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In vitro Screening of Potato (Selanum tuberosum 1.) Cultivars for
Salt Tolerance Using Physiological Parameters and RAPD Analysis
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Abstract: In vifro screemung of ten potato cultivars (White Desiree, Russet Burbank, Cosima, Agria, Concord,
Diamant, Maradona, Kennebec, Marfona and Main) for salt tolerance at different concentration of NaCl
(0, 30, 60, 90 and 120 mM) was investigated. To select the salt tolerant and salt sensitive cultivar, Physiological
parameters such as, Shoot Length (SL), Root Length (RL), Shoot Dry Weight (SDW), Root Dry Weight (RDW),
Leaf Area (LA), number of Rooted Shoots (RS) and RDW/SDW were measured. Comparing of the mean values
for physiological parameters using ANOVA showed that Cultivar Kennebec and Concord are salt tolerant and
salt sensitive respectively. A dendrogram based on dry weight led to clustering of potato cultivars in 3 groups,
the salt tolerant (Kennebec, Main, Cosima), the moderately salt tolerant (White Desiree, Russet Burbanlk,
Maradona, Diamant) and the salt sensitive cultivars (Agra, Marfona, Concord). RAPD analysis was also
conducted using 1 0mer random primers. Dendrograms based on DNA banding pattern showed polymorphism
by FPK2-19 primer. Banding pattern of RAPD confirmed a distinct polymorphism between salt sensitive and
salt tolerant cultivars. The clustering pattern of the potato cultivars in this study suggests that: the salt
tolerance and salt sensitivity of some potato cultivars are due to the genotype variation and possibly not

epigenetic adaptation under salt stress condition.
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INTRODUCTION

Soil salinity is a critical environmental constraint to
crop productivity. Six out of the 14 billion ha of arable
land available in the world are located in arid and semi-arid
areas and of this; about 1 billion ha are affected by excess
salt [1]. Salt stress induces several alterations on cell
growth and cell division and enzymatic activities. Salt
tolerance of plants depending primarily on the genotype
that determines alterations on processes such as
exclusion of the salt, uptake and transport of salts by
roots, together with metabolic and physiological events
occurring at cellular level [2].

Screening large number of genotypes for salimty
tolerance in the field is difficult, due to spatial
heterogeneity of soil chemical and physical properties

and the

tolerance of crop and pasture species requires access to

seasonal fluctuations. Improving the salt
new genetic diversity (either natural or transgenic) and
efficient techniques for identifying salt-tolerance genes or
physiological mechamisms [3].

The finding that Solanum species possess genetic
differences 1n stress tolerance 1s interesting not only for
breeding of potato to abiotic stress but also provides
better material for studying the stress tolerance
mechanism [2]. Potato as a glycophyte plant has been
classified as moderately salt tolerant to moderately salt
compared with other crops. Tt i3 an
autotetraploid (2n = 4x = 48) with tetrasomic inheritance

and a species where commercial cultivars are often sterile.

sensitive

Potato mmprovement by traditional breeding methods 1s
slow and unpredictable. In potato, although salt tolerance
is known to be a polygenic trait, the mechanism
responsible for salt tolerance has not been studied in
detail [4].

The salt tolerance of only small number of
potato genotypes has been evaluated under outdoor,
greenn house conditions for example [1, 2, 5-9]. In vifro
evaluations of salt stress of potato cultivars were recently
proposed as alternatives to the costly, labor-intensive and
sometimes

problematic field-based evaluations [5].

In vitro axillary bud cultures for studying the phylogeny
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of salt tolerance in some potato cultivars and other crops
has been used by a number of researchers for example,
[6, 11]. The most important advantage of in vitro cultures
15 their rapid regeneration under controlled environment
after their exposure to stress [8].
Investigation of relatedness among traditional
cultivars based on physiological and genetic characters
has been studied in Maize [7, 11, 12] and Tomato [13].
Chollares et al. [5] used DNA pattemn using RAPD-PCR
and some characters “such as isozymes pattern and
m order to

soluble protems study the possible

relationship between genotypes and physiological
parameters. So far no report has been published on
combination analysis of growth parameters and RAPD
for potato cultivars.

