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Salt tolerance of Solanum tuberosum L.
overexpressing an heterologous osmotin-like protein
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Ahbhstract

Potato {Solamon tuberosum L. cv. Bintje) was transformed with a ¢cDNA clone
cncoding an osmetin-like protein, Transgenic and non-transgenlc in vitro plants were
subjected to NaC'l for 3 weeks. ‘The shoot and root development was slightly affected
by salinity indicating that the salt condition used was a mild stress. The endogenous
proline content of the osmotin-like transformed clone only raised slightly as
compared to the non-transformed genolype, where a marked increase in proline
conlent could be observed as a result to salt stress. These data provide evidence for
the involvement of osmotin-hike proteins in the mechanisms of salt tolerance in
potato plants.
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Introduction

The progressive salinization of irrigated lands limits the future of agriculture in some
of the most productive areas of the world. Therefore salinity is one of the major
abiotic stresses affecting plants worldwide. The understanding of the adaptive
mechanism by which the planis cope with the presence of salt in their environment
still remains incomplete, partly because of the complexity of salt stress which
presents an lonic component on the one hand and an osmotic component on the other
hand. Plant cells respond to cellular dehydration caused by salinity by synthesis of
low molecular mass organic compounds and/or accumulation of ions in the vacuole.
To some extent, plant cells are able to restore the pressure potential of the cell. This
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phenomenon has been called osmorepulation (e.g. Leshem and Kuiper 19906).

It is commonly accepted that the mechanisms ol salt tolerance or salt adaplation
are regulated by a number of genes. Among them, osmotin and osmotin-like proleins
are encoded by a multigene family that is highly conserved in the Solanaceae (Zhu
of el 1995). Expression of these proteins is under the control of different
environmental and hormaonal stimuli (Singh e af. 1989, [LaRosa ef of. 1992, Zhu
¢f el 1993, 1996). It appears that osmotin-like proteins may play an important role in
plant tolerance to different kinds of stresses, e.g., osmotic stress (L.aRosa ef af. 19923,
chilling (Zhu ef a/. 1996), and fungal infection (Liu ¢ al. 1996, Abad er al. 1996).
Osmotin was originatly isolated from tobacco cell lines adapted to salts and indeed,
numercus studies have shown a putative role for osmotin in osmotic stress
(Kononowicz ef «f. 1992, LaResa er af. 1992), Overexpression of an esmotin-like
gene in plants is thus an interesting tool to study the effect of salt stress in higher plants.

Another well known phenomenon in response to salt stress is the accumulation of
proline (¢.g. Rhodes er af. 1986. Rhodes 1987, Hervieuw e /. 1995, 1aitts of f  1096)
Although the precise role of this accumulation is not yet well established, the study of
proline as a marker of salt tolerance is generally aceepted (1in and Kao 1996, Lutts
et ad. 1996), Proline accumulates in the cytoplasm without having any detrimental
effect on cytosolic enzyme activities (Lutts ef af. 1996). Some authors suggest that it
plays a role in the intracellular osmotic adjustment between the cytoplasm and the
vicuale (Delsuney and Verma 1993). Venckamp (1089) suggests that proline
overproduction in stressed conditions is an attempt to regulate eytosolie pll.

in the present work, we investigated whether sall tolerance can be altered by
genetically manipulating the expression of an osmotin-like protein from A abicopsis
thafiana in transgenic potato (Capelli ef of. 1997). Transgenic plants showing
overexpression ol the gene were assayed for salt stress. In this first study,
morphological attributes and the evolution of proline content were followed in order
to assess their implication in the adaptation of non-transgenic and of transgenic
potato plants to salt.

Materials and methods

Plants and culture conditions: /n vitro polato (Solanum fuberosum 1. cv. Bintje)
plantlets (S0) were axenically cultured. in tubes or polyethylene jars, on a
multiplication medium (Murashige and Skoog 1962, MS} supplemented with 0.8 %
bactoagar (Difeo) and 3 % sucrose. Plant culture maintenance and/or multiplication
were realized by monthly culting potato shoots into 3 (0 4 node picces with
subscquent sub-culturing on new multiplication mediun.

Agrobucterium sirain and plant transformation: Agrobacterium tumefaciens strain
LBA 4404 carrying the plasmid pBinosm was used for plant inoculations. In this
plasmid, the esmotin-like ¢cDNA lacking a fragment encoding a short C-terming]
exlension, was put under the contral of the CaMV338 1 1/2 promoter and the poly-
adenylation signat of the nopaline synthase gene, and was inserted into the polylinker
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site of the vector pBinl9 (Bevan 1984). The ncomycine phosphotransferase [
(NPTI) gene in T-DNA providing the resistance to kanamycin was used as the
marker. Potato stem sections were transformed as described by Barker ¢f al. (1992,
1994). Amplification by the polymerase chain reaction (PCR) of NPTII gene was
performed 1o confirm the presence of the T-DNA from the binary vector pBinosm in
the kanamycin-resistant plants. Genomic DNA of potato was extracted from leal
tissues of transgenic and control {non fransgenic) plants as described by Fdwards
et af. {1991). Overexpression ol the transgene was controlled both at the messenger
(Northern analysis) and protein level (SDS-PAGE). The transgenic potato clone {83)
was used Tor the salt stress analyses.

