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Summary

Salinity stress is a major abiotic stress effecaggcultural productivity of the world.

The stress covers a large area in all climatic zoMost of the existing crops are
glycophytic; hence, improving salinity toleranceemfonomically significant crops is
crucial. This project studied salinity-induced argspecific ionic changes and its
relationship with the growth parameters. It alsedrto analyze the expression of
genes for ionic homeostasis in CxE diploid potatgpping population. Therefore, a
total of ninety four CxE genotypes as well as paeand parent E were grown under
salinity (3 replications) and control (2 replicat®) condition. The harvested plant
materials were pooled according to the genotypeti@adment received; furthermore,
each genotype was separated in to the root, stelrieah. Eventually, ion content

determination (N§ K*, C&*, Mg?*, CI, PQ* and S@%) on the organs was carried
out using ion chromatography. Primers were designsithg the ESTs (expressed

sequence tags) to quantify the expression of thdidate genes.

The frequency distribution of the genotypes showethange in the position of the
parents, shape of the distribution, and intervalvalues across treatments. The
application of NaCl in to the growth medium has ngigantly increased the
concentration of Na(root, stem and leaf), K(root), M¢* (stem), C&" (stem), Cl
(root, stem and leaf) and Na/K ratio (root, stend &af). However, the treatment
significantly decreased the concentration éf(8tem and leaf), Mg (root), and C&
(leaf and root); whilst it did not show significagffect on Mg* (leaf). The correlation
analyses showed that the interrelationship betwbenions and ions with growth
parameters was changing with the change in orgashgi@wing condition. However,
the experiment on the expression of genes for mmdostasis was not successful to

reveal the genetic evidence in ion transport ofGRE genotypes.

Although a statistical test was not carried out txisting difference among the
genotypes regarding their ion content might behaited to the genetic variation with
in the population. The moderately positive assamabbserved between Nand Cl,

and similarity in the trend of changes in the ratem and leaf after salt treatment
might show the close relationship between thess.idhe ionic changes and their

relationship with the growth parameters might iatkicthat N& compartmentation

VI
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and efflux were helping the genotypes more tharNéieexclusion strategy. However,
according to the ionic changes and their relatiwitls growth parameters; there might
have been ionic toxicity. This might be due to thiiciency of the tolerance

mechanism organized by the genotypes, or the terdatfi20mM) was higher to be
tolerated by the genotypes. The aim to get germtidence thorough expression
analysis about the role of the ion transporters fadsd. This might be attributed to
poor primer design, the materials were not respundir optimum PCR reaction

conditions were not met.

There is treatment dependent ion content variglalihong the genotypes and organs.
The magnitude of salinity-induced change in ionteahwas dependent on the ion
and the organ. Correlation between the ions shaliféefences across the treatment
and organs. Expression analysis of genes for iomelostasis is imperative to
critically evaluate the salinity tolerance mecharssorganized by the CxE genotypes.
Growing of the CxE population at different salinigvels, different environment
(humidity and temperature), collecting (morphol@dicphysiological and genetic)
data on different stages of development, and opétiin of the PCR reaction
conditions can provide a concrete evidence to wtaled the mechanisms of salinity
tolerance in CxE genotypes.



Laboratory Plant Breeding and Genetics

1. Introduction

Salinity stress is a major abiotic stress with grant negative effects that dates back to
ancient civilization. The stress continues to dffd® current health, economic, social and
environmental situation of the world. RengasamyO@Oreported the existence of salinity
problem in all climatic zones covering more tharD kuntries. The problem occurs at
different levels hampering crop production of thesantries. Expansion of salinity problems
is attributed to a multitude of factors: such asrp@infall, rock weathering, wind transport,
and poor irrigatiofChinnusamy and Zhu, 2003; Rengasamy, 2006). Wthiésarid and semi-
arid regions of the world are prone to salinizatihre majority of the irrigated land is also
affected by salinity stress (Blumwadtlal., 2004). Salinity stress restricts the use ofiatéd
and uncultivated land for crop production. Tiigher accumulation of salinity ions in soil
water is deleterious to plant growth and developnfezviewed in: Zhu (2001), Rengasamy
(2006) and Munns and Tester (2008)). Therefor@isabktress is greatly affecting the quality

and productivity of most economically significahépt species in the world.

Due to the climate change increasing agricultunaddpctivity through water and soil
management has become problematic. Salinity ald@snase of irrigation and land clearing
not a practical solution to increase world cropduciion. Flowers (2004) indicated that the
existing crops are generally non-tolerant to splistress. However, there is acute need for
world food supply because of the alarmingly growingyld population. Based on these facts
developing salt stress tolerance varieties hasesuprimportance to boost world food
production (Flowers and Flowers, 2005; Munns, 20D&teja, 2007 and Suet al., 2009).

Thus, it is reasonable to put maximum effort toiaye salinity tolerance capability of crops.

Being frequent trouble, plants evolve adaptatiorclmaisms to salinity stress. However,
under this stress plants show differences in groatid (Munns and Tester 2008). This reflects
variability of salinity tolerance mechanisms amatants. Bartels and Sunkar (2005) reported
that the variability arises from the differencessiness perception, signal transduction, gene
expression programming and alteration of metabphthways. Blumwaldet al., (2004)
deduced that these differences have genetic bB&®siever, use of conventional plant
breeding to exploit the existing genetic variationcrop salinity tolerance improvement was
not fruitful. This is attributed to the genetic gplgysiological complexity of the trait (Flowers,
2004; Flowers and Flowers, 2005). On top of thagrpexperimental design also contributes
to the previous failures (Munns and Tester 2008nBlaldet al., 2004).
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The biochemistry, gene transcription, physiologiaatl morphological functions of a plant
responds to the perceived salinity stress (Zhul200unns and Tester, 2008). M al.,
(2006) and Tuteja (2007) also described the conitgledt the salinity tolerance signaling
pathway and the cross-talks with biotic and abistresses. Hence, it is difficult to understand
the molecular basis of salinity tolerance mechasigmspite of technological advancements
in molecular laboratory (Blumwalet al., 2004). Nevertheless, understanding the molecular
backgrounds of the trait is invaluable to develapng#ty tolerant varieties. To achieve this
continuous genetic, physiological and biochemidakettion of the trait can set the right
foundation (Chinnusamy and Zhu, 2003). In line wgenome sequencing projects, the
salinity tolerance mechanism dissection will cdnite to crop salinity tolerance improvement

programs using suitable plant breeding technologies

1.1 The entry of ions and physiology of salinity séss

Entry of ions

Saline soil contains electrical conductivity (EC4dS nt) in their saturation extract (Seeling,
2000: based on soil classification system of Udingy laboratory staff, 1954). The soill
water soluble salt is reported to be dominated BYIN(Munns and Tester, 2008). Under
salinity condition, ions of the soluble salt enéerd are transported inside the plant together
with the water. Building up of salt in the apopl&stuses dehydration of the cell, in the
cytoplasm it inhibits enzyme activity, and in th@daroplast it affects photosynthetic activity

of plants (Munns and Tester, 2008).

The plasma membrane of the cells is impermealkrge molecules including ions. However,
integral proteins embedded in the lipid bilayerttoed membrane form channels and carriers.
These channels and carriers control uptake of fimm the soil and transport it in the plant
(Munns, 2005). Excessive accumulation of the seludlt ions (eg, Naand CI) in the
apoplastic pathway creates potential gradient agptessma membrane of the cell (Saral.,
2009). Flowers and Flowers (2005) reported thet gotential gradient allows the passive
movement of ions in to the cytoplasm through thenciels. Moreover, Munns (2005)

described the existence of active transport iorautyh carriers.

Chinnusamy and Zhu, (2003) reported that the idi&€ and Cl) in the apoplastic pathway
can penetrate the hydration shells of proteins. dibription of non-covalent bond of amino
acids causes loss of protein functidrhis allows passage of toxic ions through plasma

membrane. The similarity among ions and existerfcaomselective cation channels also
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facilitates the leakage of toxic ions into cyto@®artels and Sunkar, 2005; Sainal., 2009).
Plant growth and development is a result of integtaohysiological processes subjected to
environmental effects. Therefore, entry of the bldwsalts into cytosol of the cell collapses

the physiological processes of the plant.

Effects of salinity stress and the responses by plants

Initially salinity stress imposes osmotic stresat tlestricts the plant’s ability to take up water
and nutrients from the soil solution. This osmgatiess triggers diversion of some metabolic
pathways (Yokoiet al., 2002; Parida and Das, 2005). Thus, plants resporthis stress by
synthesis of compatible solutes (Zhu, 2001; Chiamysand Zhu2003; Munns, 2005). The
solutes are important for regulation of osmotic kostasis, stabilizing membrane proteins,
and maintaining plant growth during saline conditiblowever, if the osmotic homeostasis is
disrupted reactive oxygen species (ROS) are gestkrass a result, enzymes for antioxidant
production are activated (Zhu, 2001; Munns, 20B6ychoudhuryet al., 2008). If ROS
production exceeds the plant’'s scavenging capghiie ROS causes lipid peroxidation,
protein oxidation, enzyme inhibition, and DNA andl/Rdamages (Tuteja, 2007).

High salinity levels that result in accumulationfegh N& and Cl in the cytosol causes ionic
toxicity. The ionic toxicity affect cell metabolismnhibit essential enzymes, disrupt cell
division and expansion, and collapse membrane ag@on (Zhu, 2001; Parida and Das,
2005; Tuteja, 2007; Munns and Tester, 2008; anccRamydhuryet al., 2008). It also affects
photosynthetic capability of the plant (Mahajanal., 2008). Thus, salinity stress causes
growth inhibition or even death of plants. The aétoation of ROS, re-establishing of both
ionic and osmotic homeostasis as well as growthlatign are the primary mechanisms of
salinity tolerance (Zhu, 200Chinnusamy and Zh2003; Blumwaldet al., 2004; and Munns
and Tester, 2008). Thus, plants try to get ridhaf salinity (N&) toxicity by adapting ion
homeostasis using Naxclusion, Na compartmentation or Naefflux (Bartels and Sunkar,
2005; Munns and Tester, 2008;and $tial., 2009). Compartmentation of Nand Cl in to
vacuoles has osmotic adjustment value (Yakai., 2002). The compatible solutes produced
to overcome osmotic stress may also reduce toXectsfof the ions (Munns, 2005). This
shows overlapping of the response to osmotic anet iphases of salinity tolerance. The
effects of salinity stress and plant response nmeshes indicates the pivotal role of the
proteins in the plasma membrane. The activity eséhproteins is at least partly modified by

the genetic basis of the plant. Hence, it is wisthnderstand the signaling cascade of salinity
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stress i.e., perception of stress signal, sigaaltgiuction, and regulation of gene expression to

produce proteins that may confer salinity tolerance

1.2 The pathway of salinity stress response

Sensing the salinity stress

The external ionic and osmotic stress is at fiestsed by the root cells. Then the signal
transduction is partly mediated by ABA to make #feot part alert about the existing
problem (Munns and Tester, 2008). The hyperosmniglard ion-specific signals of salt stress
on apoplastic pathway, such as signals fron &ta sensed by membrane receptors and/or
Na' sensitive cytosolic enzymes (Chinnusamy and ZI0®32 Rensinket al., (2005) and
Tuteja (2007) described that the membrane recefi@rprotein-coupled receptors, ion
channels, receptor like kinase, or histidine kihaigeturn generate secondary signaling
molecules (C&, inositol phosphates, ROS, and ABA). These seaynsignaling molecules
enhance the stress signal transduction pathwaijdéPand Das, 2005). The externally applied
C&* that result in the increment of cytosolic “Canvolves in ion homeostasis through
activation of calmodulin (Yokokt al., 2002). The key role of ain the signaling web
towards salinity stress is also described by Tul@@07). Therefore, the stress signal
perceived on the membrane receptors is transdacedgh the secondary signaling molecules.
This signal information is decoded downstream activaes the transcription factors that
regulate expression of salt stress responsive g@naisajanet al., 2008). The activation of
the salt responsive genes produces proteins thah atifferent stages of salinity tolerance

pathway.

The SOS pathway

The SOS pathway plays central role in salinityrmbee of plants, and is reviewed by Bartels
and Sunkar, (2005); Munns and Tester (2008) andalalet al., (2008). The high Na
accumulation around the root zone and apoplastion@ey induce cytoplasmic €2 which is
sensed by the calcineurin B-like protein (CBL4)/SOS0S3 is dimerized with CBL
interacting protein kinase (CIPK24)/SOS2, and @eatkinase complex. The SOS2-SOS3
kinase complex is also connected with the plasmalnane by myristoyl fatty acid chain.
This complex regulates activity of the plasma membrbound (N4H" antiporter) SOS1.
Moreover, it activates the tonoplast W& antiporter (NHX) and inhibits plasma membrane
low affinity Na" transporter (HKT) (Chinnusamy and ZH003). The SOS2 may also interact
with CAX1 and other calcium binding proteins (cadmg (Tuteja, 2007). The CAX1 can also
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activate NHX, which indicates the crosstalk of tB®S pathway with others to maintain
cellular homeostasis (Figure 1). Plants toleraggh Isialinity effects by avoidance or carry out
osmotic and ionic adjustments. The SOS- signgliathway together with Gais pivotal
regulator of Naand K homeostasis in salinity tolerance of plants (Yadtail., 2002).

Salt stress
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= / [Ca? ]t
* — EGTA. BAPTA
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ct

PL
PIP2 —» IP; + DAG

Ca3+f
v
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T v -

T.ow cyloplasmic Na+

Salinity tolerance

Figure 1.The SOS pathway ‘A key player of salinitetance mechanism in plants’ (Source: Tuteja, 2007)

1.3 lon homeostasis for salinity tolerance

Intracellular ion homeostasis is vital for surviwdlliving cells: it is a mechanism to keep in
check the concentration of toxic ions for propendioning of cellular machinery. lon
homeostasis is maintained by coordinated actioragbus pumps, ions, and Csensors. The
regulation of ion transport is essential for ionmemstasis (Zhu, 2001; Bartels and Sunkar,

2005). Thus, ion transporters are the key detemmténan restoring the ionic homeostasis

(Chinnusamy and Zh2003).

