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ABSTRACT

The fatty acid composition of seed oils of Brassica napus has
been altered by expression of genes encoding medium-chain
specific acyl-(ACP) thioesterases from Cuphea lanceolata
under the control of their own promoters. In mature T2 seeds
obtained from independant transgenic rapeseed lines
accumulation of either C8/C10 or C14/C16 fatty acids has been
detected.

INTRODUCTION

During the past decades success in breeding of rapeseed for high
quality resulted in an area of rapeseed cultivation of 1.1 Million
hactare (Mio ha) in Germany in 1993. However, the recent General
Agreement on Tariffs and Trade (GATT) require a reduction of this
area to 0.79 Mio ha of overall oilseed cultivation used for human
consumption. Additionally, in the European Union an area of 0.8-0.9
Mio ha is guaranteed for non-food oilseed production. Consequently
the use of rapeseed oil as a renewable resource, e.g as biofuel or as
rawmaterial for the oleochemical industry, has gained increased
interest. In order to open up novel applications of rapeseed oils in the
oleochemical industry a big effort in rapeseed breeding including
gene technology is required. Conventional breeding of canola (high
oleate versus high erucate) demonstrated the potential for
significant changes in oil quality without negatively effecting yield.
Already in 1992 Calgene Inc. (California) announced two examples of
the successful use of genetic engineering to alter the fatty acid
profile of rapeseed towards either 40% C18:0 stearate (Knutzon et al.,
1992) or 50% C12:0 laurate (Voelker et al, 1992 and Voelker, pers.
communication, 1994).

Our particular focus is to develop rapeseed as a temperate crop
containing fatty acids with designed chain lengths of 10 to 14 carbon
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atoms in their seed oils, which may serve as rawmaterial for laundry
detergent, shampooc and other surfactants. These types of seed oils
are naturally found in palmkernel, coconut or wild species like those
of the genus Cuphea. Cuphea lanceolata, for instance, predominantly
accumulates up to 83% of C10:0 caprate in its storage triacyl-
glycerols. Therefore, genes encoding acyl-(ACP) thioesterases
responsible for the traits of interest were identified in C. lanceolata
(Topfer and Martini, 1994) and transferred into rapeseed lines. Here
we report on the results obtained so far applying this approach.

EXPERIMENTAL
lonin f [-(ACP) thi r n from Cuphea lanceolata

The cloning and identification of type Il acyl-(ACP) thioesterase
genes from C. lanceolata have been described previously (Martini et
al., 1994). One complete (CITE13, Topfer and Martini, 13994) and
several truncated cDNAs were isolated. Including the PCR amplified
cDNA 3" ends a gene family consisting of at least four distinct
classes could be distinguished. The subsequent isolation of 23 lambda
genomic clones, 11 of which were thoroughly mapped by restriction
and Southern analyses, confirmed four to five classes of type Il acyl-
(ACP) thicesterase genes in C. lanceolata. One representative of each
class (C/TEg100, C/TEg200, C/TEg600, and C/TEg700) was sequenced
and found to correspond to the respective cDNA sequence (Martini, N.,
Muller, A., Eckstein, L., and Topfer, R., unpublished 1994), indicating
that these genes are expressed in planta.

Expression of acyl-(ACP) thioesterase genes_in transqenic rapeseed

The cDNA CITE13 and the genes CI/TEg100 and C/TEg200 were
transferred into rapeseed, cultivar DRAKKAR, via Agrobacterium
mediated transformation. Interestingly the transfer of the chimaeric
CITE13 gene construct driven by a seed-expressed ACP promoter of
rapeseed resulted only in small amounts of C10:0 capric acid in
immature T2 seeds, while in mature ones hardly any capric acid was
detectable (Martini et al, 1994). It is assumed, that the timing of
expression of C/TE13 in these plants was not optimal. Thus optimal
timing and strength are significant requirements of a promoter for
the expression of this trait, which were not met by the ACP
promoter.

However, the gene transfer of either C/TEg100 or CITEg200
including their own promoters into rapeseed resulted in altered fatty
acid profiles in mature T2 seeds as shown in Table 1.
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TABLE 1. Fatty acid profile (mol%) in transgenic rapeseed lines

Faity acids  C8:0 C10:0 C12:0 C14:0 Cl6:0 Cl18:0 C18:1 Cl18:2 Ci8:3

DRAKKAR 3 27710 6
CITEgIO0 1 3 3 275 8 7
CI TEg200 7 15 2 56 13 7

The transferred gene CITEg100 gave rise to 1% and 3% caprylic and
capric acid, respectively, whereas transformation of rapeseed with
CITEQ200 resulted in 7% myristic acid and 15% palmitic acid in T2
seeds. These two genes, although derived from a species which
predominantly accumulates capric acid, seem to encode two distinct
traits in transgenic rapeseed lines, one specific for Cg8/C10 fatty
acids, the other for C14/C16 fatty acids. Both these genes are
specifically expressed in embryos of C. lanceolata (Martini, N.,
unpublished, 1994). These initial results of only a few transformants
each are encouraging with respect to higher percentages of medium
chain fatty acids in modified rapeseed oils.
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