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ABSTRACT

For an accelerated and simplified selection of desirable characters in breeding of flax an
application of various biotechniques would be useful, e.g. (1) somatic cell culture from meris-
fems or calluses for rapid propagation of planis and in vitro-selection, (2) anther- or micro-
spore-culture for regeneration of haploid plants, (3) interspecific hybridization of cultivated

_ species and their wild relatives, e.g. by embryo rescue, (4) culture and regeneration of hybrid

protoplasts (asexual hybrids), (5) genelic engineering with isolated protoplasts (“direct gene
transfer”) and (6) application of genetic engineering via specific vector systems (cf. Fig. 1).
Some of these methods and fechniques have already been applied in practical flax breeding
programmes.

APPLICATION OF CELL- AND TISSUE CULTURE
TECHNIQUES '
R
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- Biotechnology can help to accelerate a breeding programme and improve
efficiency of selection as démonstrated in other useful plant species like ra-
peseed (Brassica napus) (cf.). Therefore, plant biotechnology may offer cor-
responding advantages of accelerating selection processes in a flax breeding
programme. For example, cotyledon, hypocotyl, meristem or stem segments
have been used as explants for culture initiation in flax'> % 2 28 Plant re-
generation, e.g. from hypocotyl segments, proved to be highly efficient » 1
(Table 3).

Plant cells in vitro can undergo spontaneous genetic changes which may be
manifested in the regenerated entire plants; this phenomenon has been termed
“somaclonal variation”?. If a trait of agronomic value can be created and
identified in cells in vitro, and those cells regenerated to whole plants whose
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Fig. 1. An overview of biotechniques applicable to flax.

progeny express the trait, it saves time and efforts as compared to conventional
breeding procedures. Thus, tissue culture techniques offer a potential for
producing varieties by in vitro-selection immediately. In flax it was possible to
select a salt-tolerant line from induced callus in a high salt environment®, The
progeny of this line was tested for its performance in normal and saline soil

-under controlled greenhouse conditions where it showed superiority over its

parent varicty. This line was also superior in normal, non stressed soil indicating
that a non-specific mechanism of tolerance has been activated in: culture?®,
However these results obtained under controlled envn‘onmon_tal conditions,
growing the parent and selected line side-by-side within greehhoﬁse pots, could
not be confirmed in field tests where intergenotypic compeutlon was absent®
(Table 3).

Inaddition, a cellular selection procedure has been used in order to identify
herbicide resistance in callus cultures initiated from hypocotyl segments of
linseed by using a selection medium containing chlorsulfuron, the active com-
pound in the herbicide Glean®. Callus from several progeny showed resistance
to chlorsulfuron, indicating heritability, i.e. sexual transmlssmn ‘of this novel
trait' (Table 3). o
Table 1. Influence of flax genotype and induction medium on anther responsc

(%) and plant regeneration®

Medium A1Y Medium AS?
Cultivar Poac”) Pocs™ v Yoac , Yocs
Antarés , 6.8 4.0 53 20.0
Ariane 1.3 0 14.0 ] 0
Atalante 1.0 0 94 - 125
Bionda 0.7 0 127 . 0
Hella 50 0 170 - 0
Linda, 3.7 0 ) 6.0 s 1.7
X . 3.1 0.7 10.7: - o 0, 6.7

b after SUN® modified, ? after FOROUGHI WEHR et al 9 modlﬁed
» % anthers producmg callus, ¥ % calluses producmg shoots »

Culture systems for single cells like microspores or protoplasts are one of
the most essential requirements to incorporate “genetlc enginéering” into plant
breeding procedures. Considerable progress in protoplast culture and rege-
neration has been reported for Linum spemes in recent years® > 2. In Bras-
sicaceae, Solanaceae and other genera, it is possible now to obtain “haploid”
plants reproducibly through microspore- or antheréulturez" 3, Plant regenera-
tion has also been achieved from flax anthers cultured in our laboratory via
callus® (Table 1). The application of haploidy-techniques: would be more



efficient, if it were possible to induce direct microspore embryogenesis. Recent-
ly direct embryogenesis was observed from flax microspores, but the embryos
remain to be regenerated to intact plants (NICHTERLEIN ‘and UMBACH
unpubl,; cf, Tablc 3).

