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Spotlight on tree crops 

Specif ic pro111oters 
for genetic engineering 

of the rubber tree 

T he choice of a promoter, for a 
genetic engineering programme, 
needs to take into account both the 

physiology of the plant and the application 
being sought, in order to optimize the 
expression of the transgene. 

In the case of rubber trees (Hevea 
brasiliensis) , genetic engineering is being 
considered in order to improve existing 
varieties, but also as a physiological study 
tool intended to analyse or confirm the 
function of certain genes. In addition, sev-
eral teams are interested in Hevea as a 
"green bioreactor" for production by the 
latex of marketable molecules other than 
rubber (molecular farming). In the case of 
an application seeking to improve rubber 
production or for molecular farming, it is 
important that the promoter used guaran-
tee optimum expression in the latex cells 
(laticifers), and if possible in the latex 
cells only, so as to disturb the tree as a 
whole as little as possible. Hence our 
search for a promoter specific to those tis-
sues. 

We are also seeking for a promoter that 
can be induced by ethylene, in order to 
induce or strengthen transgene expression 
under farming practices calling for ethylene 
treatment ( ethephon or ethylene gas) to 
stimulate production. The use of ethylene 
stimulants needs to be limited, since over-
stimulation, like over-tapping, can cause a 
physiological imbalance in the tree and 
penalize production. One possible strategy 
to limit this risk is to genetically modify 
Hevea in such a way that certain endoge-
nous genes involved in protecting cells from 
oxidative stress, which is itself generated by 
over-exploitation, are over-expressed. By 
using a promoter that is inducible or over-
expressed by ethylene, the activity of the 
transgene would be stimulated when most 
needed by the plant. 

Chosen promoters: 
hevein and glutamine 
synthetase 
A certain number of genes expressed in 
latex have been cloned in cDNA form. Sorne 
of them meet the expression criteria being 
sought. 

Laticifer-specific promoter 
Hevein is a small lectin-like protein involved 
in latex coagulation mechanisms. It is only 
present in the latex cells, as shown by 
immunolocalization tests (figure 1). The 
genes coding for hevein are therefore good 
candidates for cloning promoters that are 
specific to the laticifers. In addition, their 
level of expression in latex is very high, sug-
gesting high promoter activity. Low expres-
sion of hevein has been detected on RNA 
extracts from leaves, but it probably origi-
nated from the latex cells located in the 
leaf ribs. 

Ethylene-inducible promoter 
Severa! genes have been identified whose 
expression is specifically controlled 
by ethylene in latex, including a gene 
encoding glutamine synthetase, which is 
highly over-expressed from 6 to 12 h after 
ethylene treatment (figure 2). It is the 
earliest response to ethylene described, in 
terms of gene expression. 

Cloning and molecular 
characterization 
Severa! genomic clones coding for hevein or 
glutamine synthetase have been obtained 
by screening a genomic library (genotype 
RRIM 600) with cDNA probes. 

Whilst highly homologous in terms of 
sequence, the different genomic clones of 
hevein obtained could be classed in two 



Figure 1. 
lmmunolocalization of hevein. Cross-section 
of a stem from a young plantlet incubated with 
polyclonal antibodies raised against hevein. 
LC: latex cells 

groups (I and II). A representative of each 
of these two groups of genes (hevl and 
hev4) was chosen for a detailed functional-
ity analysis of the promoter. 

Three different genomic clones coding 
for glutamine synthetase have been ob-
tained (gsl, gs2 and gs3). Clone gsl 
corresponds to the cDNA initially described 
and used to screen the genomic library. 
Unfortunately, it was truncated and could 
not be used to isolate the promoting region. 
A new cloning strategy using a flanking 
sequence isolation technique based on PCR 
(polymerase chain reaction) is currently 
being implemented. The other two genes 
are highly homologous to each other in 
their transcribed region, but have different 
upstream regions. Both differ significantly 
from gsl. No known regulatory sequence 
involved in regulation by ethylene was iden-
tified after sequence analysis of the 
upstream regions. For the four clones cho-
sen (gs2, gs3, hevl and hev4) , the size of 
the upstream regions isolated for function-
ality analysis varied from 320 pb to 1.9 kb 
(table). 