Salt stress experiments: Freshly cut apical shoots (15 mm long) were kept on MSO
medium (mulliplication medium without NaCl). For salt stress treatments, isolated
new plantlets (7 d after cutting, 15 shoots per jar) were transferred on MS medium
supplemented with NaCl (o a Ninal concentration of 100 mM or on f{resh MSO
medium (control) for 21 d.

Mearphaological features were measured after 21 d of cultivation on salt-containing
and cantral media. The shoot and the root lengths corresponded to the lonpest shoot
and root per explant. The number of roots per explant was established by taking into
account only rooted shoots, Dry mass of the explants was determined by drying until
constant mass was achieved.

I'or proline determination, whole shoots were sampled after 0, 1,3, 7, 15, and 21 d
ol culture on control and on NaCl-containing media. Free proline content was
determined by colorimetry after extraction of fresh malter with salicylic acid under
agitation for | h (Bates ef al. 1973).

For data analyses, ANOVA analysis of variance and Student-Newman-Keuls tests
were used for multiple comparison of treatiment mcans.

Resulis and discussion

The two genotypes used in this work showed different behaviour already in non-
stressing conditions, Indeed. the 83 shools were significantly smaller than the S0
shoots after 21 d of culture on MSO medium (Fig. 14). The number of nodes per
shoot was significantly higher for S3 plants as compared to the SO plants (Fig, 1C).
I'his higher number ol buds indicates a reduction of cell elongation (Bandurski ef af.
1995). Celt elongation is modulated by two interrelated processes, osmotic uptake of
water and extension of the existing cell wall (Cleland 1986). The transformation of
the plant with a continuously-expressed gene coding for an osmotin-like protein
could interfer with the uptake of the osmotic solutes needed to maintain a continuous
growth. It can be hypothesized that this cffect on cell elongation interacts with auxin
production in the shoots. This could explain the evolution observed for the rooting
system of the two genotypes, i.e. the transformed plants have longer and more roots
as compared to the S0 (Fig. [E./). Indeed, expression phase of the rooting has been
correlated with reduced endogenous content of auxin (Gaspar ef af. 1992, 1994),
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In a previous work, we studied the effect of different salls like NaCl, Nay50y,
MgCly and MgSOy supplied at concentrations up to 300 mM on potato. We have
shown that SO potato plants grown i vitro on 100 mM salt-containing media were or
were not able to reverse the stress depending on the concentration and the toxicity of
the ions (Gvers ef al. 1998). Shoot and rool development were affected first, followed
at higher salt concentrations by shoot and root necrosis (Evers ef al. 1997, 1998). The
results of the present work show that explant viability was not affected by 100 mM
NaCl since no shoot necrosis and no significant reduction of fresh and dry masses
were observed for the S0 and S3 genotypes after 21 d of culture on salt-containing,
medium ( Table 1),
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Fig. 1. Effect of salinity (100 mM NaCl-supplemented MS0-medium) on shoot length (4), number
of shoots per explant {B), node number per shoot (), rooting percentage (/7), root length (E), and
number ol roots per rooted explant (/) of non-transgenic (S0) and osmotin-like ransgenic (53)
potato plants. Mcans = S of 50 cxplants. Different letters indicale significant differences at

Poo085and P 0.01 (for node number).

Clear reduction of the shoot length and of the root length wag found under salt
stress (g, 1AF). The reduction of the shoot length was more important in the case
of the S0 plants (-25 %) as compared to the 83 plants (-18 %). The shoot length was
3.0 em in average for the $3 plants after 21 d on MSO medium as compared to 5.8 ¢m
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for the SO plants. Similar results have heen observed in Carthamus by Gadallah
(1996, in rice by Lutts ef af. (1996) and in potato by Ivers e af. (1998).

Shoot production per explant was not affected by 100 mM NaCl (Fig. 18); the
number of nodes per shoot remained unchanged in the case of the S0 genotype.
whereas a reduction could be observed in the case of the S3 genotype (Fig. 1€,

Fable 1. Fresh and dry masses of non-transgenic (S0) and osmotin-like transgenic (53} potato plants
cultivated on MSO and 100 mM NaC'l-supplemented media, Means = 8D of 50 explants. Different
leters indicate significant differences at 2 0.05.