Table 2. .Some Linum-Species used for interspecific hybrldlzatlon experi-

ments*

Species m=Y  TGW@E?  0il(%)” C18:3(%)"  Hybrids”

L. africanum 30 4.0 39.2 42.0 +

L. alpinum 18 32 30.2 55.6 :

L. anglicum 32 - 14 33.0 52,7 ‘

L. angustifolium 30 1.7 35.1 575 : +

L. austriacum 18 1.5 25.5 48.7

L. bienne 30 14 29.8 62.5 +
- L. companulatum 28 0.8 40.6 19.5

L. catharticum 16 0.1 353 S 121

L. crepitans 30 4.1 374 56.3 +

L. flavum - 30 0.9 41,2 21.2

L. grandiflorum 16 1.5 314 50.5

L. hologynum 18 1.3 30.6 552

L. monogynum 30 44 26.7 544 |

L. narbonensis 30 5.0 34.6 53.3 +

L. usitatissimum 30 75 375 55.0

1) somatic chromosome number; 2 approx. 1,000 seed-weight; * oil content in

dry seed; ¥ proportion of linolenic acid in the oil; ® viable and fertile inter-

specific hybrids with L. usitatissimum obtained, already (+).

Haploid plants carry a single set of chromosomes in their somatic cells. By
-doubling this chromosome set spontaneously or artificially, e.g. with colchicine,
homozygous doubled haploid (DH) lines are obtained. Such homozygous
inbred lines are the ultimate product of traditionally long-term breeding and
selection processes in self pollinating species like flax. With the aid of the
“haploidy-technique” mentioned above, several years can be saved in a breed-
ing programme (cf.*).

INTERSPECIFIC GENE TRANSFER

~

Utilization of germplasm from wild species via interspecific hybfidization
is another interesting supplementary tool for introducing foreign useful genes
into cultivated plants. It can help to create new genetic variability when genes

for desirable traits are not available in crop species. Wild species have com-
monly been used as a source disease resistance, modified and improved quality,
and other important characteristics. There are many reports on interspecific
hybrids in various genera e.g. Brassica* "', Helianthus™ *, Solanum and
Triticum™ %,

The genus Linum includes a large number (more than 150) of distinct wild
species. For example, many:wild Linum species are characterized by striking
differences in fatty acid composition as compared to cultivated linseed (Table
2). Therefore, interspecific hybrids between flax cultivars and wild species can
provide useful material for subsequent selection. Unfortunately, in many com-
binations of cultivated and interesting primitive wild species, hybrids have not
been obtained, yet® ¥ 37, This can be du¢ to incompatibility during endosperm
or embryo development (postfertilization barriers), where the embryo begins
to develop but degenerates prior to full maturity. Isolation and culture of hybrid
embryos (“embryo rescue”) may circumvent such postzygotic barriers in inter-
specific hybridization. ' B

For an application of the embryo culture technique the initial steps of an
ordinary sexual hybridization have to be carried out first. About 7-10 days after
pollination, depending on it’s developmental stage, the immature embryo has
to be excised out of the ovulum and plated on suitable medium. This medium
enhances the growth of the embryo as well as shoot and root formation *
(Table 3).

Table 3. Cell- and tissue culture techniques for flax

Explant(s) Result ' Reference(s)

' cotyledon, hypocotyl, meristems,

or stem segments culture initiation 12,19, 22,28
hypocotyl segménts . efficient plant regeneration 12,19
induced callus ) salt-tolerant line 25,26,35
hypocotyl callus " Glean®R fesistance 17

anther callus plant regeneration 29
microspores - direct embryogenesis ) (unpubl.)
interspecific embryos shoot & root formation 6, 30,34
protoplasts - culture & regeneration 1,2,24

Hybridization of L. usitatissimum to:various other species, like L. africa-
num, L. angustifolium, L. bienne, L. crepticans and L. narbonensis, were entirely
successful in that viable and fertile hybrid plants could be regenerated which
opens new possibilities for further improvements of cultivated flax. However,
all attempts of hybridization of L. usitatissimum to other species like L. cam-
panulatum, L. catharticum and L. flavurmn were unsuccessful so far due to



incompatibility of pollen and style (prefertilization barriers). Respective inter-
specific hybrids could possibly be recovered by protoplast fusion techniques.
In this case the cell-walls of somatic tissue of both parents have first to be
removed enzymatically. The resulting protoplasts are subsequently treated with
special agents, like PEG (polyethylenglycol), or by electroshock for attachment
and final fusion of the cells. A successful fusion product will include the entire
genetic material of the fused cells, i.e. parental species. This fusion product, the
newly formed hybrid protoplast (“heterokaryon”), can be regenerated to a
hybrid plant if plated on suitable culture medium and maintained under ap-
propriate growing conditions. The requirements for fusion and regeneration
have already been established for Linum species® 2 24 (Table 3).

