BuLG. J. Prant Puaysior., 1996, 22(3—4), 30-39

IN VITRO SELECTION FOR OSMOTIC TOLERANCE
IN ALFALFA (MEDICAGO SATIVA L.)

Rumiana Dragiiska', Dimitar Djilianov'*, Plamen Denchev’,
Atanas Atanassov?

! Institute of Genetic Engineering; 2232 Kostinbrod-2, Bulgaria
2 The DeMontford University, Norman Borlaug Centre for Plant Sciences, Institute
of Genetic Engineering, 2232 Kostinbrod-2, Bulgaria

Received November 19, 1996

Summary. A system for in vitro selection during somatic embryogenesisin
alfalfawas devel oped. PEG was used as a sl ective agent for osmotol erance.
The procedure involved screening of seeds and seedlings till cotyledonary
stage on 10% PEG with further growth of the plants on PEG-free medium.
The initiation of somatic embryogenesis proceeded till the end of globular
stage on PEG. Further development and growth was possible only if the
osmoticum was omitted. Four regenerants were obtai ned which were cloned
and potted. The preliminary studiesrevealed their high osmotol erance com-
pared with the explant-source genotype. Additional studies are in progress
on the breeding behaviour at controlled and field conditions.
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D - 2,4-dichlorophenoxyacetic acid; 2,4,5-T — trichlorophenoxyacetic acid;
Dicamba — 3,6-dichloro-o-anisic acid

Introduction

The most prevalent environmental stresses have in common the reduction of water
availability for the plants, thus impairing its numerous biological roles (Bonnert et
a., 1995). Theclassical breeding for abiotic stresstoleranceis quite difficult, time-,
space- and labour-consumming because of the reduced genetic background, the in-
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compatibility between the wild resistant species with the crop varieties etc. The gene
transfer approach gaining recently considerable results (Tarczynski et al., 1993; Pilon-
Smitset al., 1995; Ishitani et al., 1995; Yoshibaet al., 1995; Kavi Kishor et al., 1995)
isstill leaving the main question unanswered — how introduction of stress tolerance
genes will affect crop productivity.

It appearsthat in vitro selection for stresstolerance will continueto haveitssig-
nificant place in the strategy of establishing plant systems with optimal stress reac-
tion and productivity. Polyethylene-glycols (PEG) of high molecular weights have
been long used to simulate drought stress in plants as hon-penetrating osmotic agent
lowering the water potential in away similar to soil drying (Bressan et al., 1981; Lar-
her et a., 1993). After thefirst selection of osmotic tolerant tobacco cell lines (Heyser
and Nabors, 1979) there were several reports on habituated but not genetically modi-
fied suspension cultures (Bressan et al., 1981; 1982; Handa et a., 1982; 1983). On
the other hand, promising somaclonal variants were obtained after in vitro selection
for PEG tolerancein Sorghum (Smith et a., 1985) and rice (Kavi Kishor and Reddy,
1985; Adkins et al., 1995).

Alfalfais the world' s main forage legume and, at the same time, it is a model
culture for numerous genetic engineering studies. Whilethein vitro selection for salt
tolerance achieved considerable results (Smith and McComb, 1983; Stavarek and
Rains, 1984; Winicov, 1991), studies at awhole plant level revealed that the nature
of correlation between high productivity and salt tolerance is currently not well es-
tablished and understood (Winicov, 1994). No strictly confirmed reports on PEG-
tolerant alfalfacell lines and regenerants are available.

The aim of the present study wasto obtain tolerant to PEG alfalfa genotypes ap-
plying in vitro selection along regeneration procedure.

Materials and Methods

Plant material

Severa highly productive and relatively drought tolerant genotypes (Medicago sativa
L.) resulting from an extensive breeding programme at the I ntitute of Forage Crops,
Pleven, Bulgariawere used (Radevaet al., 1987).

