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ABSTRACT

Aims: The main aim of this study was to screen potato germplasms for salt tolerance and to find out
the suitable molecular markers associated with salt tolerance in potato lines.

Experimental Design: The present experiment was laid out in Completely Randomized Design
(CRD) and replicated thrice.

Experimental Site: The experiment was conducted at the plant molecular laboratory, Department of
Biotechnology, Bangabandhu Sheikh Mujibur Rahman Agricultural University, Salna, Gazipur and
Tissue culture laboratory of Bangladesh Agricultural Research Institute, Gazipur, Bangladesh.
Methodology: In vitro screening of eight potato lines viz. CIP 101, CIP 102, CIP 111, CIP 112, CIP
117, CIP 124, CIP 134, CIP 139 along with two popular potato varieties namely Asterix and Diamant
were used to screen for salt tolerance at different levels of NaCl concentration (0, 2, 4, 6 and 9
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dS/m). MS20 medium was used as a culture media with different concentration of NaCl where single
node cuttings (SNC) from the collected plant materials were transferred accordingly. Minute
observations on shoot length, root length, leaf area, shoot dry weight, and root dry weight were
documented periodically.

A polymerase chain reaction (PCR) based approach, namely random amplified polymorphic DNA
(RAPD) analysis was applied to the selected lines and varieties of potato in order to assess the
degree of salt tolerance.

Results: Perusal of the tables revealed a significant variation among the potato lines and varieties.
Shoot length, root length, leaf area, shoot dry weight, and root dry weight was decreased with the
increase of salt concentration in the used medium. Banding pattern of RAPD confirmed a distinct
polymorphism between salt tolerant, moderately salt tolerant and salt sensitive lines. The clustering
pattern of the potato genotypes in this study suggests that, the salt tolerance and salt sensitivity of
some potato lines are due to the genotypic variation and possibly not for the epigenetic adaptation
under salt stress condition.

Comparing the mean value of growth parameters using ANOVA and from RAPD marker analysis,
total ten potato genotypes can be classified as follows: the salt tolerant (CIP 102, CIP 112 and CIP
139), the moderately salt tolerant (CIP 111, CIP 124, CIP 134, Asterix and Diamant) and the salt
sensitive lines (CIP 101, CIP 117).

Conclusion: The salt tolerant potato lines (CIP 102, CIP 112 and CIP 139) of the present

experiment can be used for future breeding programs to develop salt tolerant potato variety.

Keywords: In vitro; screening; RAPD markers; salt tolerance; polymorphism.

1. INTRODUCTION

Potato (Solanum tuberosum L.) is a worldwide
cultivated tuberous food crop. Regarding human
consumption it grades the third position after rice
and wheat worldwide [1]. In Bangladesh, it is a
notified crop and has become an integral part of
the human food supply chain because of its
various forms of utilization in their daily diet [2].
Potato has also occupied a good position in
processing industries as well as it can be used
to produce some other diversified (by) products
like alcohol, starch, glue, bio-ethanol,
pharmaceutical, cosmetics etc. [3].

Now a days, potato production in Bangladesh is
in increasing trend and about 8.4 million MT of
potato from 460,000 ha of area has been
produced with an average yield of 18 MT/ha. But
the production in the coastal area are still low
because of high salinity. Coastal area of
Bangladesh constitutes 20% area of the country
of which 53% are affected at different level of
salinity [4]. Salinity problems covers more than
30% of the world’s irrigated areas and this
problem is a major limitation for the plant growth
and productivity especially in potato. Potato has
threshold salinity levels from 1.6 to 2.5 dS m-1
and considered as moderately salt sensitive
likened with other crops [5]. Due to excessive ion
and water shortage salinity may cause several
physiological, morphological, biochemical and
developmental changes in plants [6]. The most

vital process that is influenced by salinity is
photosynthesis [4].

Salinity is one of the major constraint for potato
production in the southern belt of Bangladesh.
That's why, to develop or identify a salinity
tolerant potato variety is very important to ensure
the food security. Selection and hybridization of
salinity tolerant cultivar could be an effective
solution in the saline area to ensure potato
production [7].