Analysis of glutamine 
synthetase 
and hevein endogenous 
gene expression 
An analysis of the expression of hevein and 
glu tam ine synthetase endogenous genes 
was carried out on samples of latex stimu-
lated, or not, with ethylene, and on in vitro 

material at different stages of the somatic 
embryogenesis process (figure 3). Such an 
analysis was necessary to determine the 
choice of plant material to be used for the 
functionality study of the promoters. It 
showed that certain types of callus cells 
enabled expression of the GS and hevein 
genes. 

In the case of GS, the different isoforms 
revealed differential expression during the 
somatic embryogenesis process. For 
instance, isoform gsl was preferentially 
expressed in proliferating friable callus, 
whereas isoforms gs2/gs3 (without possible 
distinction) were preferentially expressed 
in callus undergoing embryogenesis, and in 
young embryos. Furthermore, the inducibil-
ity of the different GS genes by ethylene 
was confirmed, but with a greater range of 
over-expression for gsl than for gs2/gs3 
(without possible distinction). 

In the case of hevein, the high percent-
age of homology between hevl and hev4 
made it impossible to define specific probes 
which would have made it possible to carry 
out an analysis of differential expression. 
The hevein genes-without possible dis-
tinction-were expressed in proliferating 
friable callus, to the exclusion of ail other 
types of callus, and in the latest phases of 
development (mature embryo and plantlets), 
probably concomitantly with the develop-
ment of differentiated laticifers. 

Functionality 
analysis of the isolated 
promoters 

The upstream region of the clones hevl, 
hev4, gs2 and gs3 was isolated by PCR and 
cloned in a transformation vector in phase 
with the gus reporter gene. Such a con-
struct, after reintroduction into an appro-
priate cellular environment, will make it 
possible to study the functionality of the 
promoters by observing the activity of 13-glu-
curonidase, a product of gus gene expres-
sion. 

Transient expression analysis 
The functionality of a cloned promoter 
depends on the integrity of the isolated 
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sequence, but also on the cellular environ-
ment, which generates signais authorizing 
or not authorizing promoter activity. For 
that reason, the choice of plant tissues into 
which the constructs will be introduced and 
analysed is of great importance. Based on 
the results of endogenous gene expression 
analysis (figure 3) two kinds of rubber tree 
callus have been choosen (proliferating fri-
able callus and callus undergoing embryo-
genesis) in order to develop a transient 
expression system for analysing the regula-
tion of promoter activity. The biolistic tech-
nique (particle gun bombardment) can be 
efficiently applied to introduce plasmid 
DNA into rubber tree callus. This transient 
expression system will be used to analyse 
the regulation of both GS and hevein pro-
moter activity in response to ethylene, 
by treating the callus with ethylene 
inhibitors-as in vitro cultures usually pro-
duce a large amount of endogenous ethyl-
ene-and exogenous ethylene. However, 
other traits such as tissular specificity or 
response to wounding will be difficult to 
analyse with such a system. In particular, a 
study of the tissular specificity of the 
hevein promoter requires integration of the 
constructs in tissues with differentiated 
laticifers. Therefore, regeneration of trans-
formed plantlets stably expressing the con-
struct to be studied seems unavoidable. 

Stable expression analysis 
A process of stable genetic engineering of 
rubber trees, based on the Hevea somatic 
embryogenesis technique developed at 
CIRAD, is currently being developed. This 
process uses Agrobacterium tumefaciens 
as the gene transfer tool. To date, the 
phases of gene transfer, callus growth 
resumption after transformation and selec-
tion, have been optimized. It is already pos-
sible to obtain callus lines transformed in a 
stable manner. The final stage of regenera-
tion has not yet been completely mastered 
and is currently being worked on. 
Nevertheless, this process is already avail-
able to analyse the activity of the promoters 
at intermediary stages such as callus (for 
studying the inducibility by ethylene) or 
embryos (for analysing tissue specificity), 
based on the knowledge that mature 

Expression of glutamine synthetase genes in response to ethylene in virgin 
trees (first tapping) . 
Northern blot hybridization on latex total RNA. 
T, untreated contrai trees; E3-E48, trees treated with ethephon 3, 6, 12, 24 
and 48 h respectively before the first tapping. 
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Tableau. Size of the promoter region upstream of the translat ion initiation codon, in the initial genomic clone and after sub-
cloning in a transformation vector. 

