
japonica and indica of 

et  al., 1989; et  al., 1990)  and 
maize  plants has been 

et  a l . ,  1990) 
et  al., 1988) 

et  al., 1990; 
et  al., 1990) . In these cases the neomycin 

antibiotic kanamycin the gene giving 
to  the been used as selectable 

that the cells the long 
to establish the adapted 

phase accumulate mutations at the 
gene, and genome level. This so called 

of 
albinism and maize of the 

has been a 
et al., 

of wheat have likewise out to be 
completely (Vasil et al., 1990 and 

by Vasil at the on 

capacity is genotype dependent 
and finding 

. 

at only  two examples of 
of plants plantlets 

(Quisheng et al., 1990; and 
1990) while it is somewhat to 
plants intact suspension cells. plants have 

established zygotic and 
1987). 

As outlined above, the easiest to 
of 

of 

into plants. A to this 
is to induced to 

of this 
technique being that the plants to be 
completely (Olsen, 1987). Field tests of 

selfed of the ‘1,’ thus showed 
that  only 1% of the 200 lines tested deviated seed 

with to and 
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Transformation of protoplasts from 
suspension cultures 

have been  aimed at establishing 

of isolated calli 
on solid media the suspensions. Suspension 

initiated calli 
To shoot and 

the peeled off the 
of 

cultivated on solid medium  with the scutellum facing up 
of the  callus  is 

avoided using the omitting 
is to select the 

type of callus and  yellowish callus - not 
to isolation initiation of 

cell suspensions. The type  of callus has in maize 
been classified as callus and 
1986). 

studies have been to establish good 
as to  define  the 

conditions 
1990)  using a developed 
(1988). Zygotic isolated 13,  16, 19, 22,  26  and 
30 days pollination to the 
optimal stage of development induction of 

The peeled  off  and the 
on  L2-media and 1988) 

solidified with 8% 1 
2.5 mg/l maltose, glucose 

(30 gb).  The  best  calli 

pollination and on media with maltose as the 

in on 1 2.5 mg/l  2,4- 
A of media tested the initiation of 

suspension but so cell suspensions only on 

supplemented  with 2 mg/l and 60 g/l  maltose. 
isolated calli on solid media 

suspensions. The digestion days 
of 

of calli on solid media. The cells 
digested  using  the by and 
(1988) and following the viability of the 

was evaluated using diacetate 
staining.  2-4x106 isolated of 
tissue. Two 
used,  i.e.,  the developed by et al. 
(1987)  and modified  by Lee et al. (1989)  and the 

(1989). 
Testing of a of 
weight 6000 to be optimal. 

studies establishing 
assays the GUS gene, using the 

assay GUS  activity  (Scott et al., 1988). 
35S-CAT in the 

of the 
out to be 

oat but solved 
by the cell used the 

of polyvinyl 

is thus 
in of compounds  which 

GUS enzyme quenches  the 
compounds  which  may dead 

Two the constitutive 35s 
and the of maize,  which is 

induced by hypoxic conditions, 
of the  GUS  gene. The 

also included  the effect of the 557 
bp long 1 of the maize alcohol 
gene 1 between the the gene. This 

has in  maize been gene 
in studies by a of 

2-20  (Callis et al., 1987). The of 
by 50% to the less 

of 
enough, the 1 

used cells, showed 
a level of to that of 35s-GUS. This 

lack of tissue specific has also  been 
a zein which out to be 

active in et al., 1987), while 
studies have  documented the lack of of 

by the zein in 
(Schwall  and Feix, 1988). is 

that even though  suspension cells 
cells they  should not be evaluating 
tissue specificity ‘of activity. 