APPLICATION OF GENETIC ENGINEERING

Modern gene technology or “genetic engineering” can be considered as a
distinct area of biotechnology, which includes the identification, isolation,
possible modification, multiplication (“cloning”), and transfer into a foreign
“genctic background”, i.e. the cell of a related or unrelated plant. For the final
success of “genetic transformation”, the expression of the respective manipu-
lated gene(s) from a donor into the receptor plant has to be accomplished.

Most of the requirements for an incorporation of genetic engineering into
basic and applied flax breeding research are already available. For example,
functional vector-systems for gene-transfer are disposable; the vector systems
of the soil bacteria Agrobacterium tumefaciens and A. rhizogenes are established
tools for transferring genetic information into dicotyledoneous plants'® .
Other vector systems have been developed, including the direct (“vector-free”)
transfer of genes into protoplasts® 3 % or into microspores®. However, the most
commonly applied and successful transformation technique of higher plants is
the Agrobacterium system™®. Flax tissue was shown previously to be accessible
to wild type A. tumefaciens strain T37'%(Table 4). :

Recently, genetic transformation of flax has been achieved using disarmed
Agrobacterium tumefaciens vectors. These are carrying non-oncogenic Ti plas-
mid-derived vectors, which contain a chimaeric NPT-II gene and a wild type
nopaline synthase gene; nopaline assay confirmed transformation of rege-
nerated shoots> ¥, But the production of opines as sole evidence for transfor-
mation has been questioned, because such compounds have been detected also

“in non-transformed tissue of several species®. Therefore, NPT-II activity and
T-DNA analysis were estimated in transformed callus tissue, but unfortunately
no data showing NPT-II activity or the presence of T-DNA in regenerated
shoots were presented®. However, such T-DNA assays in flax are known from

A

transformation with A. rhizogenes. Cotyledon explants inoculated with 4. rhizo-
genes formed transformed roots which regenerated transformed shoots. Ri
T-DNA encoded opines were detected in the transformed plantlets and Sout-
hern hybridization analysis confirmed the presence of T-DNA from the Ri
plasmid® (Table 4).

-

Table 4. Status of genetic engineering in flax ,

Explant Vector Results Reference(s)
Tissue A. tumefaciens integration 16
Callus A. tumefaciens NPT-II gene transformation, :
regenerated shoots 327
Tissue A. tumefaciens glyphosate resistance 18
Cotyledon A. rhizogenes transformed roots, regeneration
of transformed shoots - 42

Stable transformation in progenies of transformed flax plants was also
recorded by using an A. tumefaciens strain carrying a disarmed Ti-plasmid
vector containing a chimaeric NPT-II gene and a glyphoshate resistance plant- -
derived 5-enolpyruvylshikimate-3-phosphate synthase gene. Transformed
shoots could be regenerated from the inoculated tissue and were proven to be
transgenic by a combination of callus assay, nopaline assay and progeny tests.
An inoculation method with a transformation efficiency of 10% has been
developed. This seems to be adequate enough for incorporating genes of
agronomic importance, which are either easily selectable (i.e. herbicide or

-disease resistances) or linked to antibiotic resistance markers'® (Table 4).

PROSPECTS FOR THE FUTURE

Although conventional plant breeding procedures have been successful in
improving useful plants like flax, it still has to be mentioned that such traditional
procedures are time-consuming and sometimes not very efficient.

Modern “biotechniques” can further help to enhance the efficiency of
breeding for improved yield and quality of “new” crops like flax or linseed.
Specific techniques, like “haploidy-steps” or “genetic engineering” may con-
tribute to accelerate breeding programmes through avoidance of long-lasting
inbreeding or backcross generations. '

For an application of both, haploidy-technique and genetic engineering in
applied breeding of flax, several requirements are given already, like the basic
culture or transformation techniques. Others, which are required for a more



general application of this technology, like the accessibility of any particular flax
cultivar or line, have to be elaborated. However, this limitation should be
overcome by intensified applied research in the near future.
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