Genetic data on potato genotype are very
scarce in this country condition. In field condition,
screening of large number of genotype is
troublesome because of heterogeneity of soil
condition and seasonal fluctuations. One of the
reliable and time saving technique for selection
of desirable trait under selection pressure without
having any environmental influence is the potato
tissue culture [8]. Molecular variation in the tissue
cultured plants has been characterized at DNA
level. So, to find out natural genetic variation and
selection in stressed environmental condition is
completed with molecular marker technology [9].

Different molecular markers viz., restriction
fragment length polymorphism (RFLP), random
amplified polymorphic DNA (RAPD), amplified
fragment length polymorphisms (AFLP), simple
sequence repeat SSR and inter-simple sequence
repeat (ISSR) are being utilized to characterize
the genetic variation. Amongst these molecular




markers, RAPD marker requires small amount of
DNA and the marker analysis is easy, simple and
quick [10]. These benefit of RAPD marker justify
the use and popularity of it for genetic diversity
studies. Keeping in view the above-mentioned
considerations, the present study set out to
screen potato germplasms for salt tolerance as
well as to identify molecular markers associated
with salt tolerance in potato by RAPD technique.

2. MATERIALS AND METHODS

2.1 Plant Materials

Eight potato lines namely CIP 101, CIP 102, CIP
111, CIP 112, CIP 117, CIP 124, CIP 134, CIP
139 and two popular potato varieties Asterix and
Diamant were used as experimental materials in
the present investigation. Plant materials were
collected from the Tuber Crops Research Centre
(TCRC) of Bangladesh Agricultural Research
Institute (BARI), Gazipur-1701, Bangladesh.
Shoot length was measured from every plant in
centimeters, from the base to the main stem to
top of the longest leaf and average was
calculated. Root length was measured from the
root tip to upper portion of stem from where root
started to form and average was calculated in
centimeters. Leaf area (cm”) was measured after
calculating the one-sided green leaf area per unit
ground surface area. Shoots and roots were
separated and washed with water to remove
surface salts. Then these plant parts were oven
dried at 72°C for 72 hours and weighted (gm) to
get dry mass.

2.2 In vitro Culture and Treatment

MS20 medium [11] was used as a culture media
with different concentration of NaCl. Four levels
of salt concentration were taken for each
treatment: 25 mM/l or 2 dS/m NaCl, 50 mM/I or 4
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dS/m NaCl, 75 mM/l or 6 dS/m NaCl and 100
mM/l or 9 dS/m NaCl. Single node -cuttings
(SNC) from the collected plant materials were
transferred to culture medium treated with
different level of salt and kept in a climate
chamber for shoot induction in dark at 25+2°C.
After three to six-week observations were carried
out to note the responses.

2.3 DNA Extraction

Genomic DNA was extracted from salt treated
fresh young tender leaves. Approximately 20 mg
of leaf from each replication was taken into
Eppendorf tube. Then, 300 ul tissue lysis buffer
and 10 ul of RNAse solution was added and
homogenized by homogenizer. To remove any
solid particles centrifugation was done. After that
300 pl of nuclease free water was added and
each plant lysate was transferred from the
extraction tube to plant DNA extractor machine
Maxwell 16 (origin: Promega, USA) to extract
DNA [12].

PCR

2.4 Primer Selection and

Amplification

Ten RAPD primers (Table 1) were selected to
evaluate the molecular polymorphism among the
potato varieties. All the primers were selected
from previous works and related to salt tolerant
gene expression [13,14]. PCR reaction was
performed using Promega PCR master mix kit.
Master mixture is a premixed, ready-to-use
solution containing Tag DNA polymerase,
dNTPs, MgCI2 and reaction buffers at optimal
concentrations for efficient amplification of DNA
templates by PCR. The PCR products were
resolved at 100 V for 4 hours, 1.2% agarose gel
prepared in 1x Tris-borate-EDTA (TBE) buffer.
Gel was photographed using Gel-Documentation
system (ALPHAIMAGER TM 2200).