Potassium (K) is one of the most essential elements requirad plant growth and
development. It plays crucial role in metabolismovgth, enzyme activation, and protein
synthesis (Mahajaret al., 2008). For this reason, under normal and stmwition
maintaining high K/Na" ratio is pivotal for plant survival (ChinnusamydaZhu, 2003;
Tuteja, 2007). Hence, plants try to exclude theesg@ntry of Nan to cytosolHowever, N&
can leak into the cytosol through®Kselective channels (HKT), Koutward rectifying
channels, and nonselective cation channels (Yekai., 2002; Bartels and Sunkar, 2005;

Tuteja, 2007). Therefore, plants either efflux twecess Nain cytosol through plasma
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membrane antiporter (SOS1) or compartmentalizenittd vacuoles through tonoplast
antiporter (NHX).

Protons (H) are used as coupling ions for ion transport systi the plasma membrane and
tonoplast (Bartels and Sunkar, 2005; Yoégioal., 2002). Proton pumps such as P-ATPase

in plasma membrane as well as the ¥ATPase and HPPase on the tonoplast provide
energy (reviewed in Yokaat al., 2002; and Bartels and Sunkar, 2005). This ensrggeded
for the movement of ions across the membranes &p ken homeostasis. The genetic
determinants of salinity tolerance are the fundaaisrof cellular ion homeostasis (Y okgii
al., 2002; Blumwaldet al., 2004). The extensive genetic diversity and commwlecular
entities of ion homeostasis for salinity toleramca basic resource to dissect the trait.

1.4 Genetics of salinity tolerance

Salinity stress tolerance or susceptibility of péars a coordinated action of many genes
(Mahajanet al., 2008). Salt stress inducible genes were detdptadaking use of molecular
analysis such as investigation of transcript regutawith microarrays of a hypersensitivity
assay inArabidopsis (Parida and Das, 2005). Munns (2005) classifiedehgenes for salinity
tolerance into three functional groups i.e., gefugsion transport, osmotic adjustment and
growth enhancers. Moreover, the product of the$feirsduced genes are involved in direct
cellular protection (LEA proteins, antioxidants},indirect protection (transcription factors),
and in generation of regulatory molecules (ABAjdic acid and ethylene) (Tuteja, 2007).

Salinity stress may induce or suppress a humbeayengs that regulate the activity of ion
transporters (Munns, 2005). The HKT gene familyniglved in N& exclusion, NHX1 in
compartmentation of Nan to vacuole, and SOS1 for Nafflux (Munns and Tester, 2008).
The expression of AtNHX1 gene in root hairs andrdwells ofArabidopsis thaliana used for
PH regulation and K homeostasis during salinity stress (Parida and, 28€5). The
upregulation of K channels and down regulation of nonselective natlmannels also occurs
under salinity tolerance mechanism (Munns, 2008)S& gene was identified as a gene that
encodes pyridoxal (PL) kinase for biosynthesisitz#min B6, and the SOS5 gene seems to be
important for normal growth and development of pdamnder salinity stress (Mahajanal.,
2008). Although the central role of these genesthanl products in salinity stress tolerance is
confirmed, detailed studies are required on theegdn unravel the complexity of the trait
(Tuteja, 2007). Studies on expression analysishef genes can potentiate the existing

knowledge to choose the key genes for crop imprevermprogrammes (Dorothea and Sunkar,
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2005; Flowers and Flowers, 2005). Until now, ladkuaderstanding about the function of
candidate genes at cellular, tissue, organ and jgael has hampered their application in
crop improvement (Munns, 2005). Moreover, knowledgpeut the crop under study is also
imperative to understand its significance and [saiaccess the potentials.

1.5 The Potato

Potato Solanum tuberosum) belongs to economically significar@olanacea family; is a
starch-accumulating tuberous crop with a tetraptdome that contains 48 chromosomes.
According to the FAOSTAT data of 2007, the worldtgio production is 325.30 million
tonnes littp://www.potato2008.org. This figure indicates the significant sharepotato in

world food production. The ploidy reduction frontrégloid to diploid strengthens the model
role of potato in genetic studi¢&ebhardt, 2004)Despite of its wide importance potato is
very susceptible to high NaCl levdldmida-Sayariet al., 2005). Backhauseet al., (2005)

also reviewed findings of field experiments on potthat reveals the glycophytic nature of

the plant.

The significant impacts of salinity stress on fqgmdduction and the means to tackle it have
been described. The complexity of plant’s salind@grance mechanisms and the difficulties
to understand the trait is well documented. Waysni@vel the trait and its use for future crop
improvement programmes is unanimously suggestededwer, the world wide importance

of potato, its potentials, and the salinity effemtsthe crop is indicated. Therefore, the current

study was carried out on diploid potato mappingytajon (CxE) to:

- Determine the cation and anion content in the rmaitf, stem and shoot of the CxE
population. Moreover, to correlate the ionic changaused by salinity stress with

physiological and morphological components of tlaap

- Analyzing the expression level of potato candidgeme families for salinity stress
tolerance (SOS, HKT1, NHX). Although this objectinveas not successful, it was
designed to get evidence for the importance ofdhd@ransporters in reestablishing the

ionic homeostasis in CxE population.
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2. Materials and Methods

2.1 Experiment |
2.1.1 Genetic background of CxE population

The plant materials were obtained from the diploadato backcross population consisting of
238 genotypes from a cross between C (USW5337.finétaan RE, 1967) and E
(77.2102.37; Jacobsen, 1980). Parent C is a ceisgebn theés. phurga (P1225696.1) an&.
tuberosum dihaploid (USW42); where as, parent E is derivednfa cross between C and the

S. vernei-Stuberosum backcross clone VH3-421 (Jacobsen, 1978).

2.1.2 The CxE population plant material

A total of ninety four CxE genotypes as well asgoarC and parent E were used for this
experiment. Plants were propagated in vitro cultarel axillary shoots were grown for two
weeks on a standard MS (Murashige and Skoog) mediiter two weeks, the plantlets were
transferred to the hydroponics system in greendomsler 18/15.6°C day/night temperature,
16 h day length and 60 /80% day/night RH (the gtemuse condition was changing with the
change in the environment). The growth medium idrbgonics had a nutrient solution (EC
of 2.1 mS/cm and a pH of 5.7) of cations K9, C&" 3.9, Md" 1.6, NH," 0.6 and N40.4
(mM); anions N@ 11.0, SG* 2.9, PQ* 1.94, HCQ@ 0.4 and Cl0.3 (mM); and micro
nutrients Fe 24, Mn 12, B 9.8, Zn 4.4, Cu 0.7 ar@O\B (uM) and Si 0.02 (mM). The plants
were grown in a Randomized Complete Block DesigBGR) with three replications of
NaCl treated and two replications of control (wathly standard nutrient solution) to evaluate
the response of the genotypes to salinity strefier §rowing for two weeks in hydroponics,
the treatment (120mM of NaCl) was applied in twepst (Marcel van Culemborg, personal

communication).

The Plant height, Chlorophyll content, Chlorophffliorescence, shoot length (cm), root
length (cm), leaf area (&n shoot fresh weight (gm), root fresh weight (getjoot dry weight

and root dry weight (gm); were measured and thelaviptants of each genotype were
harvested. The plants were harvested and poolezt s their genotype and treatment they
received; then dried. These materials were useargan specific cation and anion content

(hereafter, AnCat) determination in the CxE popafat
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2.1.3 lon determination

Optimization

Prior to the actual ion determination, an optim@aexperiment was carried out to determine:
the dissolvability of the sample size, dilutionttacto be used, and to recalculate the retention
time of the cations and anions. Thus, a total fiedn genotypes from the NaCl treated
samples were selected because they had suffioreotira of sample for the actual analysis.
Three amounts (20, 25 and 30mg) of leaf, stem antlsamples of the selected genotypes
under two dilution factors (100X, 1000X) were tektA better dissolvability was observed in
sample size of 25mg leaf, 25mg stem and 20mg df Moreover, the retention time of the
cations and anions was recalculated from the ouiptite standards. As a result, retention
time of cations N%3.67, K*5.03, M¢*9.80, C&£* 12..23(min); and anions CK.90, PG>
11.3and SQ* 13.44(min), was stored in the MagIC Net™ software &used for the ion
content determination. All the samples were re-amg 1000X dilution was chosen because
of the consistency, reliability and less missinduea of the output. (For the detailed

procedure refer to sample preparation).

Sample preparation

The dried plant material of each genotype (poakplications) was separated in to leaf, stem
and root for organ specific ion content determiratusing lon Chromatography (hereafter,
IC). The plant material was grinded and the powsdas placed in plastic containers labeled
with the treatment, genotype name, and type ofrorgaden a sample size of 25mg of leaf,

25mg of stem and 20mg of root of each genotypeweaghed and put in a labeled glass tube.

The glass tubes containing samples were uncapped. tdmperature of the ash oven
(carbolite, type CWF 11/23) was set to min/max $28/C) temperature. Using special racks,
the samples were put in a known order &C28sh oven. After starting the ash oven reached
the maximum temperature of (579 after 45min; and the ashing process continuedtics.
After stopping of the ash oven it took 1hr to cdolwvn to the minimum temperature ¢23.

The glass tubes were relabeled. Afterwards, 1n8Mfformic acid (hereafter, CiD,) was
added to the samples shaken if®%or 15min and cooled down. Then the samples were
diluted with 9ml of miliQ, followed by vortexing. @ of each sample 100ul was taken in to
other labeled plastic tubes (designed for the @n diluted 100x using 9.9ml of miliQ and
mixed using vortex (hereafter, the samples aredahalytes). The analytes were ready for

ion content determination using IC. The use oféghromatography to explore ion relations at
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organ and cellular levels through determinatiostatic ion concentration is reviewed in Sun
et al., (2009).

2.1.4 lon content determination using IC

The IC equipment of Metrohmw{vw.metrohm.corji was used to determine the amount of

AnCat in the leaf, stem and root of the genotypgesingle organ of the whole population
from either control or salt treated condition wasa at a time. Therefore, there were six runs

i.e., three organs at two treatments.

The analytes of leaf, stem and root of the wholputettion grown under control and salinity

condition were prepared immediately before each hraddition to the 96 samples in each
run blank samples size of 10ml (1000X diluted 3mM,0,), as well as anion and cation

standard analytes (10ml) (in 1X dilution) were udgd. The blanks were prepared by taking
Iml of 3mM CHO; in too glass tubeand 9ml of miliQ was added in to it followed by

shaking for 15min. The blank sample was cooled damah 100ul was taken out of it in to the

plastic tubes (designed for IC) then diluted 100X.

Two types of anion and cation standards were ubedself made (hereafter, SM) and Flukas
(hereatfter, E). The anion SM and cation SM were prepared inBilogehemistry Laboratory
of Plant breeding, Wageningen UR in May 2009. Thra(lp), Br 10.05, CI10, F 10,
NO; 10, PQ* 10, SQ210.02 (mg kgf); and cation (E), C&* 10, Li* 10, Mcf* 10.01, K 10,
Na~ 10 (mg kgl) were obtained from FIul%naJyticaj a brand of SIGMA-ALDRICH.
Therefore, five anion SM (2, 4, 6, 8 and 10ppmje ftation SM (2, 4, 6, 8 and 10ppm), five
anion F (1, 3, 5, 7 and 9ppm), and five cation EL, 3, 5, 7 and 9ppnwere used for

determining the sensitivity of the IC during eagfedfic run, for all cations and anions

analyzed.

The analytes including the blanks and standarde pwkrced in thé58 professional sample
processor; by creating a working table on MagIC Netoftware. On the working table of the
software the method to be used (AnCat), type ofpd@nsample name, position on sanple
processor, number of samples to be injected (1) and amofistumple to be injected (20ul),
and dilution factors of the analytes were filledlagaved. Simultaneously, the whole devices
of the IC were initialized for standardization tavie an optimized isocratic eluent of 2mM
NaCOs; - NaHCQ and 3mM HNQ in the anion column881 compact IC pro 1, type -

10
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Metrosep A supp 4 250/4.0) and in the cation columi8&1 compact IC pro 2, type-Metrosep C
4 150/4.0) to detect the anions (CISQ* and PQ*) and cations (Na K*, C&*, Mg*)
respectively. Finally, the AnCat in the analyteaafch genotype, in the blank and in the
standards was determined using IC with an averagsitsvity of Na(75.2%), K(78.70%),
Mg?*(80.60%), C&(75.22%), CI94.48%), PG (103.13%), S& (82.24%). The
concentration (in ppm) was calculated within 19nior each, and the out put was

automatically saved in the database of the MaglC"\software.

2.1.5 Data handling and analysis
The concentration of AnCat of each analyte was gggdrom MagIlC Net™ software to an

excel file, and summarized. Thus, the recovery qigity of IC) percentage R, ) and
average recovery percentagR () of AnCat from SM and (Estandards; and average AnCat

concentration of bIanksB() (in ppm) were calculated. Concentration of theCAhfor each

genotype in mg/sample siz&, () and concentration of AnCat of each genotype irgnagn of

plant organ ;) was also calculated for the subsequent data sisgkppendix ).

The data was organized and subjected to statisticalysis using Genstan2" edition.
Frequency distribution was plotted to investigabe differences among genotypes, the
distribution of the population for a given ion cent and to locate the position of the parents
on the distribution. One way and Two-way ANOVA wersed to determine the significance
(P < 0.05) differences among the organs for theiCat content and to see if the organ
differences is dependent on the treatment receMedeover, the correlation analysis among
the ions, ion content with growth parameters mesasat harvest, and with growth parameters
in different days was done. These analyses werd tseestablish possible relationship
between the treatment, ion content, and growth mpeiers of the CxE diploid potato

population.

Experiment Il

2.2.1 Searching Candidate genes
Candidate genes important for salinity tolerancehlaaism in potato (SOS1, SOS2, SOS3,
HKT1 and NHX) were obtained from the online genetidatabase NCBI

(http://www.ncbi.nlm.nih.gov/geneaccessed on Nov, 2009). The mRNA, complete coding

sequence (CDS) of these genes were found fBolanum lycopersicum and Arabidopsis

11
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thaliana. The FASTA format of selected CDS were blastedT&@BR under the programme
BLASTN (http://blast.jcvi.org/euk-blast/plantta_blast)sgito find the existing ESTs
(expression sequence tags) of potato which caresept the homolog gene of interest. Plant

transcript assembly sequences (TA) of potato prioduisigh-scoring segment pairs with the
blasted CDS were displayed. The BLASTX and BLASTRrevused to avoid the sequences
(TA) that have weak protein similarities to the GI28d further screening was done based on
the percentage of sequence similarity. For furtbenfirmation, the selected (TA) were
blasted in NCBI, TBLASTX to search for its existena the translated nucleotide database.