Regeneration and selection procedure

The genotypeswere tested simultaneously for osmotic tolerance and regeneration abil-
ity. In preliminary experiments (data not presented) 10% of PEG 6000 was chosen
asasdective concentration for further studies. The osmoticum was added to the media
before autoclaving. The selection pressure was tested at all stages of culture (seeds,
seedlings, explants, calli, somatic embryos, regenerants). The culture took place on
filter bridgesin Petri dishes or tubes where necessary.
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The proceduresfor somatic embryogenesis, developed in our Institute (Atanassov
and Vlahova, 1985; Denchev et al., 1990; Denchev et al., 1991) were applied with some
maodifications. System of media, based on B5 (Gambourg et al., 1968) and MS (Mur-
ashige and Skoog, 1962) was used. Particular attention was paid to the induction stage
where several auxins and concentrations were tested. Five replicationswith 30 seeds
per genotype were used and compared to plants grown on osmoticum-free B5 me-
dium. All plant materials were cultured in growth chambers at 26 °C, 70% humidity,
a16/8 h light/dark photoperiod and 2500-3000x light intensity. After developing a
good root system thein vifro cloned regenerants were planted in autoclaved soil. Adap-
tation took place in a greenhouse.

Preliminary tests to confirm the osmotolerance of the regenerants

After cloning, the obtained regenerants were used as explant sources in a recurrent
sel ection scheme with PEG 6000 (10%). Cuttings from the potted under greenhouse
conditions plants (40 in 4 randomized replications) of the regenerants and the explant-
source genotype were rooted under non-sterile conditions. Later, their roots were
placed in special vesselsfilled with buffer solution supplemented by 15% PEG 6000
for 2 weeks (McCoy, 1987). Control cuttings were placed in vessels with PEG-free
solution. Thefollowing parameters were measured: fresh weight, stem length, number
and length of internodes per cutting.
The trials were repeated three times.

Results

Screening of the donor materials for PEG tolerance

The tested genotypes varied in their reaction to PEG at germination but the differ-
ences decreased with the further plantlet development (Fig.1). The growth was al-
most fully blocked at cotyledonary stage. Thus, a procedure of culture establishment
was accepted where germination and cotyledon development occurred under osmotic
pressure, but further seedlings growth proceeded on basal medium.

About 20 seedlings per genotype survived after the PEG screening. When regen-
eration procedure was applied, only those of the Breeding line 2 (T-I) responded
embryogenically (datanot presented). Thus, al further experimentswere performed
with the seedlings of thisline.

Protocol for regeneration and in vitro selection for PEG tolerance

Cut leaves and petioles detached from 30-day-old plantlets were used as explants.
Callusformation and embryo induction occured simultaneoudly at the end of thefirst



In vitro selection for osmotic tolerance in afalfa. . . 33

100

80

60

40

% to the control

No.l1 No.2 No.3 No.4 No7.
Breeding linesfrom IFC, Pleven

‘ Cgermination [J cotyledons M| true leaf

Fig. 1. Inhibition of germination and growth under 10% PEG
stress in various breeding lines of afalfa

week of culture. Significant differences were found between culture growth on vari-
ous auxin types and doses (Fig. 2). Most abundant calli with simultaneous embryo
proliferation was achieved on 10uM 2,4-D. No differentiation was observed on
2,4,5-T and Dicamba containing media. With the increase of the auxin concentrations
the cultures' fresh weight decreased (Fig. 2).

The growth of the cultures was significantly inhibited by the continuous pres-
ence of PEG. When the torpedo-shaped embryos were transferred to maturation
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Fig. 2. Effect of various auxins and their concentration on culture
fresh weight
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Fig. 3. Protocol for in vitro selection for PEG tolerance during somatic embryogenesis: A — seedlings
after screening at germination; B —initial explants; C — simultaneous induction of callus and globular
embryoids (4-5 weeks); D — maturation (4 weeks); E — conversion (4 weeks); F — recurrent selection
and clonal propagation (4-5 weeks)

medium their further development wasfully blocked. Thus, the sel ection pressure was
omitted this step further and a protocol for selection along indirect somatic embryo-
genesis was established (Fig. 3). About 20 regenerants were obtained which devel-
oped quite slowly. Most of them were unable to root. Finally 4 regenerants were suc-
cessfully cloned and potted.