The objectives of this study were to assess the
potential for in vitro screening of ten widely growing
potato cultivars for salt tolerance in TRAN using
physiological parameters associated with RAPD analysis
to understand the possible relationship among these
cultivars based on genetic or physiological adaptation of

salt tolerance or salt sensitivity.
MATERIALS AND METHODS

Plant material and culture condition: Sprouted healthy
tubers of ten widely growing of potato cultivars in Iran
(White Desiree, Russet Burbank, Cosima, Agria, Concord,
Diamant, Maradona, Kennebec, Marfona and Main) were
planted in 500ml pots containing steam stilled soil, then
nodal sections of pot grown plants were used as priunary
explants. Stem-cuttings consisting of a single node and a
leaf were surface sterilized in a solution of 10% v/v
sodium hypochlorite for 15 minutes. They were then
rninsed with sterile distilled water 3 times and were
transferred on 35 ml MS medium [6]. Cultures were then
maintained and sub-cultured under 16/8 hour light/darlk
photoperiod with 150 umol m™ s~ at 25+1°C. In vitro
grown plants were propagated by sub-culture with 4
weeks interval

Single nodes then were transferred to MS medium
containing 0, 30, 60, 90 and 120 mM NaCl with five
replicates in each treatment in a Completely Random
Design (CRD). After five weeks, the physiological
parameters including Shoot Length (SL.), Root Length
(RL.), Shoot Dry Weight (SDW), Root Dry Weight (RDW),
Leaf Area (LA), number of Rooted Shoots (RS) and the
ratio of RDW/SDW were measured. Results were
statistically analyzed using ANOVA and Turkey's tests.

DNA extraction: Small segments of leaf tissue was
homogenized after freezing in liquid nitrogen by a mixed
of glass beads and 250 pl DNA extracton buffer
(1.4 M NaCl, 20mM EDTA, 100 mM Tris PH: 8, 3% W/V
CTAB). Then mixture was vortexed and incubated at room
temperature for 15-20 minutes. 250 pl of chloroform/TAA
(24:1) was added and mixed well then spined at 13000 rpm
for 10 minutes and the aqueous layer was transferred to
fresh tube. Then 140 pl Tso-Propanol was added, mixed
well and spined at 13000 rpm for 7 minutes and
supernatant was discarded and the pellet was washed
by 1ml of 70% ethanol. Finally, spined for one minute and
pellet dried and dissolved in 100 pl of sterile distilled
water.

RAPD analysis: Six 10-mer priumers including OPB-07,
OPAA-14, FPK2-19, OPAA-20, FDK1-05 and OPAA-03
(Technologies Inc) were used for PCR amplifications and
identification of polymorphic marker. DNA amplification
was also subjected to four primers including ISSRI,
ISSR2, ISSR3 and ISSR4. DNA amplification procedure
was a modification of that reported by Williams et al. [12].

Total DNA of every plant was amplified twice.
Amplification was carried in a final volume of 20 pl
containing: 2 pl PCR buffer (10X), 0.8 pl MgCI12 (50 mM),
2 Wl dNTPs (2 Mm), 1.5 pl of primer (5 ng pl™), 3 pl of
DNA templet (5 ng pl™) and 1 unit of Taq polymerase.
Amplification was performed as 94°C of 2 min. (one cycle)
then, 94 °C for 15 sec., 35°C for 15 sec., 72°C for 30 sec.

Table 1: Total mean values of physiological characters for 10 potato
cultivars, 5 weeks after treatment. SL: shoot length, RL: Root
length, T.A: Leaf area, RDW: Root dry weight, SDW: Shoot dry
weight, RDW/SDW: Root diy weight/shoot dry weight, R.8: the

number of rooted shoots.Mean values of characters

S RL LA RDW SDW RDW/
Cultivars  Groups (cm) (cm) (mm?®) (mg) (mg) SDW RS
Kemnebec1 1 2.83* 11.08 141.3¢F 0.021* 0.045 041° 2.85
Main 1 289 13.11* 150.30° 0.023* 0.037 0.60° 2.75*
Cosima 1 219 11.25 143.7¢¢F 0.019® 0.03¢¢ 0.57* 3.10°
W. Desiree 2 315 9.12° 19470 0.0132° 0.043% 0.28 2.7
R.Bubank 2 3.08° 7.67° 123.60° 0.011° 0.033 0.31° 2.55°
Maradona 2 3.10° 11.03 135.70P 0.016° 0.041* 0.31° 2.85*
Diamant 2173 725 117.03° 0.012*  0.025° 0.39° 1.55°
Agria 3 03.06° 941 73.00 0.010° 00240 044° 275
Marfona 3025 67 TOlF 0.011° 0.024% 0.29% 2.06°
Concord3 3 1.63% 449 7605 0.00% 00188 023 1.90°

1: The most salt tolerant,: The most salt sensitive
1: Salt tolerant, 2: salt moderate, 3: salt sensitive

Difterent letters in each column show significant difference (p<<0.03)
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(39 cycle) followed by 72°C for 5 min. DNA banding were
revealed by electrophoresis at 90V on 1%6 agarose gels
using ethidium bromide staining (7 pl of a solution of
10 mg ml~" for 70 m1 of gel) and photographed under UV
light (302 nm) using a Polaroid camera and a photo print
image visualizer.