Then the selected (TA) of the potato homolog geas used for qRT-PCR primer design.

2.2.2 Primer design and testing

Primers were designed (Table 13), using GeneStdrmaanually (ClustalX 2.0.12). The
length of the primer, the size of the amplicon, &@&@tent, melting temp, annealing temp were
taken in to consideration. Finally, primer pairpgosed to be unique to the genes of interest
were selected. The selected primer pairs were ir@atafrom the Biologio BV

(http://www.biolegio.conV.

Table 1.List of primers designed for unique amplificatioihcandidate genes for salinity tolerance of

potato
. Amplicon Annealing tem

Primer name Sequence sizg bp  Basic Tm | S?’:\It ad?usted
HKT1 (old)-F | 5' (GCCGGTTATGACGGCCACTG) 3' 275 58 35
HKT1(old)-R | 5 (CTGCACGAAGCCACACTCT) 3 275 53 48
EflaF* 5' (ATTGGAAACGGATATGCTCCA) 3' 101 50 45
EflaR* 5'(TCCTTACCTGAACGCCTGTCA) 3 101 54 49
SOS1-1F 5 (TCTGTGTTGCGGAAGTTTTGT) 3' 111 50 45
SOS1-1R 5 (TTTTCTGTTGGAGGGATTTGT) 3' 111 49 43
SOS1-2F 5' (CAAAACTTCCGCAACACAGA) 3 164 50 45
SOS1-2R 5" (TGCGATAATAGCGAAGACGA) 3' 164 50 45
SOS1-3F 5' (CACAGTCGGGGTTATCAAAA) 3' 224 50 45
S0OS1-3R 5' (TCGCCACCAGAATCATCAC) 3' 224 51 46
HKT1-F 5" (TATATGTCCTAGCCTTGGTG) 3' 104 50 45
HKT1-R 5' (AGAATTCTGCTCCGCTACTG) 3' 104 52 47

*House keeping gene (Nicet al., 2005),’base pairs

2.2.3 PCR and gRT-PCR reactions

RNA from the leaf, stem and root of the genotypes extracted and cDNA was synthesized.
The PCR mix contains (2 template, 2l buffer (10x), 0.3l of forward primer (1QM) and
0.3ul of reverse primer (1M), 0.8ul dNTPs (10mM), 0.08l Taq polymerase and 1444
miliQ). qRT-PCR with Biorad mix has been used doantification of expressed genes. The

concentration of DNA has been measured using sg@#uttometer and diluted in to 0.05ug/ul;

12
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and 380ul of miliQ water was added to 20ul of thietedd cDNA. Per reaction in duplo
22.5u1 iIQ™ SYBR green supermix (Biorad), 4.5ul @fvard primer (3uM), 4.5ul of reverse
primer (3uM) and 4.5ul of miliQ was added to prep#re Biorad mix. The primer master
mix was prepared from 36l per duplo and 9ul ofa8e diluted cDNA. Finally, per reaction
20ul of the mastermix was used. The cycling coadgiof the gRT-PCR were; 95 for 3min,
40cycles of 98C for 15sec and 6Q for 1min, and 6% for 1min.

2.2.4 Optimization trial

For this experiment the primers were designed basedtie homolog gene ESTSs region (TA)
which is specific even to the homolog gene copimwever, for the successful reactions in
the actual amplification, and expression analysibi® potato homolog genes using gRT-PCR;
the primers were tested for their uniqueness, motkength and optimum working PCR
conditions. Hence, the selected primer pairs westet at different PCR-program (40 cycles
were used), 1.5% gel electrophoresis at 70MPV nmapeed. On the gelbof PCR product
was loaded with @ of the loading buffer. The gel picture was analyxisually in reference
to the 1000kb ladder to determine the size of @GR product.

13



Laboratory Plant Breeding and Genetics

3. Results

3.1 Frequency distribution of the genotypes

The number of genotypes in an interval of the raofjdata value and the position of the
parents (C & E) in the frequency distribution i®gEnted. The distribution of a specific ion
across treatments show a change in the range oésjathape of the frequency distribution,
and exchange in the position of the parents. Ma@eahe frequency distribution of the ions

with in the same growing condition showed variapi{Figure 2a and 2b).

Under control condition, parent ‘C’ has lower comtation of N&, Mg?*, C&*, CI content,
and Na/K ratioand higher K, PQ*>, and SG content than parent ‘E’. Where as, under
salinity condition except for Gaparent ‘C’ has higher ion content than parent 18 both
treatments the parents are mostly laid on a rahgalae with higher number of genotypes.
However, the parents are located in different gsoofpdata value except for the F@inder
salt treated condition. Most of the distributiorteow a unimodal nature that tends to be

normal distribution although there are some skeghistlibutions, to the right (Fig 2a and 2b).
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Figure 2a. Frequency distribution of AnCat content in CxE plagpion grown under
control condition; values are the mean (mg/g) of ion content in_thaf, stem
and root.
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3.2 Effect of salinity stress on AnCat content ofite genotypes

3.2.1 Effects of salinity on Cation content of theopulation

Root Stem, and Leaf

The result in table 2, shows a significant (P<0)O@ieraction effect of organ and
treatment on NaK*, Mg**, C&" content, and Na/Katioin the genotypes. There is a
significant (P<0.001) treatment effect on the"N&', Mg?*, C&* content, and Na/K
ratio of the stem and root. However, the NaCl treatt effect on the leaf M§

content was not significant (P = 0.234).

According to the result in table 2, under NaCl tiegacondition the genotypes have
significantly (P<0.001) higher amount of Nim their root, stem and leaf than under
control condition. The Kcontent in leaf and stem of the genotypes is Gagmitly
(P<0.001) decreased, whilst the I€ontent in the root is significantly (P<0.001)
increased due to salt treatmene salinity stress resulted in significant (P<Q)00
increment and decrement of Kigontent in stem and root respectively. Although the
C&”* content in the leaf and root is significantly redd (P<0.001), the Gacontent

of thestem is significantly enhanced by the NaCl treatm@&he addition of NaCl
significantly (P<0.001) increased the Na/K ratidhe leaf, stem and root (Table 2).

Under control condition, there is a significant amgeffect on N K*, Mg**, C&*
content and Na/Katio (P<0.001)Thus,significantly (P<0.001higher N&, Mg,
Cd* content, and Na/Kratio is observed in the root part, whilst it consa
significantly (P<0.001)Jower (31.03) K* concentration. The leaf NaMg?*, C&*
content, and Na/latio is significantly (P<0.001higher than in the stem. However,
significantly highest Kconteni{(62.64) isobserved in the stem (P<0.001Yable 2).

Under salt treated condition, organs show significkfferences (P<0.00Xpr their
Na', K*, Mg®* contentand Na/Kratio, and (P=0.014) fa€&"* content. The root has
significantly (P<0.001higher N&, Mg** content and Na/Katio but significantly
lower C&" content than leadnd stem. The stem has significantly (P<0.001) drigh
amount of N& K" and Md" than leaf. However, no significant difference iserved
between the Kcontained in stem and root; and between tH& @mtained in the leaf
and stem. The leaf has significantly highest Nedko than the stem (P<0.001).
(Table 2).
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Table 2. The effect of salinity stress on the aationtent of the CxE population and the differemag®ng the leaf, stem and root of the genotypethfar
mean ion content under specific growth condition.

A Control Salt treated One-way Two-way Relative
nCat Organ . Cv%
Mean (mg/g) Range Medr(mg/g) Range P-value ¥r P value tr X of in/decrease (%)
Na" leaf 5.18b 2.41-10.54 15.36a 5.84 - 36.98 <.001 210467 39.3
Stem 4.51a 1.76 - 7.95 16.87b 8.33-29.34 <.001 <.001 -293.426 24.9
Root 9.6¢ 4.55 -15.08 32.32c 20.38 - 48.36 <.001 -254.727 21.2
P value Of <.001 <.001
K* Leaf 40.53b 18.34 - 59.86 29.45a 16.03 - 44.42 k.00 25.1071 19.9

Stem 62.64c 34.15 - 88.58 45.17b 2.76 -72.51 0k.0 <.001 25.8986 24.8
Root 31.03a 11.63 - 48.25 44.53b 20.45 -70.1 O0Ok. -49.5142 23
P value Or <.001 <.001

Mg?* leaf 4.28b 0.004 - 8.04 4.51a 0.01-8.17 ns -2404. 31
Stem 2.06a 0.002 - 8.99 6.55b 2.85-11.48 <.001 <.001 -17917.2 44.9
Root 9.6¢ 0.004 - 18.63 7.23c 3.55 -15.42 <.001 -5711.81 344
P value Or <.001 <.001

ca** leaf 14.14b 8.41 - 22.22 11.88b 6.70-17.43 <.001 4.3895 18.3
Stem 8.48 a 0.006 - 17.64 11.53b 7.89 - 16.69 0k.0 <.001 -6041.85 35.1
Root 31.41c 6.61 - 72.96 10.43a 3.79 -25.72 0k.0 62.4052 47.2
P value Or <.001 0.014

Na/K leaf 0.13b 0.04 - 0.26 0.59b 0.16 - 1.82 <.001 01-854 70.1
Stem 0.076 a 0.03-0.18 0.38a 0.19-1.29 <.001 <.001 -421.179 58.4
Root 0.32c 0.16 - 0.54 0.77c 0.34 -1.79 <.001 -161.282 345
P value Or <.001 <.001

"Mean value of the cations: average cation contetiten94 genotypes and their parents (C and B)dir teaf, Stem and Root under control and saditée

condition.

*Treatment®Organ,*Treatment by organ interactioimon significant difference; values in the colunamicected by same letter are not significantly déffe
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Table 3. The effect of salinity stress on thearationtent of the CxE population and the differemem®ng the shoot and root of the genotypes far the
mean ion content under specific growth condition.

Control Salt treated One-way Two-way Relative
AnCat Organ . Cv%
Mear (mg/g) Range Medr(mg/g) Range P-value Ir P value tr X of  in/decrease (%)
Na’ Root 9.6 4,55 -15.08 32.32 20.38 - 48.36 <.001 0%x.0 21.2
Shoot 4.86 2.7-6.92 16.21 9.88 - 29.47 <.001 381 26.5
P value Ot <.001 <.001
K* Root 31.03 11.63 - 48.25 44,53 20.45 -70.1 <.001 <.001 23
Shoot 51.59 30.74 - 66.83 37.31 15.75 - 53.99 0k.0 25.7544 17.5
P value Or <.001 <.001
Mg2+ Root 9.6 0.004 - 18.63 7.23 3.55 -15.42 <.001 0x.0 34.4
Shoot 3.23 0.05-8.99 5.52 2.99 -8.19 <.001 6-2M 28.3
P value Or <.001 <.001
ca** Root 31.41 6.61 - 72.96 10.43 3.79 -25.72 <.001 .00k 47.2
Shoot 11.65 4.21-17.83 11.67 6.78 - 16.28 ns -10.3838 21.2
P value Or <.001 0.031
Na/K Root 0.32 0.16 - 0.54 0.77 0.34 -1.79 <.001 ns 34.5
Shoot 0.1 0.046 - 0.17 0.49 0.18-1.82 <.001 26824 62.8
P value Or <.001 <.001

'Mean value of the cations: average cation contetiten94 genotypes and their parents (C and Bjdir shoot and root under control and salt treated
condition. Shoot ion content is calculated asabverage of the ions contained in the leaf and stem.

*Treatmer, *Orgar, “Treatment byorgar interaction °non significant differenc; values in the column connected by same leteenat significantly differer
Root and Shoot: According to the result in table 3, except for tha/K ratio (P=0.136) there is a significant (P<@p@rgan and treatment
interaction effect on cation content of the shaud eoot. Significant (P<0.001) effects of NaCl traant on N4 K*, Mg®* contentand Na/K
ratio of shoot is observed; whilst the’Ceontent was not significantly affected (P = 0.96%.compared to the control, the shoot of genotypes
grown under NaCl treated condition has significaritigher amount of Na Mg* and Na/Kratio (P<0.001). However, the*Kontent is

significantly reduced (P<0.001) due to salt treatteExcept K under control and G under salinity condition, the root has signifidgnt
higher (P<0.001) cation content than the shootl@3b
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3.2.2 Effects of salinity on Anion content of the gpulation
Stem, root and |eaf

The two-way ANOVA in table 4, shows the anion conti leaf, stem and root is
significantly (P< 0.001; Cl SQ?%), and (P = 0.003; PP) affected by the organ and
treatment interaction. Thus, the C8Q? and PQ® content of stem and root is
significantly (P<0.001) increased by salinity treant. Except the P& (P=0.533);
the CI and SG* content of leaf is significantly enhanced by s#jirsitress.

The amount of C| in the leaf, stem and root of the genotypes hasndtically
increased due to the application of NaCl (P<0.00Ihe PQ* content of the stem
(P<0.001) and root (0.002) is also significantlyhamced by the NaCl treatment.
Although, there is significant (P<0.001) reductioh SQ in the leaf, the NaCl
treatment increased the $Ccontent of the stem and root (P<0.001) (Table 4).

Under both growing conditions, significantly (P<0Q1) higher accumulation of Cl
SO andPQ,> is observed in the root than in the leaf and steimder control
condition the leaf C] SQ% andPQ;> contenis significantly(P<0.001)higher than in
the stem. Where as, under salinity condition tla¢ ¢éentained significantlgP<0.001)
lowerCl than thestem (Table 4).
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Table 4. The effect of salinity stress on the amiontent of the CxE population and the differencmiag the leaf, stem and root of the genotypeshieir t

mean ion content under specific growth condition.