In vitro and in vivo preliminary tests of the osmotolerance

Recurrent selection. Since the selective agent was omitted at the | ate stages of regen-
eration, a recurrent selection was applied to confirm the putative osmotol erance of
the regenerants obtained. The results obtained with cultures initiated from the
regenerants showed their advantage to the cultures where T-I seedlings were used as
donors of explants (Fig. 4). More than 3 times higher fresh weight of calli and up to
6 times greater number of embryos and plantlets on PEG were observed. Thisis a
clear evidence that if the regenerants were used as explant sources they exceed the
initial form in osmotic tolerance.

Cuttings. A strong inhibition of growth occurred in the PEG-treated cuttings of
all genotypes. Thiswas particularly true for the fresh weight and stem length where
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Fig. 4. Growth of calli from the selected regenerants compared with culturesinitiated from
the explant-source genotype

the osmotic reduced the cuttings' performance 3—10 times compared to the untreated
controls (Fig.5). Decrease was also observed for number and length of internodes
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Fig. 5. Growth of cuttings from the explant-source line and the regenerants when their
roots are placed in 15% PEG-supplemented nutrient media for 2 weeks
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(1.5-2 times). R3 and R4 cuttings exceeded significantly T-1 in fresh weight, stem
and internode length while the number of their internodes was similar. The cuttings
of R1 and R2 also performed similar or better than T-I (Fig. 5).

Discussion

Germination and seedling development under laboratory conditions have been accep-
ted as suitable growth stagesfor testing the salt tolerance in alfalfa(Smith and McComb,
1983; Carlson et al., 1983). PEG-induced drought was reported as unreliable marker
for the reaction at whole plant level in wheat (Laszlo, 1990). On the other hand, good
possibilitiesto use such preliminary testsfor successful further breeding have been poin-
ted out for other crops (Carlson et al., 1983; Bouslanaand Scapaugh, 1984; Zahid and
Hughes, 1995). Our recent studies with alfalfa genotypes, different from the tested
here (Petkovaet al., 1995) revea ed a positive correl ation between germination on PEG-
supplemented media and the whol e plant behaviour under drought stressin the field.

Asarule, exogenous auxins are used to trigger somatic embryogenesis. Similar
to other systems (Amirato, 1983; Merkle et a., 1990; Denchev et al., 1991; Komamine
etal., 1992) in our case 2,4-D appeared to be most suitableto induce globulae forma-
tion. Transfer of devel oped embryoidsto a cascade of mediacontaining PEG and ABA
is awidely accepted procedure in alfalfa somatic embryogenesis (Denchev et al.,
1991). Thus, their development is arrested at the end of torpedo stage, preventing the
precocious germination (Kiyosue et al., 1993 ), which occurs probably dueto the relat-
ively low endogenous ABA at that developmental stage (Ivanovaet al., 1994).

Itiswidely accepted (Hsiao, 1973) that under decreased water potential the plant
cell turgor and growth decline. The data for long-term habituated suspensions on PEG
which loose their regeneration competence (Bressan et al., 1981; 1982; Handaet al.,
1982; 1983) support this statement. It could be specul ated that the presence of incre-
ased concentrations of PEG during the growth of theinitial material and somatic emb-
ryo initiation inhibits further development. Inhibition of regenerants growth compared
to the initial lines was reported with in vitro selection for salt tolerance in afalfa
(McCoy, 1987). In our case, with the exception of R1, the regenerants performed simi-
lar or better than the initia line T-I.

Our results confirmed the possibility for successful in vitro selection for osmotic
tolerance. PEG inhibited in greater extend the differentiation but there are species-
specific variationsin the regeneration response (Smith et al., 1985; Kavi Kishor and
Reddy, 1985; Adkins et al., 1995).

Theresults obtained so far showed that the osmotic tolerance of our regenerants
was higher than that of the explant-source line T-I. In progress are the studies on the
breeding behaviour of our selected regenerants and their drought response at control-
led and field conditions.
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