Table 1. List of Primers used for RAPD analysis along with their sequence

S/IN Primer Primer sequence (5' - 3') Number of base pairs
1 OPA 03 AGTCAGCCAC 10
2 OPA 04 AATCGGGCTG 10
3 OPB 01 GTTTCGCTCC 10
4 OPB 04 GGACTGGAGT 10
5 OPC 03 GGGGGTCGTT 10
6 OPC 04 CCGCATCTAC 10
7 OPD 01 ACCGCGAAGG 10
8 OPD 03 GTCGCCGTCA 10
9 OPD 04 TCTGGTGAGG 10
10 OPE20 AACGGTGACC 10




2.5 Data Analysis

The data for the characters under study were
statistically analyzed wherever applicable. Data
were analyzed using MSTAT-C statistical
package developed by Gomez and Gomez [15].
The mean differences of the treatments were
adjusted by least significant difference (LSD) test
at 5% level of significance.

3. RESULTS AND DISCUSSION
3.1 Growth Parameter

3.1.1 Shoot length (cm)

Shoot length (cm) were significantly influenced
by different salinity level (Fig. 1), decreased with
the increase of salinity. CIP 139 line showed
overall better performance from any other line at
different salinity level. CIP 102 and CIP 112 lines
were shown very similar result which is near to
CIP 139 line. CIP 101 and CIP 117 lines
produced small shoot length at high salinity level
than any other lines of this experiment. CIP 111,
CIP 134, Asterix and Diamant were shown
moderate results. Egeh and Zamora [16]
reported that shoot length of potato varieties
decreased with the increase in salinity level.
Lauchli and Epstein [17] found that salinity
affects plants in different ways such as osmotic
effects, specific-ion toxicity and/or nutritional
disorders which have direct effect on shoot
length. It has been documented that, the

——CIP 101 —®—CIP 102
CIP 134

—

7 CIP 124

Shoot length (cm)
S = N W kA 0 N O 0 O O
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response of potato cultivars to salt stress is
genotype dependent [18].

3.1.2 Root length (cm)

Root length is an important character in in vitro
potato screening. Significant variation was found
in length of root among the potato lines (Fig. 2).
CIP 112 line produced highest root length at
different salinity level than other lines.
Statistically similar results were found in CIP 102
and CIP 139 lines. Very poor root length was
found in CIP 101 and CIP 117 lines. High levels
of soil salinity can significantly inhibit seedling
growth, due to the combined effects of high
osmotic potential and specific ion toxicity [19].
High concentration of salts in the root zone
decreased soil water potential and the availability
of water [20]. This deficiency in available water
under saline condition caused dehydration at
cellular level and ultimately osmotic stress occurs
[21].

3.1.3 Leaf area (cmZ)_

Leaf area (sz) is the vital growth parameter of
the potato plantlet. Significant variation was
found in number of leaves per plantlet (Table 2).
At 2 dS/m NaCl salinity level, leaf areas were
ranged from 2.5 cm? to 3 cm®. At 6 dS/m, highest
leaf area was recorded in CIP 102 (2.4 cm?)
line and lowest in CIP 101 (1.7 sz)_ In addition
to this, CIP 102 had highest leaf area in all
salinity level. Munns [22] reported that

CIP 111 —<—=CIP 112 —*—CIP 117

CIP 139 Asterix Diamant

0dS/m

2dS/m 4 dS

Salinity level

/m 6 dS/m 9 dS/m

Fig. 1. Shoot length performance of potato lines at different salinity level
LSD=Least Significant Difference at 5%, CV (%)= 6.82, LSD value= 0.6520
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Fig. 2. Root length performance of potato lines at different salinity level
LSD=Least Significant Difference at 5%, CV (%)= 4.11, LSD value= 0.0.3935

Table 2. Interaction effect of different level of NaCl on leaf area of different potato lines