Control

Salt treated

One-way

Two-way

Relative

AnCat Organ Mear (mg/g) Range Medr(mg/g) Range P-value r P value tr X of  in/decrease (%) Cvo
CI Leaf 0.98b 0.54 - 2.02 39.95a 23.64 - 63.48 <.001 4294.46 29.3

Stem 0.47a 0-2.4 53.178b 35.87 - 70.53 <.001 <.001 6208 17.7
Root 1.65¢c 0-7.0 61.55¢c 35.42 -88.09 <.001 -6386.12 22.8
P value OF <.001 <.001

PO43' Leaf 20.08b 15.13 - 25.82 19.86b 12.18-2571 ns 0.297022 12.1
Stem 13.70a 0-19.42 15.12a 8.13-22.08 <.001 0.003 .321P 17.6
Root 21.26¢ 10.58 - 33.18 22.84c 15.96 -28.91 00D. -11.4008 15.9
P value Or <.001 <.001

SO42' Leaf 10.72b 7.17 - 14.97 7.76b 4.88 - 15.82 <.001 28.0939 17.6
Stem 5.76a 0.03-9.96 6.55a 2.64-10.01 <.001 <.001 0.986P 22.8
Root 19.35¢ 9.61 - 28.46 26.85c 18.94 -47.59 0x.0 -42.1069 19.9
P value Or <.001 <.001

'Mean value of the anions: average anion contettteo§4 genotypes and their parents (C and E) inlteaf, Stem and root under control and salt géatondition.
“Treatment®Organ,‘Treatment by organ interactioimon significant difference; values in the colunommected by same letter are not significantly déffi
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Table 5. The effect of salinity stress on the armontent of the CxE population and the differeac®ng the shoot and root of the genotypes for their
mean ion content under specific growth condition.

Control Salt treated One-way Two-way Relative
AnCat Organ . Cv%
Mean (mg/g) Range Medn(mg/g) Range P-value Tt p value tr X ot in/decrease (%)
cr Root 1.65 0-7.0 61.55 35.42 -88.09 <.001 <.001 -6386.12 22.8

Shoot 0.72 0.11-1.74 46.56 34.31-63.4 <.001 -7582.95 18.9
P value OF <.001 <.001

PO,* Root 21.26 10.58 - 33.18 22.84 15.96 -28.91 .00 ns -11.4008 15.9
Shoot 16.94 9.08 - 20.73 17.49 13.36 - 23.38 .06 -4.58885 11.8
P value Or <.001 <.001

SO~ Root 19.35 9.61 - 28.46 26.85 18.94 -47.59 <.001 <.001 -42.1069 19.9
Shoot 8.24 454 -11.47 7.15 4.68-12.44 <.001 10.493 16.7
P value Or <.001 <.001

'Mean value of the cations: average cation contetiten94 genotypes and their parents (C and B)eir shoot and root under control and salt treated
condition. Shoot ion content is calculated asaberage of the ions contained in the leaf and stem.

“Treatment’Organ,‘Treatment by organ interactioimon significant difference; values in the coluoamnected by same letter are not significantlyedéfft

Root and Shoot

Table 5 shows a significant (P<0.001) organ bytmeat interaction effect on CGind SG* content; but non-significant effect on PQP=0.077)
content. Except for the P¢Y content (P=0.065), the treatment showed signifi¢B0.001) effect on the Thnd SG* content of the shoot.
Therefore, exogenous application of NaCl signiftbaenhanced the concentration of (i<0.001), but significantly (P<0.001) reduced the

SO content of the shoot. Under both growing condgitime concentration of CISQ* andPQ,* in the root issignificantly (P<0.001) higher
than in the shoot (Table 5).
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3.3 Correlation analysis of the lons

Correlation coefficients (r) among the AnCat conterthe root, stem, leaf and shoot
of the potato diploid mapping population grown undentrol condition is shown in
table 6, 7, 8 and 9; and under salt treated camdifi presented in table 10, 11, 12 and
13. In case of association between the ions irséimee or different organs, ions with
the growth parameters at harvest, and ions witlwilirogparameters measured at

different days; a positive correlation is expected.

3.3.1 Control condition

Root

The accumulation of Gashowed moderately positive correlation with*Ne= 0.46)
and Md" (r = 0.57); but moderately negative correlatiorttmik” (r = -0.41) and
strongly negative correlation with FO(r = -0.73) (Table 6). The Eacontained in
the root has moderately positive correlation wita®’Cin the stem (r = 0.25)
(Appendix 2). The root G4 also showed moderately negative correlation with
chlorophyll fluorescence of lower leaves (r = -0.3d root length (r = -0.30)
(Appendix 10). The concentration of "Gh the rootshowed strongly positive
association with Na(r = 0.74) and Na/K ratio (r = 0.51) (Table 6). &vé as, the Na
content of root has moderately negative correlatidth PQ? (r = -0.35) (Table 6).

Table 6. Correlation analysis between ion contertihé root of the genotypes grown
under control condition

R'Ca RCI RK RMg RNa RNaK RRO RSO4

R Ca -

R Cl 0.17 -

R K -0.41 0.01 -

R Mg2 0.57 0.00 -0.11

R Na 0.46 0.74 -0.11 0.22

R Na/K 0.62 051 -066 0.19 0.78 -

R PO4 -0.73 -0.10 0.62 -0.35 -0.35 -0.63 =

R SO4 0.04 0.08 0.49 0.09 0.20 -0.16 0.24 -

TRoot, [C&" (Calcium), Cl (Chlorine), K (Potassium), Mg (Magnesium), Na
(Sodium), PG (Phosphate) and SO(Sulphate)]; the ion content is calculated in mofig
organ of the genotypes.

K* in the root has moderately positive correlatiorthwihe S@* (r = 0.49) and

strongly positive correlation with B® (r = 0.62) (Table 6). It also showed
moderately positive correlation with root fresh @i (r = 0.35) and root length (r =
0.47) (Appendix 10); moreover, with the stem lengibasured at day ‘0’ and day ‘7’
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after treatment (data not shown). The accumulatibPQ> in the root showed

moderately positive correlation with the root ldnt = 0.25) (Appendix 10).

Sem

The C&" showed moderately positive correlation with*Ne= 0.42) (Table 7). The
accumulation of C4 in the stem also has moderately positive assodiatiith the
C&”* content in the leaf (r = 0.42) (Appendix 4). The &@ntent of the stem showed
moderately negative correlation with Kigr = -0.26) (Table 7). Accumulation of Cl
in the stem also exhibited moderately positive @ssion with the Clcontained in
the leaf (r = 0.33) (Appendix 4).

The K’ contained in the stem showed moderately positisgocation with the
concentration of P§ (r = 0.34) and Sg (r = 0.28) (Table 7); and with the stem
length measured at day ‘0’ and day ‘7’ after treatindata not shown).

The PQ* in the stem has a strongly positive correlatiothwhe SG* (r = 0.69)
(Table 7). The stem P® showed moderately positive correlation with the,P®
the leaf (r = 0.37) (Appendix 4). The $Ocontained in the stem is strongly
associated with the SO content of the leaf (r = 0.50) (Appendix 4).

Table 7. Correlation analysis between ion conterthé stem of the genotypes
grown under control condition
SCa S ClI SK SMg SNa SNaK SPO4 SSO4

S Ca -

S Cl 0.15 -

SK -0.04 0.22 -

S Mg -0.05 -0.26 -0.05

S Na 0.42 -0.03 0.00 0.19

SNa/K | 0.35 -0.16 -0.57 0.20 | 0.81 =

S PO4 -0.03 -0.2C 0.34 0.24 0.16 -0.05 z
S S04 0.18 -0.0: 0.28 0.21 0.21 0.03 0.69
Stem, for the description of the ions refer to Eal

Leaf

The concentration of G&in the leaf has strongly positive correlation witly” (r =
0.50), and moderately positive association with,/P® = 0.33) and S& (r = 0.37)
(Table 8). The accumulation of €ain the leaf also showed moderately positive
relation with the C& content in the root (r = 0.25) (Appendix 3). €bntent in the
leaf has moderately positive correlation with thg”Mr = 0.27) and S§ (r = 0.32)
(Table 8). But, Clshowed moderately negative correlation with leabgr = -0.36),
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root fresh weight (r = - 0.35), root dry weightx(r0.28), shoot dry weight (r = -0.38),
shoot fresh weight (r = - 0.31) and chlorophyllditascence of lower leaves (r = -
0.33); whilst strongly negative correlation witkethoot length (r = -0.51) (Appendix
12).

The K concentration in the leaf of the genotypes showemterately positive
correlation with the P§Y (r = 0.25), but moderately negative correlatiothviilg®* (r

= -0.26), and Na (r = -0.28) (Table 8). The Kalso has moderately positive
correlation with the leaf area (r = 0.33), root ergight (r = 0.29), shoot fresh weight
(r = 0.41), shoot length (r = 0.44), and shoot @wejight (r = 0.35) of the genotypes
(Appendix 12).

Leaf M¢f* has moderately positive correlation with the,P@ = 0.31) and S& (r =
0.39) (Table 8). The Mg in the leaf also showed moderately positive catieh
with the Md"* contained in the root (r = 0.35) (Appendix 3). ®hiit showed
moderately positive correlation with the chlorophgdntent of the upper leaves (r =
0.32); the Md" in the leaf has moderately negative correlatioth wie leaf area (r = -
0.25), root length (r = -0.33) and shoot dry wei@ht -0.25) (Appendix 12).

The concentration of Nan the leaf showed moderately positive correlatidthn the
Na" concentration in the root (r = 0.29) (Appendix 8hd with the root length (r =
0.29) (Appendix 12). However, the leaf Naas moderately negative correlation with

the stem length measured at day ‘0’ and day “Erafeatment (data not shown).

Table 8. Correlation analysis between ion conterihé leaf of the genotypes
grown under control condition

L'Ca LClI LK LMg LNa LNa/K LPO4 LSO4

L Ca -
L Cl 0.12 -
LK 0.10 0.13

L Mg2 0.50 0.27 -0.26 =

L Na -0.10 -0.09 -0.28 -0.14| -

LNa/K | -0.12 -0.13 -0.69 0.01 | 0.85

LPO4 | 033 015 025 031 0.15 -0.03

LSO4 | 037 032 -0.05 039 0.00 -0.02 0.32
! eaf, for the description of the ions refer to Teabl

The PQ¥ in the leaf of the genotypes has moderately pesitorrelation with the
SO (r = 0.32) (Table 8); and with the chlorophyll cent of upper leaves (r = 0.39)
and stem length (r = 0.27) (Appendix 12).

24



Laboratory Plant Breeding and Genetics

Shoot

The C&" concentration in the shoot showed moderately pesiorrelation with the
SO (r = 0.40) in the shoot (Table 9), and with thé'Gaontained in the root (r =
0.29) (Appendix 5). The Nain the shoot has moderately positive relation wita
Na’ contained in the root (Appendix 5).

The K accumulation in the shoot showed moderately p@sitissociation with the
PO,> (r = 0.34). The M@ in the shoot was positively correlated with the;PQ =
0.29) and SG (r = 0.28). Moreover, the P® contained in the shoot is strongly

correlated with the S§£ concentration (Table 9).

Table 9. Correlation analysis between ion coniteitite shoot of the genotypes grown under control
condition

SH Ca ShCl ShK ShMg ShNa Sh Na/K Sh PO4 Sh SO4

Sh Ca -

Sh Cl 0.24 -

Sh K 0.01 0.09

Sh Mg2 0.18 0.04 -0.03

Sh Na 0.19 -0.07 -0.07 0.18 -

Sh Na/K 0.11 -0.08 -0.54 0.13 0.82 =

Sh PO4 0.17 -0.12 0.34 0.29 0.17 -0.04

Sh SO4 0.40 0.17 0.15 0.28 0.10 0.00 0.50 -

Shoot, for the description of the ions refer to [€ah

3.3.2 Salt treated condition

Root

The concentration of G&in the root has moderately negative correlatiothwhe Cl

(r = -0.39), K (r = -0.48) and Pg (r = -0.37); but it showed strongly positive
correlation with the Mg content (r = 0.56) (Table 10). The root’Céhas also
moderately negative correlation with the chloroplvgntent of lower leaves (r = -
0.26), chlorophyll fluorescence of lower leaves (10.29), leaf area (r = -0.36), root
fresh weight (r = -0.41), root length (r = -0.48)ot dry weight (r = -0.37), shoot fresh
weight (r = -0.37), shoot length (r = -0.48) andahdry weight (r = -0.38) (Appendix
13).

The CI contained in the root is strongly associated withK™ content (r = 0.65), and
moderately correlated with the N& = 0.44) (Table 10). The Ttontent of the root
has moderately positive correlation with the le&aar = 0.27), root length (r = 0.32),
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root dry weight (r = 0.46), shoot fresh weight (10:32) and shoot dry weight (r =
0.25); and it is strongly correlated with the réretsh weight (r = 0.56) (Appendix 13).

K* content of the root have moderately positive dssion with the PGQ® content (r =
0.25) (Table 10). The root’khas moderately positive correlation with the leafa (r
= 0.34), root fresh weight (r = 0.48), root len@t= 0.31), root dry weight (r = 0.40),
shoot fresh weight (r = 0.39), shoot length (r 35).and shoot dry weight (r = 0.38)
(Appendix 13).

The Md* accumulated in the root showed moderately negatation with the
chlorophyll fluorescence of lower leaves (r = -Q,3¢af area (r = -0.31), and root
length (r = -0.46) (Appendix 13).

The N4 in the root has moderately positive correlatiothwthe SQ* (r = 0.43)
(Table 10). The accumulation of Nin the root also showed moderately positive
correlation with the Nacontained in the stem (r = 0.40) (Appendix 6). l¢ver, the
Na" in the root did not show a strong correlation witie growth parameters

measured at harvest (Appendix 13).

Table 10. Correlation analysis between ion cornitettie root of the genotypes
grown under NaCl condition

R'Ca RCI RK RMg RNa RNa/K RPO4 RSO4

R Ca

R CI -0.39 | -

R K -0.48 0.65 -

R Mg 0.56 0.00 -0.07| -

R Na 0.04 044 -021 -0.21] -

R Na/K 0.42 -0.24| -0.81 -0.03 0.66

R PO4 -0.37 0.02 025 -0.18 -0.16 -0.29

R SO4 -0.01 0.14 020 -0.1 0.43 0.06 0.06, -
'Root, [C&" (Calcium), Cl (Chlorine), K (Potassium), Mg (Magnesium), Na
(Sodium), PG (Phosphate) and SO(Sulphate)]; the ion content is calculated in
mg/g of organ of the genotypes.

The Na/K ratio in the root showed moderately negatorrelation with the shoot
length (r = -0.33) and shoot dry weight (r = -0;2@nd it has poor negative
correlation with the chlorophyll content of uppeaves (r = -0.20), root fresh weight
(r = -0.24), root length (r = -0.20), root dry wktdr = -0.22), and shoot fresh weight
(r =-0.23) (Appendix 13).
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The root P@* showed moderately positive correlation with ttenrsiength (r = 0.36)
(Appendix 13). The S§ contained in the root has moderately positive edation
with the SQ* accumulated in the stem (r = 0.43) (Appendix 6).