Microspore  embryogenesis 

is now shown in a of species  that 
can be induced to and switch 

a 
one (Fig. 1) (see 1985; Sangwan 

and 1987 and in some 
species amounts of plants ean be 

This method has been 
a of new 

being by 
Evans, 1988; Thomes, 1990). the techniques 

of 
have substantially the last 

few now  on way to become 
making lines in conventional 

time consuming 
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Fig. 1. The  life  cycle of of 

optimization of the conditions of A 
plants, the of the spikes and and technique has been established a 

of the  media  used, in and gentle isolation of the ‘1,’ 
a high of of 

19S2; Olsen, 19S7; 1987). 

the it is to spikes on 0.3 mannitol 
have techniques efficient isolation- 3-4 in medium. The 
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was and 

multiwell dishes. the 

which subsequently can be to 
plants on solid medium. This technique which was 
developed isolation buds of 
Brassica (Coumans et  al., 1989) is to the 

of the 
with a 1974). With  the 

technique a plants and 
0.4 albino plants (a total of 2250 97 albino 
plants) while  only a mean 
of  2.8 albino plants (a total of 676 
and 40 albino 
isolated of the with the teflon 

A of 

selected mass of isolated This 
is impeded by the wall  which is 

difficult to by the injection needle  and 
by a high of the 

in the blocking of the of the 
injection needle  by cytoplasm of the 
wall. is possible to identify stages in the 
development of the 

of the wall  is possible. 
was into the cells exposed 

upon of the wall by the 
is that the cells 

injection needle 
stop This has not been 

A has been initiated, 
of 

achieved  by of pollen of tobacco, 
using a pollen specific tomato fused to the 
GUS gene (Twell et  al., 1989). This 
that  the  tungsten indeed able to the 
pollen wall  without killing the  cells. 

Transgenic  plants  for  the  brewing  industry 

When a system has been established 
plants to 

fungi, be the 
case a of plants. the context, 

of 
objective, it can be envisaged that 

quality specific compounds can be 
This may  be  achieved  by manipulation of endogenous 
genes, by genes isolated 
species by 

Likewise specific be 
to and 

- 51 - 

At a of limitations to  the 
application of developing 

new namely:  (a) So only single genes  can 

multigene as well as the technology 
(b) The  knowledge on the 

of the is still 
even  though the must be to one 
of the best plant Thus little is known 
about the biology of the 

to at 
only 

manipulation.  (c) With 
a 

of an endogenous gene by one modified  by 
genetic 

a 
knowledge is sufficiently advanced to allow .a 

manipulation of the 
These cases may be used  as pilot studies 

elucidating the potential of the 
A detailed of these cases 

is given by von Wettstein (1989) and' will only be 

malting the 
of the walls, the 
insufficiently as the endogenous (1-3,1-4)-13- 
glucanases due to a inactivated 

kilning and  mashing. ß-glucans  will  thus 
clog up the of To 
solve this a ß-glucanase gene has 
been by combining size 
of  ß-glucanase  genes amyloliquefacietzs and B. 
macerans et  al., 1989; Olsen and Thomsen, 
1989). Analyses of the specific activity of the 
enzymes at 
and optimum  as well as model  mashing  studies 

that e.g. an enzyme consisting of the 16 
amino  acids ffom B. amyloliqefaciens 
198 amino acids B. macermzs as  well as enzymes 

B .  
amyloliquefaciens and  the last 107 amino  acids B. 
macerans active the conditions mashing 
even 15 min at 76OC. will thus be of 

as well  as to 
with these the of a 
ß-glucanase to see the heat 
stable Baci l lus 

a 
blocking 

thus an to  conventional  mutagenesis 
eliminating the synthesis of  unwanted  compounds 

(see Lewis, 1989 to the 
chalcone synthase has  thus  been  used blocking the 

of anthocyanins  in in the 
of  new of the et 
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al., 1989). the tissue of the 
contain which end up in the and 

in haze 
a of 15 mutation has in 
the isolation of than 700 
mutants which  by complementation analysis has been 
assigned to six genes in the metabolic pathway 

1987). such mutants has 
an excellent haze stability (von Wettstein et al., 1985). 

in spite of intense it has not 
yet been possible to develop a 

which with to malting quality and 
yield is competitive with the used. 
will thus be an possibility to with 

of it can  be 
assessed if a blocking of this  pathway  by antisense 
has  less  side  effects on yield than 
elimination by mutation. 
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