Conditions Fresh mass Img shoot™ Dry mass Img shoot™)
50 M50 634+ T0a 54 06X

S50 Na€'l 62.1 £ 129 ab 5641.2xy

S3 MSB R2.8 £ 203 ab ToH+16y

53 NaCl 7491 68 b 60 L 0.7

All the plants rooted at 100 % in both control and salt conditions after 21 d of
culture, Thus the rooting percentage was not affected by salinity (Iig. 1), The S3
plants had tonger roots than the SO plants, i.e. 6.2 cm in average for the S3 plants as
compared to 4.1 c¢m in average for the SO plants after 21 d on MS0 medium. Salinity
induced a significant reduction of the root length in the S3 plants (-29 %) as
compared to the control plants on MS0 medium but not in the S0 plants (Fig. 1£).

In both SO and S3 genotypes. NaCl did not affect the number of roots per shoot
{I'ig. 1F). A higher number of roots per shoot was observed in the S3 plants than in
the SO plants in both control and salt-stressing condition.

According to Lichtenthaler’s (1996) concept of stress. the condition used in the
present work should be considered as a mild stress, as it does not induce any
damaging cfTects to the plants, fe. only slightly different growth of roots and shoots
was ohserved.

Proline is commonly considered to act as a compatible osmotic solute. It is
helieved to protect plant tissues against stressing agents, however its role continues to
be controversial (Lin and Kao 1006). A drastic accumulation of proline in plants
under salt stress has been commonly observed (Hervieu ef af. 1995, Lin and Kao
1990, Lutts ¢f /. 1996). In the present work, the proline content of the SO genotype
cultivated on the MSO medium was slightly higher than the proline content of the
transformed genotype which remained at a very low level all over the cultivation time
(Fig. 2). Under NaC'l stress, a drastic and continuous increase beginning on day 1 of
cultivation was obscrved in the case of the 50 clone, whereas the proline content of’
the transformed clone raised only moderately. Measuring the ratio of proline content
for stressed/non-stressed plants, a drastic increase is observed lor both genotypes
during the first 3« of culture followed by a stabilization uniil 21 d (Fig. 2, inseu).
According 1o the literature, the results coneerning the proline content indicate a better
tolerance to salt of the osmotin-like transformed potato plants. indeed. Lutts or of.
(1996) observed higher proline concenltrations in salt-sensitive vs. salt-tolerant rice
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cultivars. Since growth is generally considered to be an energy-requiring process,
clevated proline levels eaused by NaCl are most likely acting as a way to save encrgy
by inhibiting growth and as a readily utilizable source of energy and amino groups
once NaCl is relieved. Lin and Kao (1996) suggested that proline accumulation in
NaCl-treated roots and shoots is associated with the ionic rather than the osmotic
component of NaCl stress.
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Fig. 2. Lffect of salinity (100 mM NaCl-supplemented MS0-mediam) on proline content of non-
transgenic (SO (closed circles - MSO medium, open civeles - NaCl-supplemented medium) and
osmolin-like transgenic (S3) (closed triangles - MSO medium. open mriongles - NaCl-supplemented
medium) potate plants. Data from a representative experiment. The ratio of the proline content of
the explants on salt-supplemented medium divided by the proline content of the explants on MSG

medium 1s shown in the inset.

In the present study. the pattern of a natural salt tolerance mechanism was
modified by overexpressing an osmotin-like protein in transgenic polato plants in
arder to enhance salt tolerance. Osmotin is known to be the product of an osmotically
induced gene (Vartanian 1996). Osmotin is a basic isoform of pathogenesis-related
protein group 5 that has been shown to possess antifungal activity (1.iu e7 «f. 1996). Tt
accumnulates abundanty in NaCl- and desiceation-adapted cells of tobacco (Singh
cr o 1985, 1987b). The osmotin gene is regulated by a variety of environmental and
hormonal signals including wounding, cthylene, salt, abscisic acid, desiceation, UV
light, fungal infections (Chang ef «/. 1995, Liu ef af, 1994, Nelson ef af. 1992, Singh
et al. 1987a, 1989). In this work, we attempted to study the role of osmotin-like
protein genes in salt tolerance. Our results revealed no significant morphological
differences between the non-transtormed and the transformed genotypes exposed to
salt stress. However, considering proline, a well-known marker of salt siress.
significant dilferences between the two genolypes were found, indicating different
levels in salt tolerance.

A next slep consists in studying ion accumulation rates and distribution in different
organs of the plants. In fact, salinity stress frequently induces an increase in Na and
1 content as well as a decrease in K, Ca, NO;y and P concentrations (Lutts ef al.
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1096). The present plant system scems to be particularly interesting o study ion

distribution as the pattern of ion distribution differs among genotypes differing in salt
tolerance (Lutts e/ «f. 1996). A corrclation could be drawn between the differential
accumulation of proline in genotypes differing in their resistance to salt stress and the
accumulation of toxic ions. In parallel, we also intend to investigate the distribution
and the cvolution of soluble carbohydrates especially those known to he
osmoprolectants.
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