Sem
The concentration of G&in the stem showed moderately positive correlatiith the
CI' (r = 0.48) (Table 11); and with the root dry wei@gh= 0.30) (Appendix 14).

The CI of stem has moderately positive correlation wite K" (r = 0.45) and Na(r

= 0.39) (Table 11). The stem"@lso showed moderately positive correlation wiid t
CI" in the leaf (r = 0.35) (Appendix 8), and with rdogsh weight (r = 0.26) and root
dry weight (r = 0.27) (Appendix 14).

The K" accumulated in the stem showed moderately positiveelation with the K

in the leaf (r = 0.31) (Appendix 8). 'Kin the stem also has moderately positive
correlation with the leaf area (r = 0.32), rootdén(r = 0.26), shoot fresh weight (r =
0.26), and shoot length (r = 0.45) (Appendix 14)e K content of the stem showed
moderately positive correlation with chlorophylintent of lower and upper leaves as

well as with chlorophyll fluorescence at day ‘1dafa not shown).

The stem M§" has moderately positive correlation with the,PQ = 0.31) (Table
11); and with the Mg in the leaf (r = 0.27) (Appendix 8). However, tg?* in the
stem has moderately negative correlation with thierophyll content of the lower
leaves (r = -0.25) (Appendix 14).

The Nd content in the stem is positively correlated wilie SQ* (r = 0.48) (Table
11). Accumulation of Nain the stem showed poor negative correlation ik
chlorophyll content of lower leaf (r = -0.20) angt®m length (r = -0.22) (Appendix
14). The stem Naalso has moderately negative correlation witloiphyll content

of lower leaves at day ‘14’ (data not shown).

N/K ratio in the stem showed moderately negativeetation with the chlorophyll
content of lower leaves (r = -0.28), chlorophylidtescence of upper leaves (r = -
0.32), leaf area (r = -0.31), root fresh weight (0.25), root length (r = -0.33), shoot
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fresh weight ( r = -0.27), shoot dry weight (r =29); and strongly negative relation
with the stem length (r = -0.51) (Appendix 14).

The PQ* in the stem has moderately positive correlatiothwhie SQ* (r = 0.43)
(Table 11). The stem RO also showed moderately positive correlation wiile t
PO, in the leaf (r = 0.33) (Appendix 8). The $0in thestem showed moderately
negative relation with the chlorophyll content oivier leaves (r = -0.33), chlorophyll
content of upper leaves (r = -0.27), shoot fresighte(r = -0.25), shoot length (r = -
0.38), and shoot dry weight (r = -0.27) (Append¥.1

Table 11. Correlation analysis between ion contettie stem of the genotypes
grown under NaCl condition

SCa SCl SK SMg SNa SNaK SPO4 S S04

S Ca -
S Cl 0.48
SK 0.11 0.45

S Mg2 0.08 0.10 -0.21 -

S Na 0.08 039 002 -0.12; -

SNa/K | -0.10 -0.14 -0.72 0.06 @ 0.57

S PO4 0.05 0.07 0.1¢ 0.31 0.13 0.00

S SO4 0.06 0.17 0.03 0.2 048 0.28 0.43

Stem, for the description of the ions refer to EahD.

Leaf

The concentration of Ghin the leaf is strongly correlated with the @l= 0.59) and
Mg®* (r = 0.65); it has also moderately positive catieh with the PG’ (r = 0.48)
and K (r = 0.27) (Table 12). The &ahas moderately positive correlation with the
growth parameters such as the chlorophyll fluoneseeof lower leaves, leaf area,
root length, shoot fresh weight, and shoot dry Wweigand strongly positive
correlation with the root dry weight (r = 0.53)danroot fresh weight (r = 0.55),
(Appendix 15).

The CI has moderately positive correlation with thé (¢ = 0.36), Mg* (r =0.33),
Na" (r = 0.47) and P§ (r = 39) (Table 12). The Cin the leaf showed moderately
positive correlation with the root fresh weight(0.38) and root dry weight (r = 0.37)
(Appendix 15).

The K’ contained in the leaf showed moderately negatirectation with N& (r = -
0.46) (Table 12). But, leaf Khas moderately positive correlation with the risesh
weight (r = 0.33), root dry weight (r = 0.31), shdeesh weight (r = 0.40), and shoot
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dry weight (r = 0.36); and strongly positive coatén with leaf area (r = 0.50)
(Appendix 15). The Kin the leaf also showed moderately positive cati@h with
chlorophyll content of lower leaves at day ‘14’ {@aot shown).

The concentration of Mg in the leaf has moderately positive correlatiorthvthe
PO,> (r = 0.43) (Table 12); and with the root fresh giei(r = 0.30), root length (r =
0.29) and root dry weight (r = 0.28) (Appendix 15).

The accumulation of Nain the leaf showed moderately positive correlatidgth the
SO% (r = 0.27) (Table 12). But it has moderately nagatcorrelation with the
chlorophyll content of lower leaves (r = -0.36)]arbphyll content of upper leaves (r
= -0.26), leaf area (r = -0.36), root length (r0=27), shoot fresh weight (r = -0.34),
shoot length (r = -0.42), and shoot dry weight ¢(0:35) (Appendix 15).

Table 12. Correlation analysis between ion contettte leaf of the genotypes
grown under NaCl condition

LCa LCI LK LMg LNa LNaK LP0O4 LSO4

L Ca -
L ClI 0.59 =
LK 0.27 0.36

LMg2 | 0.65 0.33 0.15 -

L Na 0.03 0.47 -0.46 -0.06

L Na/K | -0.11 0.14| -0.75 -0.11 | 0.89 -

LPO4 | 048 0.39 0.15 043 0.19 0.03 -
LSO4 | 0.08 0.02 -0.09 -0.0 0.27 0.27 0.15
! eaf, for the description of the ions refer to TeahD.

Na/K ratio in the stem has moderately negative etation with the chlorophyll
content in lower leaves (r = -0.26), leaf area (049), root fresh weight (r = -0.26),
root length (r = -0.27), root dry weight (r = -0)28hoot fresh weight (r = -0.42),
shoot length (r = -0.39), and shoot dry weight (0=0) (Appendix 15). The S®in
the leaf showed moderately positive correlatiorhwlite S@* contained in the root (r
= 0.33) (Appendix 7).

Shoot

The C&" in the shoot has moderately positive relation wita Md¢* (r = 0.32), and
PO, (r = 0.28); it has also strongly positive corriglatwith the CI (r = 0.60) (Table
13). However, the shoot €ashowed moderately negative correlation with thé' Ga
the root (r = -0.28) (Appendix 9).
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The CI showed moderately positive correlation with the (K= 0.28) and Na(r =
0.42). The K and N4 content in the shoot of the genotypes has modgna¢gative
correlation (r = -0.35). The Mg concentration in the shoot is positively correfate
with the PQ? (r = 0.35); and the shoot Nhas moderately positive correlation with
SO (r = 0.31) (Table 13). The S©in the shoot has moderately positive correlation
with the SQ? in the root (r = 0.40) (Appendix 9).

Table 13. Correlation analysis between ion contettie shoot of the genotypes grown
under NaCl condition.

ShCa ShClI ShK ShMg ShNa ShNa/K ShP0O4 ShSO

Sh Ca -
Sh Cl 0.60 -
Sh K 0.22 0.28

Sh Mg 0.32 0.19 -0.12 -

Sh Na 0.02 042 -0.35 0.00 -

Sh Na/K| -0.15 0.10 -0.70 0.06 | 0.84 =

ShPO4 | 028 021 0.09 035 0.19 0.09

Sh SO4 0.09 0.13 -0.02 0.1¢ 0.41 0.31 0.24
'Shoot, for the description of the ions refer to [€atD.

3.4 Expression analysis of genes

At the beginning the cDNA of three genotypes (2880 and 777) were used to test
the functioning of the primer pairs (SOS1-1, SO$$5QS1-3, HKT1-new and KL
Although two PCR programs were used no PCR produetge observed (data not
shown). Using new PCR reagents the primer pairsS@sSQ SOS1-2, SOS1-3, HKT1-
new, Eflr) were tested using cDNA of genotype 200, 250 afi] @and the parents (C
and E). Two PCR programs that differ in the duratd annealing temperature (1min
and 30sec) were used; and the PCR program withc3fisee a result to make further
optimization on SOS1-1, SOS1-2 and SOS1-3 and.Ei&nce, the DNA and cDNA
of the genotype-200, parent C, and parent E wad uséer two PCR programs
(annealing temperature, %D and 58C) both having the duration of 30 sec. Primer
pairs SOS1-2 and SOS1-3 gave a band of expectedusiter both PCR programs
while the other primer pairs failed. As a resuig PCR cycle with $€ (30sec), 5%
(30sec) and 7Z (45sec) was selected because it showed stroagdribtensity than
50°C (30sec).

To test the primer pairs SOS1-2 and SOS1-3, siotgpas with highest Nacontent
and six genotypes that have lowest Nantent were selected. The cDNA of these
genotypes from the plants under salinity and céordomdition was tested using the
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previously selected PCR cycle i.e.’6330sec). Although further test on the HKT1
new and old primer pairs were also carried outh& stage, it could not show a
product. Hence, the SOS1-2 and SOS1-3 primer paere further tested using the
other PCR program of 80 (30sec). After a repeated test, the use of the Byle

with 53°C (30sec) was reaffirmed to be used for furtheraéthese primer pairs.

After repeated test, the SOS1-2, SOS1-3 and Efing 94C (30sec), 5% (30sec)
and 72C (45sec); stronger bands were obtained (Appené)x Burther testing of
these primers was carried out using cDNA of sixofgmes from each growing
condition; and DNA of another twelve genotypes udahg parent C and parent E.
These genotypes were selected based on theirveelaigher or lower Na/K ratio.
This trial gave stronger bands and was repeatethégk its reproducibility. As a
result, the primer pair SOS1-2 has shown a proniubbth of the parents (C and E)
DNA, but the SOS1-3 has given a product for onlgepa‘'C’ DNA (Appendix 17).
Thus, SOS1-3 has been used to find markers in xliepOpulation (Figure 3).
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Figure 3. The Markers identified in genotypes @& €XE population using the SOS1-3 primer pair. For
the genotype number of each lane refer to Appeb8ix

SOS1-2 primer was chosen to carry out expressiatysis of SOS1 gene; and was
further tested to optimize the PCR program to kedusr the final gRT-PCR. Thus,
using 94C (30sec), 5% (30sec) and 72X (45sec) PCR; the same result as the

previous 53C (30sec) was obtained but with stronger band sgitgidata not shown).
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Before, the use of the primer SOS1-2, another opéition was recommended using
the gRT PCR. Therefore, four genotypes (196, 667,d&hd 723) have been selected
and the test was carried out on SOS1-2 and Hflng the cDNA, RNA and DNA of
the genotypes. However, there was strong primemdimas detected from the double
peak of melting temperatures. When the qRT-PCR ymisd were run in gel-
electrophoresis the primer dimmers gave as stramgl flas the products. Moreover,
there was a product from the RNA of the genotypesguboth the SOS1-2 and kfl
(data not shown). To carry out further test, cDNAhe four genotypes has been used
at different primer concentrations (10, 5, 3, 2arid 0.,M). The result for these

primer combinations was also showed strong prinmanger (data not shown).
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4. Discussion

The frequency distribution of CXE population showt variability among the
genotypes regarding their ion contents (Figure 2d BRigure 2b). Since a single
measurement was done for each sample, statisésalof genotypic effect on ion
content was not carried out. However, the samplese wooled (3 plants of NacCl
treatment and 2 plants of the control) for ion emmtdetermination. Thus, there may
be higher probability to rule out the environmergékct on differences among the
genotypes. As a result, the existing difference ragnihe genotypes regarding their
ion content might be attributed to the geneticatgsh with in the population. Munns
and Tester, (2008) also reviewed that there isn@tgevariation for ion content with
in many plant species. Similarly, the existencgaietic variation is reported with in
tomato population (Lapushnet al., 1973), sweet potato genotypes (Geozgal.,
2002), alphalpha cultivars (Silwet al., 2005) and rice (Roychoudhuey al., 2008).
This genetic variation is due to the differenceshefgenes for controlling salt uptake,
transport and osmotic regulation (Munns, 2005).cdkding to the result in Figure 2a
and 2b; the variability among the genotypes shoiffsrdnce across the treatment.
This variability difference can be observed frore tthanges in the range of values,
shape of frequency distribution, and from the pasiof the parents across treatments.
This can be explained by the environmental sersitof plant salinity tolerance
(Koyamaet al., 2001; Bartels and Sunkar, 2005; Munns and T,e230638).

The result of this experiment indicated that, thera significant treatment and organ
interaction effect on most of the ions containedthe root, stem and leaf of the
genotypes. Thus, the concentration of AnCat inedgfiit organs of the plant showed
variability. Moreover, the ion content of the geypms in their root, stem and leaf was
influenced by the application of NaCl into the gtbwnedium (Table 2 and 4). The
effects of NaCl application into the growth mediom the ion content, plant growth
and their relations is reported in different plagigartin and Koebner, 1995; Khagh
al., 1999; Kharet al., 2001; Karimiet al., 2005; Tarakcioglu and Inal, 2002).

In this experiment the addition of NaCl has sigpfitly increased the NgTable 2)
and CI (Table 4) content in the root, stem and leaf. Expental evidences also
indicated that there is increment of both"ad Cl due to NaCl treatment (Gadallah,
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1999; Ferreirat al., 2001; Kharet al., 2001; Parida and Das, 2005; Roychoudfstiry
al., 2008; Karimiet al., 2005). This increment of Naand Cl is due to higher
availability of the N& and Cl on the growth medium, that create large
electrochemical gradient for passive entry of thess in to the plants (Suet al.,
2009; Blumwaldet al., 2004; and Flowers and Flowers 2005). In the esurr
experiment, Naand Cl under salinity condition showed moderately positiv
relationship in the root, stem and leaf of the ggpes (Table 10, 11 and 12).
Similarly, Martin and Koebner (1995) described #ymergistic interaction between
Na" and CI to cause salt toxicity on wheat. Both of thesesi@man also disrupt
functioning of ion channels to facilitate their gnin to plant cells (Chinnusamy and
Zhu, 2003; Bartels and Sunkar, 2005; Sairael., 2009). Under both control and
salinity condition of this experiment there is sfgrantly higher accumulation of Cl
in the root than leaf and stem. The leaf has higherlower Clcontent than the stem
under control and salinity condition respectivelyalfle 4). This result followed the
same trend for the Nacontent in these organs under both growing camukiti(table
2). Hence, the similarity of this trend might alstengthen the evidence for the
existence of association in the accumulation of &z Cl ions in different parts of

the plant.