Clustering of potato cultivars based on their response
to salinity: Grouping of the cultivars was conducted
based on dry weight as a representative of all
physiological characters (Table 1). The potato cultivars
were also classified according to RAPD banding using
NTYSIS-PC soft ware.

RESULTS

Screening of potato cultivars based on physiological
parameters: Five weeks after salt freatment of plants,
physiological characters including: Shoot Length (SL),
Root Length (RL), Shoot Dry Weight (SDW), Root Dry
Weight (RDW), Leaf Area (LA), number of rooted shoots
(RS) and RDW/SDW were measured, Then the value for
each parameter for plants ranked and finally the overall
value for each character considered as a final data for
ranking of the cultivars for salt response.

According to the response of plants under salt stress
(Table 1), potato cultivars calcified in three distinct
groups, (1) Tolerant, including Kennebec> Main>= Cosima.
(2) Moderately tolerant including: White Desiree>
Diamant> Maradona> Russet Burbank, (3) Sensitive:
including: Agria> Marfona >Concord respectively.

There was a significant difference (p<0.05) in
response to salinity between Kennebec and the other
cultivars, consequently Kennebec was selected as a salt
tolerant. In confrast, Concord with the lowest wvalue
{(p=0.05) of physiological parameters considered as
sensitive cultivar. As Fig. 1 showing, cultivar Concord
showed dramatic decreaze in dry weight as well as other
physiological characters when the concentration of zalt in
the medium increased. At 60 to 120 mM NaCl Concord
showed sever damages on leaves and did not grow, while
cultivar Kennebec at the same condition rooted very well
and did not show leaf necrosis (Fig. 2).

Clustering of the potato cultivars based on their
response fo salt stress according to dry weight showed,
four clusters (Fig. 3), Cluster 1 consist of White Desiree,
Russet Burbank and Diamant. Cluster 2 including Cosima
and Main. Cluster 3 consist of Kenebec and Maradona.
Cluster 4 including Marfona, Agria and Concord. In this
grouping, three cultivars (Marfona, Agria and Concord)
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Fig. 1: Response of potato cultivar Concord (Sensifive
culfivar) to different concentrations of NaCl
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Fig. 2: Response of potato cultivar Kennebec (Tolerant
cultivar) to different concentrations of NaCl
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Fig. 3: Dendrogram based on dry weight of potato
cultivars under salt stress.WD: White Desiree,
Mrd: Maradona Rb: Russet Burbank, Di; Diamant,
Co: Cosima, Mai: Main, Ken: Kennebec, Mrf
Marfona, Ag: Agria, Con: Concord

are calcified as sensitive cultivars with 100% similarity.
Cultivar White Desiree, Russet Burbank and Diamant
are moderately salt tolerant group. In this cluster
Rusget Burbank shows 100% similarity with Diamant
and 50% similarity with White Desgiree. In the other 2
cluster Cosima have 50% gimilarity with Main and
Kenebec again 50% similarity with Maradona. However,
Kenebec is much cloger to Maradona.than the other
culfivars (Fig. 3).
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Fig. 4: Gel electrophoresis of RAPD fragments obtained
with primer FPK2-19. Lad: molecular markers (1 kb
DNA ladder). WD: White Desiree, MRF: Marfona,
RB: Rusget Burbank, CO: Cosima, KO: Concord,
DI: Diamant, KEN: Kennebec, MRD: Maradona,
AG: Agria and M AT Main
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Dendrogram of genetic relationship of potato
cultivars based on RAPD analysis. WD: White
Degiree, MRD: Maradona, RB: Ruszet Burbank,
DI: Diamant, CO: Cosima, MAT Main (9), KEN:
Kennebec, MRF: Marfona, AG: Agria, CON:
Concord

The result of DNA banding pattern using primer
FPK2-19 is illustrated in Fig. 4. This primer among six
random primers and four ISSR primers showed a reliable
and reproducible DNA bands.