Potato lines leaf area (cm?) at different salinity level

0dS/m 2dS/m 4 dS/m 6 dS/m 9 dS/m
CIP 101 2.8 cde 2.5 fghe 1.9 1Imn 1.7 nop 1.5p
CIP 102 3.2a 3 abc 2.8 cde 2.4 ghi 2.2ijk
CIP 111 3.1ab 2.8 cde 2.5fgh 2.27 hijk 1.8 mno
CIP 112 3 abc 2.9 bed 2.7 def 2.3 hi 21 jk
CIP 117 2.9 bed 2.4 ghi 2.1 jkl 1.8 no 1.6 op
CIP 124 2.9 bed 2.7 def 2.5fgh 2.0kl 1.9 Imn
CIP 134 3 abc 2.7 def 2.3 hij 2.1 jhijkl 2 kim
CIP 139 3.2a 2.9 bed 2.7 def 2.3 hi 2.0Imn
Asterix 3.1ab 2.77 cdef 2.4 ghi 2.0kl 1.7 nop
Diamant 2.9 bcd 2.6 efg 2.1 jkl 1.9 Imn 1.6 op
CV (%) 6.95

moments after salinization, cells dehydrate and
shrink, but regain their original volume hours
later. Despite this recovery, cell elongation and to
a lesser extent cell division, are reduced leading
to lower rates of leaf and root growth. Over the
next days, reductions in cell division and
elongation translate into slower leaf appearance
and size.

3.1.4 Shoot dry weight (mg)

Salinity effect on shoot dry weight of ten different
potato line represents a significant difference
(Fig. 3). Overall better performance of shoot dry
weight at different salinity level was in CIP 102
line. CIP 139 and CIP 112 lines represent similar
pattern in case of shoot dry weight at different
salinity level. Asterix, Diamant and CIP 111 had

similar shoot dry weight. On the other hand,
there was a marked reduction in shoot dry weight
of CIP 101 and CIP 117 with increasing level of
salinity. In general, it can be said that with the
increase in NaCl, the shoot dry weight of all lines
significantly decreased. Plants growing in the
presence of increasing NaCl concentrations
decreased their shoot and root dry weight in all
potato cultivars also reported by Zhang and
Blumwald [23], Pour et al. [24].

3.1.5 Root dry weight (mq)

Salinity level at 9 dS/m had the maximum effect
in reducing the root dry weight (Table 3). Control
treatment (no salinity) had the maximum root dry
weight. The maximum root dry weight was
recorded in CIP 102, CIP 112 and CIP 139 at the
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Fig. 3. Shoot dry weight performance of potato lines at different salinity level
LSD=Least Significant Difference at 5%, CV (%)= 3.55, LSD value= 1.458

different level of salinity. Significantly the least
root dry weight was observed in CIP 101(3.30
mg) and CIP 117 (3.40 mg) at the salinity level of
9 dS/m. The reduction of the dry weight of root
due to increased salinity may be a result of a
combination of osmotic and specific ion effects of
Cl- and Na+. Similar results were obtained earlier
by Mohammad et al. [25] in tomato cultivars.
Saline stress leads to changes in growth,
morphology and physiology of the roots that will
in turn change water and ion uptake revealed by
Tyerman and Skerret [26].

The plants grown under high salinity (9 dS/m) fail
to activate the dehydration avoidance
mechanism like making root membranes
impermeable for toxic ions of Na* and CI". Plants
cannot maintain stomatal conductance up to

desired rate thus could not withstand high salt
stress and experienced the reduction in growth
observed by Abbruzzese et al. [27]. Roots are
directly in contact with growth media containing
toxic salts that stop the long-term root growth
which indirectly affect the biomass production
found by Tyerman and Skerrett [26]. Syvertsen et
al. [28], Kasukabe et al. [29] found that under
saline condition, CO, assimilation of plant
become decreased and it is major energy source
for the growth and development, ultimately root
growth decreases. The reduction in root length
caused the decrease in biomass which is
commonly observed under salt stress condition
[30,31]. A decrease in root length with the
increments in salinity in present assessment
confirms the results of Syvertsen et al. [28],
Kasukabe et al. [29] and Katerji et al. [32].