In our experiment, despite of the significant imaea:t of Cl under salinity condition
in the root (6386%), stem (40367%) and leaf (4294)5(Table 4); it did not show
negative correlation with the growth parameters suead at harvest (Appendix 13,
14 and 15). However, under salinity stress the tegeaeffects of Cl on plant
physiological and morphological components wereorepl (Khanet al.,, 2001;
Martin and Koebner, 1995; Roychoudhuwtyal., 2008). Under salinity condition, the
CI" has moderately positive correlation with th& iK the root, stem and leaf (Table
10, 11 and 12)This correlation with K might have masked the negative effects of Cl
on the growth parameters under salinity conditigvternatively, there is a
concentration level of Clbeyond which it will become toxic (Munns and Teste
2008). The Clenters in to cytosol through the /&l" symporters (Suset al., 2009).
So that, the genes that encode the protein chafoelSI entry might have been
downregulated in the CxE population. Thus, largepprtion of Cl is held on the
apoplast where it is less toxic (Blumwaddal., 2004; Munns, 2005). However, under

control condition the Clin the leaf showed moderately negative correlatiothn
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some of the growth parameters (Appendix 12). Thighinhave been due to lack of
CI' to the extent it can help the plant's physiologictacesses.

Although under control condition the root has higNa" content followed by the leaf;
under salt treated condition, the root has sigaifity higher Na followed by the stem
(Table 2). This result is not in agreement withréeaet al., (2001) who reported the
highest N& content in the leaves than in the root of GuaRsidium guajava L.)
grown under salinity stress. However, the resuit tfee salinity condition of this
experiment is in agreement with Munns and Test®0&?, who described the
tendency of Natobe held in the woody roots and stems. Under sglaondition of
this experiment, the lower accumulation of Niathe leaf but higher accumulation in
the root may be due to the export of Neom the leaf back to the root through the
phloem (Munns, 2005; Munns and Tester, 2008).

Higher accumulation of Nain the leaf reflected the detrimental effects alirsty
stress on aromatic rice (Roychoudhury, 2008). Hawrethere is relatively lower
accumulation of Nain the leaf under salinity condition of the currexperiment
(Table 2). This might indicate the existence of @daon mechanism by the CxE
genotypes to the salinity stress through limitirgl Noncentration in the leaf. But, the
leaf Na content under salinity condition showed moderategative correlation with
the chlorophyll content of lower leaves, chloroplegntent of upper leaves, leaf area,
root length, shoot fresh weight, shoot length, ahdot dry weight (Appendix 15).
This is similar to the description of Munns and f€es(2008), that is smaller
proportion of N& that reach the leaf can show ionic toxicity. Thegeneration of
chlorophyll, inhibition of shoot and root lengthrice due to higher foliar Nds also
reported by Roychoudhumt al., (2008). Therefore, in this experiment the inceam
of Na' in the leaf due to the NaCl treatment might haserbto the extent it can show
up the impacts of ionic toxicity. The higher accuation of N& in plants is
detrimental to physiological and morphological @weristics (Chinnusamy and Zhu,
2003; Bartels and Sunkar, 2005; Munns, 2005; Tu§a@7; and Munns and Tester,
2008). Under salinity condition the Naontent in the root and stem showed poor
correlation with the growth parameters measuredaatest (Appendix 13 and 14).
This might indicate the increasing of negative etation between Naand the growth
parameters from the root to the leaf (Appendix1Band 15).
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The NaCl treatment increased the'Nad K in the root (Table 2). The Nan the
root did not have negative correlation with thevgto parameters (Appendix 13).
Inhibition of Na" influx, Na" compartmentation via tonoplast Md" antiporters, and
extrusion of Na through plasma membrane Wd" antiporters are very important
mechanisms for salinity tolerance (Senal., 2009; Apse and Blumwald, 2002).
Exclusion of excess Nantry by roots is the first line of defense depldyy plants
(Roychoudhuryet al., 2008), if this failed the Naconcentration in the leaf will grow
to a toxic level (Munns, 2005). Therefore, in thigeriment the significant increment
of Na" after NaCl treatment in root, and showing negativeelation with the growth
parameters when reaching the leaf of the genotypegist indicate the poor efficiency
of Na" exclusion. However, the increasing of kKogether with the Nain the root
might be due to capability of the genotypes to kisepNd in the root below the toxic
level. This may be achieved through compartmeritaiof N& in to vacuole and
efflux of Na out of the cytosol in to the apoplast. Thédoncentration can increase
up to non toxic level to keep the electrochemicabgent across the tonoplast (Munns
and Tester, 2008).

In this experiment there is significant reductidnkd in leaf (25%) and stem (26%)
(Table 2). Similarly, the reduction of 'Kcontent after NaCl treatment is reported in
different plants (Ferreirat al., 2001; Tarakcioglu and Inal, 2002; Parida and;Das
2005). Although the increasing of Ni the stem under salinity condition might not
be a reason for the'Keduction in the stem (r = 0.02) (Table 11); tiaf INd showed
negative correlation (r = -0.46) with th€ Kontained in the leaf (Table 12). There is
entry of Nd through K channels and nonselective cation channels (Baaets
Sunkar, 2005; Sumet al., 2009). Therefore, the interference of the Ma the K
acquisition pathway of the CxE genotypes in thigegdnent might be well exhibited
at the leaf. The reduced Kn the stem and leaf under salinity condition pasitive
relationship with some of the growth parametersp@ix 14 and 15Hence, this
reduction might have been to the extent that chatiasome of the growth parameters.

The K contained in the root under salt treated conditi@s moderately positive
correlation with the leaf area, root fresh weigloipt length, root dry weight, shoot
fresh weight, shoot length and shoot dry weightg@mdix 13). The importance of K
for plant metabolism and growth has been reportetahajanet al., (2008); that is
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why, plants under salinity stress maintains higkérand lower N& concentrations
(Parida and Das, 2005). In this experiment the Na#io in the root, stem and leaf
has significantly increased (Table 2); and showextlerately negative correlation
with most of the growth parameters under salinggdition (Appendix 13, 14 and 15).
Similar results were reported oticia faba (Gadallah, 1999) and lettuceLatuca
sativa L.) (Tarakcioglu and Inal, 2002). Therefore, pits of the salinity tolerance
mechanisms used by the CxE population these idraoges and their relation with
the growth parameters might be indicating the eris® of salinity stress. This might
be attributed to poor salinity tolerance stratefjthe CxE genotypes or the treatment

(120mM of NaCl) might have been too intense forgbaotypes.

According to the result in table 2, due to salatmeent significant reduction of &a
content in the leaf (14.3695%) and root (62.4052ffc}jhe genotypes is observed;
while the C4" in stem is significantly increased (6041.9%). Huere the application
of NaCl reduced the Ghcontent in stem and leaf whilst it was stabletia toot
(Ferreiraet al., 2001). Increasing of NaCl and Ca@hs enhanced the €a&ontent of
Vicia faba (Gadallah, 1999). Application of NaCl also incresighe cytosolic Ga
(Munns and Tester, 2008; Bartels and Sunkar, 2003his experiment, the reduced
Cd" in the root and leaf is accompanied by the negatorrelation between Navith
K* (r = -0.21, root and r = -0.46, leaf) (Table 1@ dr). But the increased of €an
the stem is where there is poorest correlation éetwthe Naand K (r = 0.02)
(Table 11). Moreover, increased <an the stem showed moderately positive
correlation with the root dry weight (r = 0.30) aleaf area (r = 0.22) (Appendix 14).
Accordingly, the significant importance of €ain the SOS pathway for ion
homeostasis is described by several authors (Yetkali., 2002; Bartels and Sunkar,
2005; Tuteja, 2007; Mahajaat al., 2008; and Munns and Tester, 2008). 8ual.,
(2009) also reported the importance of Ca reducing the Kefflux due to severe

salinity.

In this experiment the application of NaCl increhske Md* content in the stem
(17917%), and reduced in the root (5711.8%); batN* (2404%) in the leaf was
stable after the treatment (Table Blowever, the result of Ferreirt al., (2001)

showed that the Mg levels in stems and roots were not affected binisalbut
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decreased in the leaves of Guawsidium guajava L.). Application of NaCl has
reduced the Mg contents oochia prostrate (Karimi et al., 2005).

Under both control and salinity conditions the rbas significantly higher S& and
PO,> concentration followed by the leaf (Table 4). Alttyh NaCl treatment has
significantly increased P® concentration in the stem and root; the ;PO
concentration in the leaf was not significantly mped (Table 4). The result of
Tarakcioglu and Inal, (2002) showed increased,’P@oncentration in lettuce
(Lactuca sativa L.) due to salinity stress. Under salinity cormfitiPQ> in the root
showed moderately positive correlation with the athéength (Appendix 13).
Schachtmaret al., (1998) also described the importance ofPi@ promoting plant
growth and development. The increase of,P® the root and stem after salinity
treatment might indicate the use of £or the activity of N&H" antiporters; since,
the increased Nain these organs failed to show negative corratatigth growth

parameters measured at harvest.

In this experiment the NaCl treatment has signifilyaincreased the concentration of
SO in the root and leaf, but significantly reduced #tem SG content (Table 4).
Under salinity condition the stem $Cshowed moderately negative relation with the
chlorophyll content of lower and upper leaves, sHoesh weight, shoot length, and
shoot dry weight (Appendix 14). Maruyama-Nakastlatal., (2004) described that
SO is required for the synthesis of sulfur-containamino acids in plants; thus,
lack of SQ* can limit plant growth and development. In thigeriment, under
salinity condition the Sg” and N& showed moderately positive relationship in the
root (r = 0.43), stem (r = 0.48) and leaf (r = 0Q.Zbable 10, 11 and 12). Under
salinity condition there is highest $Oconcentration in the root (Table 4), where the
Na' did not show negative correlation with growth paeders. Where as, in the leaf
the SQ* and N& showed weak correlation than in the root. Theseetations might
be indicating the importance of $dn maintainingunctioningof the ionic channels
for ion homeostasis in CxE population.

The differentially expressed genes of a plant gpoase to the NaCl treatment are the
genes encoding proteins for ion homeostasis manta) metabolism, regulation of
other genes, or for signal transduction (Sahu drah$2009). The genetic studies on

potato in response to stressful conditions havetdethe identification of a large
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number of stress regulated expression of genesnfLetoal., 1999). However, the
current experiment did not bring a result to beduas a genetic evidence about the
function of the ion transporters in salinity toleca of CxE diploid potato mapping
population. This might be due to the poor primesigie or the different PCR
conditions used for optimization were not ideal foe primer pairs to amplify the
gene of interest. Even the primers with the optediZCR condition (SOS1-2 and
Efla primer pairs) failed to work at the gRT-PCR beeatls®ey were giving strong
bands due to the primer dimmer. After qRT-PCR, glextrophoresis gel showed a
product for the RNA which indicates the possipilitf contamination of the RNA
with DNA. Moreover, there was larger product sizeew DNA was amplified using
the SOS1-2 primer; where as, the SOS1-3 enablgd/¢oa product only on DNA of
parent C (Appendix 17). The larger size obtainedgu$0OS1-2 may be due to the
existence of intron in the amplified region; and @B might have been allele
specific which might be due to the sequence diffees between parent C and E

caused by SNP, deletions or insertions in the Spggne amplified.
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5. Conclusion

There is treatment dependent variability amonggéeotypes of CXE population in
terms of their ion content. The application of NacCko the growth medium caused
significant changes of different magnitude in di#iet ions and organs. The root, stem

and leaf of the genotypes have different ion cante@der specific growing condition.

The ionic changes due to salinity tolerance altdhedinterrelationship among the
ions. The correlation value between same ionsftérént organs is dependent on the
type of ion and the organ. Moreover, the ions doeth in different organs have
different correlation value with a specific growdhrameter. The application of NaCl
in to the growth medium increased Nand Cl content, and Na/K ratio in the organs
of genotypes. The salinity stress reduced thecéhtent in the leaf and stem of the
genotypes. Expression analysis of genes for iongostasis is imperative to critically
evaluate the genetics of salinity tolerance medmsi organized by the CxE

genotypes.
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6. Recommendation

- Doing salinity tolerance experiment on the CxE papon at different salinity
stress levels could be more informative throughestigating the trends of ion
content, growth parameters and gene expressidre aifferent levels of stress.

- Salinity tolerance in plants is intermingling witlbther stress tolerance
mechanisms. Hence, it is very important to grow@x& genotypes under salinity
condition at different environmental componentshsas the temperature and

humidity.

- Morphological, physiological and genetic data cdlel at different stages of
plant development may provide concrete evidencetaltve response of the CxE

genotypes to salinity stress.

- For the expression analysis of the genes in the g&xibtypes, it would have been
important to measure the concentration of the iexystDNA so as confirming the
quality of the material. Moreover, development tifey primer pairs (based on the
cDNA and DNA sequences) and carrying out optimarattf PCR and gRT-PCR

conditions could help to get reliable genetic infation.
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Appendices

Appendix 1: Formulas used for ion content determination (mg/g)
| = specific cation or anion

] = Genotypes
R, =(V j 100 R, (recovery of each cations and aniong)(concentration in
P;

ppm obtained from IC )p, (the ppm of AnCat in the standards).

R :Z(%) 'R (average recovery percentage of AnCQ{b,(the number of

standards used).

Y, =((X -b; )/ﬁi *100)/d ; Y, (concentration of AnCat, in mg/sample size used)
X, (concentration of AnCat in ppm, determined byt bi (average of AnCat

from the blank analytes in ppm obtained from Ig)(dilution factor used i.e.,
1000X).

G = (% ,j* 1000; G, (Amount of AnCAt in mg /gram of plant organy ; (the
J

(amount of sample ashed for each genotyj@)0 (conversion factor of
milligram to gram).
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Appendix 2. Correlation analysis between ion content in tbet and stem of the genotypes grown under contnadlition.