The dendrogram constructed using NT method is
shown in Fig. 5. The Genomic relationship among 10
potato cultivars was investigated based on the DNA
banding pattern resulted in RAPD-PCR. Analysis of the
DNA banding pattern using NTY SIS-PC program, showed

three relatively distinct clusters (Fig. 5). White Desiree

and Diamant were similar to each other (100%) while they
have Approx. 50 and 35% similarity with Cosima and
Kenebec respectively. Marfona, Agria (the sensitive
cultivars) and Main (tolerant cultivar) showed a cluster
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with 100%o similarity. However they illustrated about 50%%
similarity with Russet Burbank (moderately tolerant).
Cultivar Concord as a sensitive cultivar to salt stress
made a separate line with least similarity to other potato
cultivars. Cultivar White Desiree and Diamant (moderately
salt tolerant) made a cluster with 100% similarity where
they have about 50% similarity with Cosima and
Kennebec (salt tolerant). However, the clusters clearly
showing the genotype dependency of salt tolerance trait
of potato cultivars.

DISCUSSION

It has been documented that, the response of potato
cultivars to salt stress is genotype dependent. In this
study, we used dry weight as a representative of some
important physiological parameters such, shoot and root
length and number of roots and shoots. According to the
results obtained by grouping of cultivars based on dry
weight under salt stress the results of evaluation of salt
tolerance in 10 potato cultivars showed they can be
calcified in three groups. Relatively salt tolerant,
moderately salt tolerant and salt sensitive. We found
Kemnebec, Cosima and Main ag salt tolerant cultivars and
cultivars Concord,Agria and Marfona as sensifive
cultivars. Potato cultivar Kennebec has already been
reported as relatively salt tolerant cultivar [4, 6, §, 9]. We
found cultivars Main and Coszima relatively salt tolerant
and to some extend similar to Kennebec. In this study,
Russet Burbank classified as moderately salt tolerant
while, it has already been proposed ag tolerant cultivars
[1, 8]. They have tested the salinity tolerance of the
potato cultivar under pot culture. Perhaps the growing
condition of the potato plants (ix vitro culture versus pot
culture) might be a source of variation in the results.

In the present study, Concord is proposed as salt
sensitive cultivar. The sensitivity of this cultivar to
galt stress has been reported by other researchers for
example, Collares 2f ol. [5]. Cultivar Diamant hags already
been introduced as a salt sensitive by Rahnama and
Ebrahimzadeh [9], we found this cultivar as a moderately
salt tolerant and not sensitive. The difference might be
due to the difference in experimental conditions or the
range of salt concentrations in the medium which has
been tested. One important conclusion obtained from
clustering of dry weight (as an overall value for
physiological parameters) is simil arity of cultivar Marfona,
Agria and Concord as sensitive cultivars. These cultivars
are cloge to each other. However, the other cultivars either
salt tolerant or moderately salt tolerant were more and less
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close to each other and they have obvious distance from
the sensitive cultivars.

Interestingly, RAPD cluster “similar to dry weight”
showed that, cultivar Concord 1s a separated genotype
from other cultivars and the sensitivity of this cultivar is
a genetic rather than epigenetic property. Cultivar
Marfona, Agria and Mamn are very similar (100%) and
make a close cluster, where Marfona and Agria are
sensitive cultivar to salt stress, Main 1s a salt tolerant
cultivar. Again, this result indicating that, the salt
tolerance of cultivar Main might be due to physiological
adaptation to salt stress while, cultivar Marfona and Agria
are more likely to be genetically salt sensitive. Based on
the similarity, the other potato cultivars (White Desiree,
Cosima, Kennebec and Maradona), to be
genetically salt tolerant and the tolerance in these
cultivars may not be interpreted as physiological
adaptation.

SCEImMs

There 15 an obvious polymorphism among cultivars
in both denderograms (Fig. 3 and 5). We can compare the
position of some cultivars in two denderograms. Concord
has separated from other cultivars in both denderograms
and shows the least similarity with other cultivars. Despite
of different clusters m this group Cultivar Kennebec,
Cosima and Main have about 50% similarity based on dry
welght.

Comparison of polymorphism Using RAPD markers
and physiological parameters has been reported by other
researchers [7, 12].