Table 3. Interaction effect of different level of NaCl on root dry weight of different potato lines

Potato lines Root dry weight (mg) at different salinity level

0 dS/m 2dS/m 4 dS/m 6 dS/m 9 dS/m
CIP 101 7.1 abc 5.1 no 4.9 nop 4.6 pgr 3.3s
CIP 102 7.3a 6.9 bcde 6.7 cdef 6.1 hijk 5.7 kim
CIP 111 7.0 bed 6.8 cdef 6.4 fghi 5.9 jki 4.4 qr
CIP 112 7.3 a 7.0 bed 6.7 cdef 6.2 kl 5.7 kim
CIP 117 7.1 abc 5.1 no 4.8 opq 44 qr 34s
CIP 124 7.1 abc 6.6 defg 6.4 fghi 5.9 jki 5.1no
CIP 134 7.3a 6.4 fghi 6.1 hijk 5.8 jki 43r
CIP 139 7.2ab 6.9 bcde 6.7 cdef 6.2 kl 5.8 jkl
Asterix 7.3a 6.6 defg 6.1 hijk 5.6 Im 4.9 nop
Diamant 7.2ab 6.8 cdef 6.5 efgh 5.3 mn 4.7 opar
CV (%) 4.21




3.2 Molecular Characterization through
RAPD Markers

3.2.1 Overall RAPD diversity

Using ten primers across ten potato lines, a
total of 40 alleles were found of which OPC 03
showed the highest number of alleles (5)
and OPA 03 showed the lowest number of
alleles (3), with an average of 4.0 alleles
across the 10 loci (Table 4). The frequency of
the most common allele at each locus
ranged from 30% (OPB 04, OPB 04, OPC 03,
OPC 04, OPE 20) to 40% (OPA 03, OPD 01,
OPD 03, OPD 04). The polymorphic
information content (PIC) was ranges from
0.58 to 0.72 with an average of 0.65. The
highest PIC value (0.72) was obtained for OPC
03, OPC 04, OPE 20 followed by OPB 01 and
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OPB 04 (0.6918) (Table 4). PIC value revealed
that OPC 03, OPC 04, OPE 20 are the best
marker for these ten lines. Fig. 4 showed gel
pictures of amplified fragment using RAPD
primers OPD-03.

Lower PIC value indicates that the genotypes
under study are of closely related types,
while the higher value of the PIC indicates higher
diversity of the materials which is better for
development of newer varieties.

The number of alleles amplified by a primer and
its PIC values also depends upon the repeat
number and the repeat sequence of the RAPD
sequences [33,34]. Top PIC value was observed
in this study for the primers OPC 03, OPC 04,
OPE 20 with the repeat motif sequence GT, CT,
AGC.

Fig. 4. RAPD profile of 10 potato lines using primer OPD-03
Lane: 1= Diamant, 2= Asterix, 3= CIP 139, 4= CIP 134, 5= CIP 124, 6= CIP 117, 7= CIP 112, 8= CIP 111, 9= CIP
102, 10= CIP 101, L= Ladder 1kb and 100 bp

Table 4. Number of alleles, allele size range, highest frequency allele and polymorphism
information content (PIC) found in 10 potato lines

Marker name  Allele no. Size range (bp) Highest frequency allele PIC value
Size(bp) Freq (%)
OPA 03 3 63-255 193 40% 0.5862
OPA 04 4 115-220 115,181,220 33% 0.6660
OPB 01 4 117-343 178,343 30% 0.6918
OPB 04 4 179-350 223,350 30% 0.6918
OPC 03 5 229-421 323,421 30% 0.7204
OPC 04 4 184-421 184,421 30% 0.7204
OPD 01 4 234-354 276 40% 0.6454
OPD 03 4 165-330 260 40% 0.6454
OPD 04 4 184-410 189 40% 0.6454
OPE20 4 223-280 234,280 30% 0.7204




3.2.2 Genetic distance-based analysis

Cluster analysis based on UPGMA (Unweighted
Pair-Group Method for Arithmetic Average) with
DICE genetic distance divided the ten potato
lines into two major groups, cluster | and cluster
Il (Figure 5). Cluster | was divided into two sub
clusters, i.e. cluster IA and cluster IB. Cluster 1A
consist of three lines viz. Diamant, CIP 134 and
CIP 101. On the other hand, cluster IB consist of
CIP 117. Furthermore, Cluster Il also divided into
two sub clusters, i.e. cluster IIA and cluster IIB.
Cluster IIA constructed by two lines viz. Asterix
and CIP 111. Cluster 1IB made of four lines viz.
CIP 139, CIP 112, CIP 102 and CIP 124.