R R R R R R S S S S S S S
lons RCa RCI R K RMg RNa Na/Ca Na/Cl Na/K Na/Mg PO4 SO4 gCa Scl SK Mg2 SNa Na/Ca Na/Cl Na/K Na/Mg PO4 S04
R Ca -

R Cl 017 -

R K -0.41 0.01] -

R Mg 0.57 0.00 -0.11| -

R Na 0.46 0.74 -0.11 0.22| -

R Na/Ca -0.69 0.19 0.30 -0.40 0.05| -

R Na/Cl 0.03] -0.82 0.02 0.22 -0.35 -0.26| -

R Na/K 0.62 0.51 -0.66 0.19 0.78 -0.15 -0.26| -

R Na/Mg 0.12 0.19 -0.29 -0.60 0.14 -0.08 -0.26 0.38| -

R PQ -0.73 -0.10 0.62 -0.35 -0.35 0.62 -0.08 -0.63 -0.19| -

R SQ 0.04 0.08 0.49 0.09 0.20 0.03 0.02 -0.16 -0.13 0.0 -

S Ca 0.25 -0.13 -0.23 0.01 -0.01 -0.24 0.14 0.13 0. -0.26 0.04| -

S Cl 0.28 -0.06 -0.24 0.29 0.07 -0.26 0.21 0.20 -0.02 -0.18 0.02 0.1 -

SK 0.17 0.07 0.09 0.07 0.19 -0.13 0.08 0.10 0.18 .000 0.02 -0.04 0.27 -

S Mg -0.04 -0.06 -0.01 -0.07 -0.15 -0.13 -0.11 30.1 -0.10 0.00 0.03 -0.00 -0.26 -0.05| -

S Na 0.15 0.06 -0.22 -0.06 0.16 -0.09 -0.100.25 0.15 -0.15 0.06 0.42 -0.03 0.00 0.1¢ -

S Na/Ca 0.06 -0.04 0.01 0.13 0.10 -0.04 0.07 0.060.05- -0.11 0.0t -046 -0.15 -0.01 0.16  -0.0% -

S Na/Cl -0.29 0.01 0.12 -0.27 -0.04 0.31 -0.13 -0.11 0.02 0.25 0.07 -0.16. -0.72 -0.17 0.04 0.12 0.0¢ -

S Na/K 0.01 0.03 -0.22 -0.09 0.02 0.00 -0.15 0.13 .030 -0.12 0.05 035 -0.16 -0.57 0.20 0.81 -0.04 0.18] -

S Na/Mg -0.04 0.18 0.06 0.07 0.16 0.12 -0.11 0.06 0.07 0.02 -0.03 0.16 -0.05 -0.C -041 0.08 -0.08 0.11 0.0¢ -
S PQ 0.08 0.10 0.13 0.06 0.05 0.02 -0.08 -0.04 0.01 80.00.04 -0.03 -0.2C 0.34 0.24 0.16 -0.01 0.18 -0.05 -0.¢ -
S SQ 0.30 0.07 -0.09 0.20 0.14 -0.19 0.03 0.15 0. -0.27 0.15 0.18 -0.02 0.28 0.21 0.21  -0.08 0.01 0.03 -0.C 0.69 -

'Root, ?Stem, [Ca** (Calcium), CI” (Chlorine), K* (Potassium), Mg** (Magnesium), Na* (Sodium), PO,* (Phosphate) and SO,* (Sulphate)] ; the ions are calculated in mg/g of organ of the genotypes.
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Appendix 3. Correlation analysis between ion content in tlaé éad root of the genotypes grown under contrab@mn.

L L L L L L R R R R R R R
lons 'Ca LCl L K Mg2 LNa Na/Ca Na/Cl Na/K Na/Mg PO4 LSO4 RCa RClI RK Mg2 RNa Na/Ca Na/Cl Na/K Na/Mg PO4 SO4
L Ca -
LCl 0.12| -
LK 0.10 0.13] -
L Mg2 050 0.27 -0.26| -
L Na -0.10 -0.09 -0.28 -0.14| -
L Na/Ca -0.57 -0.12 -029 -0.33, 085 -
L Na/Cl -0.13. -0.67 -0.30 -0.22 0.73 0.65 -
L Na/K -0.12 -0.13 -069 0.01| 085 075 0.67 -
L Na/Mg -0.21 0.19 0.1¢ -0.68 0.07 0.16 -0.07 -0.0¢ -
L PO, 0.33 0.15 025 031 015 -0.03 0.07 -0.03 -0.0_ -
L SO, 037 032 -005 039 000 -017 -0.21 -0.02 -0.0 0.32 -
R Ca 025 041 -010 050 0.04 -0.06 -0.20 0.06 -0.22 0.1 037 -
R Cl -0.19 -0.06 0.10 -0.19 0.19 0.21 0.22 0.06 00.0 0.15 -0.07 -
R K 0.05 -0.52 -0.05 -0.13 0.12 0.00 0.42 0.09 -0.11 0.04 0.0f -041 0.01 -
R Mg2 0.22 0.13 -0.0¢ 035 -0.02 -0.08 -0.04 0.04 -0.12 0.14 0. 0.00 -0.11] -
R Na -0.08 -0.04 -0.13 0.0 0.29 0.27 0.25 0.25 -0.15 0.17 0.0 0.74 -0.11 0.22, -
R Na/Ca -0.33 -0.37 -0.08 -043 0.12 0.23 036 0.11 0.13 -0.0¢ -0.31 -0.69 0.19 030 -040 0.05 -
R Na/Cl 037 -002 -0.13 0.35 -0.17 -0.27 -0.15 -0.02 -0.16  -0.06 0.16 0.C -0.82 0.02 0.22 -0.35 -0.26| -
R Na/K -0.05 0.34 -0.09 0.19 0.12 0.14 -010 0.11 -0.07 0.12 0 051 -066 019, 0.78 -0.15 -0.26 -
R Na/Mg -0.01 0.20 0.02 0.04 -011 -0.09 -0.19 0.1 -0.05 -0.01 0.04 01 -029 -060 014 -0.08 -0.26 0.38] -
R PG -0.22 -0.28 0.01 -0.30 -0.03 0.05 0.17 -0.03 0.17 -0.Cc -0.31 -0.73 -0.10 0.62 -0.35 -0.35 0.62 -0.08 -0.63 -0.19 | -
R SQ -0.10 -0.24 -0.29 -0.10 0.17 0.18 0.2 0.26 -0.07 -0.21 0.08 0.0 049 0.09 0.20 0.03 0.02 -0.16 -0.13 0.0 -

!eaf, * Root, [Ca”* (Calcium), CI” (Chlorine), K* (Potassium), Mg® (Magnesium), Na* (Sodium), PO,~ (Phosphate) and SO, (Sulphate)] ; the ion content is calculated in mg/g of organ of the
genotypes.
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Appendix 4. Correlation analysis between ion content in tleensand leaf of the genotypes grown under contnotitimon.

S S S S S L L L L L L L L
lons $Ca SCcCI SK Mg2 SNa Na/Ca Na/Cl Na/K Na/Mg SPO4 SSO4 Ca LCl L K Mg2 Na Na/Ca Na/Cl Na/K Na/Mg PO4 S04
S Ca -
S Cl 0.15/ -
SK -0.04 0.22 -
S Mg2 -0.05 -0.26 -0.05| -
S Na 0.42 -0.03 0.00 0.1¢ -
S Na/Ca -0.46 -0.15 -0.01 0.16 -0.0% -
S Na/Cl -0.16  -0.72 -0.17 0.04 0.12 0.0¢ -
S Na/K 0.35 -0.16 -0.57 0.20 0.81 -0.04 0.18| -
S Na/Mg 0.16 -0.05 -0.00 -0.41 0.08 -0.08 0.11 0.0¢ -
S PO4 -0.03 -0.2( 0.34 0.24 0.16 -0.01 0.18 -0.05 -0.¢ -
S S04 0.18 -0.0: 0.28 0.21 0.21 -0.08 0.01 0.03 -0.C 0.69 -
L Ca 0.42 0.25 -0.04 0.25 0.03 -0.20 -0.23 0.05 -0.03 0 041 -
L Cl 0.10 0.33 -0.20 0.27 -0.11 -0.16 -0.28 0.03 -0.01 0.01 0.12 0.1 -
LK 0.12 0.03 0.14 0.08 0.06 -0.01 0.02 -0.02 -0 0.29 0.12 0.10 0.18 -
L Mg2 -0.08 -0.02 0.11 -0.22 0.20 0.24 0.08 0.07 170. -0.03 -0.05 0.50 0.27 -0.26| -
L Na 0.04 0.09 0.00 0.03 0.22 0.16 0.04 0.14 0.04 .120 0.12 -0.10 -0.0¢ -0.28 -0.14 -
L Na/Ca -0.21 -0.16 -0.01 -0.09 0.. 0.35 0.32 0.16 -0.04 -0.07 -0.2. -0.57 -0.12 -0.29 -0.33| 0.85 -
L Na/Cl -0.21  -0.27 0.06 -0.19 0.08 0.23 0.22 0.03 -0.07 -0.15 -0.18 .13( -0.67 -0.30 -0.22' 0.73 0.65 -
L Na/K -0.03 0.04 -0.07 -0.03 0.13 0.12 0.02 0.10 .050 -0.08 0.02 -0.12 -0.1 -0.69 0.01| 0.85 0.75 0.67 -
L Na/Mg 0.05 -0.17 -0.07 0.12 0.08 0. 0.27 0.10 -0.08 0.15 0.08 -0.21 0.19 0. -0.68 0.07 0.16 -0.07 -0.04 -
L PO4 0.20 -0.24 -0.08 0.12 0.02 -0.08 0.15 0.01 .15C 0.37 0.20 0.33 0.15 0.25 031 0.15 -0.03 0.07 -0.03 -0.0 -
L SO4 0.20 0.03 -0.02 0.14 -0.01 -0.08 -0.05 -0.02-0.08 0.25 0.50 0.37 0.32 -0.05 0.39 0.00 -0.17 -0.21 -0.02 -0.0 0.32 ] -
'Sem, ? Leaf, [Ca®* (Calcium), CI (Chlorine), K* (Potassium), Mg™ (Magnesium), Na* (Sodium), PO,” (Phosphate) and SO,* (Sulphate)] ; the ion content is calculated in mg/g of organ of the
genotypes.
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Appendix 5. Correlation analysis between ion content in theoshod root of the genotypes grown under contrabdmn.

SH Sh Sh Sh Sh Sh Sh Sh R R R R R R R
lons Ca ShCl ShK Mg2 ShNa Na/Ca Na/Cl Na/K Na/Mg PO4 SO4 RCa RCI RK Mg2 RNa Na/Ca Na/Cl Na/K Na/Mg PO4 S04
Sh Ca -

Sh Cl 0.24, -

ShK 0.01  0.09 -

Sh Mg2 0.18 0.04 -0.0{ -

Sh Na 0.19 -0.07 -007 0.1 -

ShNa/Ca | -0.74 -0.29 -0.12 0.02 0.39 -

Sh Na/Cl -0.24 -0.81 -0.15 -0.04 049 056 -

Sh Na/K 0.11 -0.0¢ -054 0.13 082 041 046, -

Sh Na/Mg -0.02 -0.10 -0.00 -0.74 037 017 031 031 -

Sh PO4 0.17 -0.1; 034 029 017 -003 015 -004 -0.1 -

Sh S04 040 0.17 015 028 010 -023 -0.11 0.00 -01 050 -

R Ca 029 -0.17 -016 009 -0.00 -031 025 0.08 0.0¢ -0.28 -0.01| -

R Cl 042 -0.07 -045 026 002 -038 013 0.32 0.10 -0.28 -0.12 0.17 -

R K 008 011 005 001 0.08 -0.14 -0.01 0.03 0.19.00 -0.14 -0.41 0.01, -

R Mg2 028 -0.17 -009 016 -0.1( -039 012 000 -006 -019 -00 057 0.00 -0.11 -

R Na 011 017 -005 -00 030 0.03 -018 0.22 001 -0.11 0J 046 074 -0.11 0.22 -

R Na/Ca -0.11 013 0.08 -004 022 023 -0.16 0.10008 009 0.1C -069 019 0.30 -0.40 0.05 -

R Na/Cl -027 020 033 -019 016 040 -023 -0.10 -008 020 015 0.0 -0.82 002 022 -0.35 -0.26 -

R Na/K 006 006 -002 -001 022 009 -009 015008 -008 024 062 051 -066 0.19 078 -0.15 -0.26| -

R Na/Mg 023 023 000 -0.18 0.: 046 -021 0.17 003 014 002 012 0. -029 -060 0.14 -0.08 -0.26 0.38] -
R PO4 0.14 015 011 011 013 -0.04 -0.09 0.04 00.00.04 -009 -0.73 -0.10 062 -0.35 -0.35 062 -0.08 -063 -0.19] -
R SO4 039 -001 -002 020 0.1: -030 012 0.13 004 033 013 004 008 049 009 020 003 0.02 -016 -0.13 0. -

Shoot, ? Root, [Ca®* (Calcium), CI (Chlorine), K* (Potassium), Mg®* (Magnesium), Na* (Sodium), PO, (Phosphate) and SO,” (Sulphate)] ; the ion content is calculated in mg/g of organ of the
genotypes. The shoot ion content is cal culated as the mean of theionsin the leaf and stem.
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Appendix 6. Correlation analysis between ion content in that emd stem of the genotypes grown under salimibdiion.