Seraj et al. [11] grouped some land races of rice based
on the data obtained after salt treated of seedlings. They
used plant survival, leaf area and shoot height as
physiological characters for clustering. They came to
the same conclusion as we found. In some cases, the
salt tolerant and salt sensitive plants showed both
epigenetic and/or genetic tolerance. Marconi ef af. [6] and
Ochat et al. [4] reported that finger printing by RAPD
confirm the regenerated salt-tolerant plants. The
regenerated plants have been genetically different from
their parents. In another investigation Zacchini et af. [12]
found that some maize callus lines were salt tolerant based
on DNA pattern of RAPD. They suggested that, the
callus response to salt stress was due to genetic
differences. Similar results were reported onrice [7].

CONCLUSIONS

It can be concluded that DN A banding pattern using
RAPD analysis can discriminate between salt tolerances
traits originated from genetic or epigenetic (physiologic)
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source. In this study, we found that some potato cultivars
were both genetically salt sensitive salt tolerant. These
traits can be discriminated by combination analysis using
physiological parameters and RAPD marker. In this way,
they can be marked as genetically or epigenetically
sensitive or tolerant cultivars.

AKNOWLEDGMENTS

Authors wish to thanks the Council of Graduate
Study of the University of Isfahan for their collaboration
and support.

REFERENCES

Zhang, Y. and D. Donnelly, 997. In vitro assays for
salinity tolerance screening of potato. Potato
Research, 40: 285-295.

Silva, JAB., W.C. Oton1 and C.A. Martinez, 2001.
of Andean potato species
(Solanum spp.) as affected by salinity. Scientia
Horticulturae., 89: 91-101.

Munns, R. and R.A. James, 2003. Screemung methods
for salimty tolerance: a case study with tetraploid
wheat. Plant and Seil., 253: 201-218.

Ochatt, S.J., PL. Marconi, S. Radice, P.A. Armozis
and O.H. Caso, 1999. In vitro recurrent selection of

Microtuberization

potato; production and characterization of salt
tolerant cell lines and plants. Plant Cell Tissue and
Organ Culture, 55: 1-8.

Collares, E.AS., E. Choer and A.S. Pereira,
2004. Characterization of potato genotypes using
molecular markers. Pesqg. Agropec. Bras. Brasilia.,
39: 871-878.

Marceny, P.L., MP. Benavides and O.H. Caso,
2001. Growth and physiological characterization of
regenerated potato (Solanum tuberosum) plants
affected by NaCl stress. New Zeland Journal of Crop
and Horticultureal Science, 29: 45-50.

Murashige, T. and F. Skoog, 1962. A revised medium
for rapid growth and bicassay with tobacco tissue
culture. Plant Physiol., 15: 473-497.

Miki, Y., M. Hshiba and S. Hisajima, 2001.
Establishment of salt stress tolerant rice plants
through step up NaCl treatment in vitro. Biologia
Plantarum, 3: 391-395.

Potluri Sasikala, D.P. and P.V. Devi Prasad, 1994
Salimty effects on In vitre performance of some
cultivars of potato. R. Bras. Fisiol. Veg., 6: 1-6.



11.

12.

Am-Euras. J. Agric. & Environ. Sei., 3 (2): 159-164, 2008

Rahnama, H. and H. Ebrahimzadeh, 2005. The effect
of NaCl on antioxidant enzyme activities in potato
seedlings. Biologia Plantarum., 49: 93-97.

Seraj, Z.1, L.A. Lisa, MR. Islam, R. Begum and
D XK. Das, 2006. Genetic diversity of saline costal rice
(Oriza sativa 1..) landraces of Bangeladesh. In: Rai,
A K. and T. Takabe (Eds.). Abiotic stress tolerance
i plants.  Springer, Netherlands, pp: 230-244.
Zacchini, M., A. Marotta and M. de Agazio, 1997.
Tolerance to salt in maize callus lines with different
polyamimne content. Plant Cell Reports., 17: 119-122.

13.

14.

164

Foolad, M.R. and F.QQ. Chen, 1998. RAPD markers
associated with salt tolerance in an interspecific
cross of tomato (Lycopersicon sculentum » L.
penmnellin). Plant Cell Reports., 17: 306-312.
Williams, JGXK., AE Kubelik, K.J. Levak,
T.A. Rafalski and S.C. Tingey, 1990. DNA
polymorphism amplified by arbitrary primers are
useful as genetic markers. Nucleic Acid Res,
18: 6531-6535.