Additionally, ten lines were classified into four
clusters when similarity coefficient was
considered as 25% (Table 5). It was also
obtained from Cluster analysis based on UPGMA
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that the pair of lines viz. Diamant and CIP 134
which belongs to Cluster-l and CIP 102, CIP 112
and CIP 139 was in cluster IV. The result
indicated that the genotypes viz. Diamant and
CIP 134 (Cluster I), CIP 102, CIP 112 and CIP
139 (Cluster II) might be same genetic
background which could be verified using more
markers.

A dendrogram based on Nei's [35] genetic
distance using unmeasured pair group method of
arithmetic mean (UPGMA) was established with
10 popular potato lines (Table 6). The result
indicated that, low and high level genetic
distance exists between the genotypes. The line
CIP 102, CIP 139, and CIP 112 showed highest
level of genetic diversity from Asterix, Diamant,
CIP 134, CIP 111, and CIP 117 which can be
used for further potato breeding program, and in
between them they show lower genetic diversity.

v

I T T T T T T T T T T
ax X poas a3y

Coefficient

Fig. 5. UPGMA dendrogram based on Nei’s (1972) genetic distance, between 10 potato lines
according to RAPD analysis
Legend- Cluster I: Diamant (1), CIP 134 (4), CIP 101 (10); Cluster II: CIP 117 (6); Cluster lll: Asterix (2), CIP 111
(8); Cluster IV: CIP 139 (3), CIP 112 (7), CIP 102 (9), CIP 124 (5)
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Table 5. Distribution of 10 potato lines into 4 clusters

Cluster Number of genotypes Genotypes

I 3 Diamant, CIP 134, CIP 101

Il 1 CIP 117

Il 2 Asterix, CIP 111

[\ 4 CIP 139, CIP 112, CIP 102, CIP 124

Table 6. Genetic identity (above diagonal) and genetic distance (below diagonal) values among
the ten potato genotypes

Genotypes Diamant Asterix CIP 139 CIP 134 CIP124 CIP CIP CIP CIP CIP

117 112 111 102 101
Diamant 0.00 0.90 1.00 0.40 0.90 1.00 1.00 090 1.00 0.70
Asterix 0.90 0.00 0.80 0.80 0.90 0.80 0.80 0.50 1.00 0.80
CIP 139 1.00 0.80 0.00 1.00 0.70 1.00 040 0.70 040 0.70
CIP 134 0.40 0.80 1.00 0.00 1.00 070 090 1.00 1.00 0.80
CIP 124 0.90 0.90 0.70 1.00 0.00 090 060 0.60 0.50 1.00
CIP 117 1.00 0.80 1.00 0.70 0.90 0.00 090 1.00 0.80 0.80
CIP 112 1.00 0.80 0.40 0.90 0.60 0.90 0.00 0.80 040 0.80
CIP 111 0.90 0.50 0.70 1.00 0.60 1.00 0.80 0.00 1.00 0.80
CIP 102 1.00 1.00 0.40 1.00 0.50 0.80 040 1.00 0.00 0.80
CIP 101 0.70 0.80 0.70 0.80 1.00 0.80 0.80 0.80 0.80 0.00

Sawy et al. [36] reported that, RAPD technique
can be successfully applied to determine the
genetic fidelity of potato plant. Mondal et al. [37]
reported that an understanding of the nature and
magnitude of variability among the genetic stock
is of prime importance to the breeders. Hence, it
is important to analyze the genetic variability of
parental materials. Molecular based analysis of
present finding can provide information on actual
genetic diversity among the potato cultivars.

4. CONCLUSION

Cluster analysis based on UPGMA (Unweighted
Pair-Group Method for Arithmetic Average) with
DICE genetic distance, CIP 102, CIP 112 and
CIP 139 lines are genetically similar and
diversified from other genotypes of this
experiment. These genotypes were found salt
tolerant compared with others. The better
performed lines can be used as a tool for the
selection of salt tolerant line for field
transplantation and for designing breeding
programs.
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