Genomic clone 

gs1 En cours de clonage 
gs2 1.4 kb 
gs3 3.9 kb 
hev1 (group 1) 320 pb 
hev4 (group Il) 1.9 kb 

gsl 

gs2/gs3 

hev 

Figure 3. 
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Sub-clone 
{in transformation vector) 

plantlet leaf 
plantlet stem 
plantlet root 

. 
1kb 

0.9kb 
320pb 
19kb 

very young plantlet 
mature embryo 
developed embryo 
immature embryo 
embryogenic friable callus 
friable callus 
embryogenic compact callus 
integument callus at D25 
integument 
tobacco leaf 

LS latex from trees stimulated with 
ethephon ( 48 h) 

L latex from contrai trees 

Differential expression of the glutamine synthetase and hevein genes in response to ethylene and during the somatic embryogenesis process. 
Northern blot hybridization on total RNA; gs1, probe specific to isoform GS1 of glutamine synthetase; gs2/gs3, probe specific to isoforms GS2 and GS3 
(without possib le distinction); hev, full length cDNA probe coding for hevein (without possible distinction of the different hevein genes). 

embryos already bear differentiated latex 
ce lis. 

For several reasons, it seems worth 
studying these promoters in plant systems 
other than Hevea, especially systems for 
which genetic modification is faster and 
has been more effectively mastered. This 
would make it possible to demonstrate 
more rapidly certain regulation traits that 
are not specific to Hevea, such as the 
response to abiotic stress, including 
wounding, and to broaden the range of 
applications to other plants. For that rea-
son, we have started testing our constructs 
in two plant systems for which genetic 
transformation has been effectively mas-
tered: rice, a mode! plant for monocotyle-
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dons, and Arabidopsis, a mode! plant for 
dicotyledons. 

Partnership 
The hevein and glutamine synthetase genes 
were cloned under a Franco-Thai rubber 
biotechnology project involving the 
University of Mahidol, RRIT, IRD and 
CIRAD. 

Molecular characterization and promoter 
subcloning were conducted at CIRAD-
Montpellier, in the BIOTROP unit. 

Work to optimize the Hevea genetic engi-
neering method has been conducted in 
Thailand, under the DORAS (Development-
oriented in agrarian systems) project, 
in collaboration with the University of 

Kasetsart and RRIT. lt is now being carried 
on at CIRAD-BIOTROP. 

Analysis of promo ter functionality in both 
hevea and mode! plants will be carried out 
at CIRAD-BIOTROP. 

This work is supported by IFC. 

Conclusion and 
prospects 
This work has made it possible to clone 
promoters from two glutamine synthetase 
and two hevein genes from rubber trees. 
However, the merits of these promoters 
will only be established after a more in-
depth study of their regulation in differ-
ent cellular environments. 



The traits initially sought (inducibility by 
biotic stress, tissular specificity) with a view 
to Hevea genetic engineering programmes 
will be analysed either in a transient expres-
sion system, via biolistic gene transfer into 
rubber tree callus, or in stably transformed 
tissues via Agrobacterium. In rubber trees, 
analyses of promoter activity regulation will 
be conducted at intermediate stages of the 
regeneration process (callus, embryos), with 
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ultimate demonstration in fully regenerated 
Hevea plantlets. Additionally, analysis of the 
Hevea promoters in mode! plants such as rice 
and Arabidopsis will give information about 
their potential use for genetic engineering of 
plants other than rubber trees. 

Lastly, our work has revealed new traits 
of interest for the promoters studied. 
Indeed, the expression analysis of the 
endogenous gs genes revealed differential 
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expression during the embryogenesis 
process. These genes therefore appear to be 
potential markers for the early stages of 
embryogenesis. The isolated gs promoters 
may be useful tools for validating this 
hypothesis: combined with a fluorescence 
reporter gene, they will make it possible to 
monitor changes in gs gene expression dur-
ing development, under non-destructive 
conditions for the plant material. • 
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