R R R R R R R S S S S S S S
lons RCa RCI R K Mg2 RNa Na/Ca Na/Cl Na/K Na/Mg PO4 SO4 gca ScCl SK Mg2 SNa Na/Ca Na/Cl Na/K Na/Mg P04 S04
R Ca -
R Cl -0.39 | -
R K -0.48 0.65 -
R Mg2 0.56 0.00 -0.07, -
R Na 0.04 044 -0.21 -0.21 -
R Na/Ca -0.78 0.50 0.33 -0.54 0.33 -
R Na/Cl 0.42 -045 -0.77 -0.19 0.59 -0.13]| -
R Na/K 0.42 -0.24, -0.81 -0.03 0.66 -0.09 0.88 -
R Na/Mg -0.32 0.23 -0.08 -0.81 0.70 0.55 047 0.39] -
R PO4 -0.37 0.02 0.25 -0.18 -0.16 0.23 -0.1f -0.29 0.00| -
R SO4 -0.01 0.14 0.20 -0.1 0.43 0.16 0.32 0.06 0.32 0.06] -
S Ca -0.09 0.11 -0.12 -0.05 0.23 0.07 0.12 0.17 10.10.04 0.16 -
S Cl -0.14 0.20 -0.05 -0.2 0.30 0.21 0.08 0.12 0.30 -0.05 -0.03 048, -
SK -0.29 0.07 0.08 -0.35 0.17 0.24 0.08 0.0: 0.31 0.17 -0.04 0.11 0.45 -
S Mg2 -0.10 0.03 0.09 0.12 -0.20 0.09 -0.24 -0.22 0.16 0.25 -0.08 0.08 0.10 -0.2 -
S Na 0.32 -0.07 -0.33 -0.03 0.40 -0.13 0.43 0.40 0.25 -0.14 0.17 0.0¢ 0.39 0.02 -0.12] -
S Na/Ca 0.34 -0.17 -0.21 0.02 016 -0.1 0.29 0.22 0.11 -0.09 0.0¢ -0.58 0.00 -0.06 -0.12 0.74 -
S Na/Cl 045 -0.23 -0.31 0.15 0.20 -0.30 0.40 0.34 0.02 -0.12 0.21 -0.2. -0.31 -0.31 -0.18 0.75 0.75 -
S Na/K 0.52 -0.13 -0.27 0.36 0.09 -0.32 0.21 0.23 -0.15 -0.23 0.11 -0.10 -0. -0.72 0.06 0.57 055 0.72 -
S Na/Mg 0.23 -0.04 -023 -01 0.38 -0.14 0.41 0.40 0.28 -0.29 0.14 0.01 0.12 0.2 -0.82 0.55 041 046 0.15] -
S PO4 0.14 -0.03 -0.08 -0.05 0.07 -0.05 0.11 0.09 .100 0.15 -0.11 0.05 0.07 0.1 0.31 0.13 0.11 0.11 0.00 -0.1 -
S SO4 0.31 -0.16 -0.18 -0.1C 0.25 -0.14 0.39 0.24 0.23 -0.02 0.34 0.06 0.17 0.03 0.2 0.48 0.38 0.40 0.28 0.09 0.43| -

'Root, 2Sem, [Ca®* (Calcium), CI” (Chlorine), K* (Potassium), Mg?* (Magnesium), Na* (Sodium), PO,* (Phosphate) and SO,* (Sulphate)] ; the ions are calculated in mg/g of organ of the genotypes.
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Appendix 7. Correlation analysis between ion content in tlaé éad root of the genotypes grown under salirgtydition.

L L L L L R R R R R R R
lons 'Ca LCl LK Mg2 LNa Na/Ca Na/Cl Na/K Na/Mg PO4 LSO4 RCa RCI R K Mg2 RNa Na/Ca Na/Cl Na/K Na/Mg PO4 S04
L Ca -
L Cl 0.59 -
LK 0.27 0.36 -
L Mg2 0.65 0.33 0.15| -
L Na 0.03 047 -046 -0.06 -
L Na/Ca -0.49 0.09 -047 -0.37 0.81 -
L Na/Cl -0.36 -0.18 -0.75 -0.28 0.77 0.81 -
L Na/K -0.11 0.14, -0.75 -0.11 0.89 0.77 0.86 -
L Na/Mg -0.04 -0.12 -0.17 -0.49 0.05 0.04 0.15 0.1
L PO4 0.48 0.39 0.15 0.43 0.19 -0.07 -0.04 0.03 -0.1 -
L SO4 0.08 0.02 -0.09 -0.0 0.27 0.13 0.29 0.27 0.16 0.15] -
R Ca -0.32 -0.03 -0.21 -0.2C 0.30 0.45 0.33 0.30 -0.11 -0.03 -0.1€ -
R CI 0.25 0.19 0.34 0.11 -0.20 -0.31 -0.37 -0.28 -0.10 0.13 -0.02 -0.39| -
R K 0.15 -0.06 0.23 0.00 -0.27 -0.32 -0.29 -0.26 -0.15 0.16 0.0¢ -0.48 0.65 -
R Mg2 -0.33 -0.18 -0.19 -0.11 0.0¢ 0.31 0.20 0.16 -0.16 -0.1: -0.25 0.56 0.00 -0.07, -
R Na 0.11 0.24 035 -0.05 -0.06 -0.11 -0.22 -0.22 -0.05 0.02 0.05 0 044 -021 -0.21
R Na/Ca 0.32 0.21 0.33 0.13 -0.18 -0.32 -0.33 -0.28 0.12  0.09 0.24 -0.78 0.50 0.33 -0.54 0.33] -
R Na/Cl -0.11 0.08 0.07 -0.16 0.12 0.17 0.09 0.03 .030 -0.08 0.08 042 -045, -0.77 -0.19 0.59 -0.13| -
R Na/K -0.03 0.22 0.13 -0.08 0.13 0.13 0.01 0.02 070.-0.06 -0.06 042 -0.24| -0.81 -0.03 0.66 -0.09 0.88 -
R Na/Mg 0.30 0.29 0.31 0.05 -0.06 -0.23 -0.24 -0.19 0.10 0.10 0. -0.32 0.23  -0.08 -0.81 0.70 0.55 0.47 0.39 -
R PO4 0.14 -0.04 -0.03 0.21 0.01 -0.05 0.05 0.04 .07-0 0.10 0.18 -0.37 0.02 0.25 -0.18 -0.16 0.23 -0.1¢ -0.29 0.00| -
R SO4 -0.04 -0.12 0.17 -0.22 -0.19 -0.15 -0.14 (0.2 -0.08 -0.07 0.33 -0.01 0.14 0.20 -0.1. 0.43 0.16 0.32 0.06 0.32 0.06| -

! eaf, 2 Root, [Ca”* (Calcium), CI” (Chlorine), K* (Potassium), Mg®* (Magnesium), Na* (Sodium), PO,* (Phosphate) and SO, (Sulphate)] ; theion content is calculated in mg/g of organ of the
genotypes.
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Appendix 8. Correlation analysis between ion content in tieensand leaf of the genotypes grown under saliratyddion.

S S S S S L L L L L L L L
lons 3ca Scl SK Mg2 SNa Na/Ca Na/Cl Na/K Na/Mg SPO4 SSO4 3ca LCl LK Mg2 Na Na/Ca Na/Cl Na/K Na/Mg PO4 S04
S Ca -
S Cl 0.48 | -
SK 0.11 0.45| -
S Mg2 0.08 0.10 -0.21 -
S Na 0.08 0.39 0.02 -0.12] -
S Na/Ca -0.58 0.00 -0.06 -0.12  0.74 -
S Na/Cl -0.22 -0.31 -0.31 -0.18 0.75 0.75 -
S Na/K -0.10 -0.14 -0.72 0.06 0.57 0.55 0.72 -
S Na/Mg 0.01 0.12 0.2¢ -0.82 0.55 0.41 0.46 0.15 | -
S PO4 0.05 0.07 0.1 0.31 0.13 0.11 0.11 0.00 -0.1 -
S S04 0.06 0.17 0.03 0.z 0.48 0.38 0.40 0.28 0.09 0.43 | -
L Ca 0.24 0.12 0.05 -0.04 -0.04 -0.17  -0.09 -0.06 .000 -0.10 0.17 -
L Cl 0.34 0.35 0.05 0.05 0.16 -0.07 -0.06 0.07 -0.11 0.02 0 059 -
LK 0.13 -0.07 0.31 0.06 -0.27 -0.30 -0.23 -0.31 -0.11 0.04 0.12 0.27 0.36 | -
L Mg2 0.10 0.05 -0.2C 0.27 0.17 0.08 0.16 0.21 -0.01 0.C 0.35 0.65 0.33 0.15 -
L Na 0.00 0.03 -0.09 -0.10 0.21 0.20 0.19 0.20 60.0-0.15 0.08 0.0¢ 0.47 -046 -0.06 -
L Na/Ca -0.19 -0.05 -0.12 -0.07 0.z 0.32 0.24 0.23 -0.06 -0.06 -0.0 -0.49 0.09 -047 -0.37 0.81 -
L Na/Cl -0.25 -0.23 -0.13 -0.15 0.C 0.26 0.23 0.15 0.02 -0.17 -0.0 -0.36 -0.18 -0.75 -0.28! 0.77 0.81 -
L Na/K -0.18 0.09 -0.28 -0.17 0.42 0.53 0.35 0.42 0.03 -0.13 -0.06 -0.11 0.1 -0.75 -0.11 0.89 0.77 0.86 -
L Na/Mg -0.02 -0.01 0.13 -0.23 -0.08 -0.03 -0.09 .1@ -0.05 -0.03 -0.24 -0.04 -0.12 -0.. -0.49 0.05 0.04 0.15 0.17 -
L PO4 0.19 0.05 -0.13 0.24 0.23 0.12 0.23 0.22 ( 033 0.23 0.48 0.39 0.15 0.43 0.19 -0.07 -0.04 0.03 -0.1 -
L SO4 -0.06 0.01 -0.21 -0.1  0.29 0.28 0.30 0.29 0.01 -0.09 0.40 0.08 0.02 -0.09 -0.00 0.27 0.13 0.29 0.27 0.16 0.15] -
'Sem, ? Leaf, [Ca®* (Calcium), CI (Chlorine), K (Potassium), Mg®" (Magnesium), Na* (Sodium), PO,” (Phosphate) and SO,* (Sulphate)] ; the ion content is calculated in mg/g of organ of the
genotypes.
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Appendix 9. Correlation analysis between ion content in thmosland root of the genotypes grown under salicatydition.

SH Sh Sh Sh Sh Sh Sh Sh R R R R R R R
lons Ca ShCl ShK Mg2 ShNa Na/Ca Na/Cl Na/K Na/Mg PO4 SO4 RCa RClI RK Mg2 RNa Na/Ca Na/Cl Na/K Na/Mg PO4 SO4
Sh Ca -

Sh Cl 0.60 -

Sh K 0.22 0.28| -

Sh Mg2 032 019 -0.12| -

Sh Na 0.02 042 -035 0.00 -

ShNa/Ca | -055 0.01 -041 -0.18/ 0.80 -

Sh Na/Cl -0.39 -0.26 -057 -0.13| 0.76 084 -

Sh Na/K -0.15 0.1C -0.70 006 084 0.78 082 -

Sh Na/Mg 021 010 -0.1. -0.74 063 065 0.60 050/ -

Sh PO4 028 021 009 035 019 001 006 009 -0.1 -

Sh S04 009 013 -002 01 041 028 037 031 012 0.24 -

R Ca 028 023 004 -027 020 026 -001 007 028 0.08 006 -

R Cl -0.10 024 -006 -02 032 026 010 021 035 -0.05 -0.09 -0.39 -

R K 031 022 017 -035 030 034 010 008 038 011 005 -0.48 0.65 -

R Mg2 -0.18 008 011 003 -0.17 0. -026 -0.20 -0.09 0.29 -0.18 056 0.00 -0.07 -

R Na 039 -0.19 -037 005 014 -021 0.30 0.29 0.07 -0.06 -007 0.00 044 -021 -0.21| -

R Na/Ca 050 -0.30 -0.33 026 000 -033 0.26 020 -0.13 -0.08 -0.0¢ -0.78 050 0.33 -054 033 -

R Na/Cl 0.48 -0.37 -036 023 -007 -039 026 017 -0.17 -0.02 0.0: 042 -045 -077 -0.19 059 -0.13 -

R Na/K 041 -0.27 -030 024 -0.15 -033 009 009 -021 -004 -0.1 042 -024, -081 -003 0.66 -0.09 0.88 -

R Na/Mg 037 -020 -0.35 0.02 022 -0.25% 040 0.36 0.11 -026 007 -0.32 023 -008 -081 0.70 055 047 0.39 -
R PO4 006 0.07 006 -0.11 0.05 0.03 001 001 0.1».15 -0.11 -0.37 0.02 025 -0.18 -0.16 0.23 -0.1t -0.29 0.00| -
R SO4 006 -0.10 -005 -021 017 0. 0.27 0.10 027 010 040 -001 014 020 -0.1: 043 016 0.32 0.06 0.32 0.06| -

Shoot, ? Root, [Ca®* (Calcium), CI (Chlorine), K* (Potassium), Mg®* (Magnesium), Na* (Sodium), PO, (Phosphate) and SO,” (Sulphate)] ; the jon content is calculated in mg/g of organ of the
genotypes. The shoot ion content is cal culated as the mean of theionsin the leaf and stem.
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Appendix 10. Correlation analysis between ions contained irrtlo¢ and the growth parameters of the genotypasmunder control condition.
cct cC CC Fv/FnP Fv/Fm Rfw/  Rdw/ RL/
LL®  ULAL® UuL* UL LL LA® Riw’ RL® Rdw’ SWw® Sdw' sw?® SL®  sdw’  sL®

CC-LL =

CC-UL/LL -0.71 =

CC-UL 0.48 0.26 =

Fv/Fm-UL 0.05 -0.11  -0.0¢ =

Fv/Fm-LL 0.29 -0.46 -0.13 0.13 =

LA _cm 0.19 -0.28 -0.04 -0.20 0.21 =

Rfw 0.19 -0.18 0.07 -0.01 0.15 0.78 =

RL 0.16 -0.24 -0.03 -0.07 043 @ 0.62 0.64 -

Rdw 0.18 -0.16 0.08 -0.11 0.1z 0.80 0.94 0.57 =

Rfw/Sfw -0.02 0.01 -0.07 0.22 -0.08 -0.C 036 0.09 0.26 =

Rdw/Sdw -0.23  0.37 0.07 002 -046 -033 001 043 0.06 0.49 =

Sfw 0.21 -0.14 0.15 -0.25 0.18 | 092 0.71 061 0.74 -0.26 -0.36 =

SL 0.32 -0.21 0.23 -0.22 0.19 057 031 042 036 -037 -043 0.70 =

Sdw 0.23 -0.21 0.08 -0.22 0.2¢ 094 075 071 077 -0.08 -045 | 094 0.64 -

RL/SL -0.01 -0.17  -0.19 010 031 021 040 069 033 035 -0.14 0.11 -0.31 0.25 =
R°Ca -0.08 0.13 0.09 0.01 -0.33 -0.10 -0.02 -0.30 -0.01 009 031 -009 -009 -0.16 -0.28
R CI -0.10 0.03 -0.11 -0.17 -0.14 0.14 0.14 0.12 190. -0.02 -0.01 0.14 -0.03 0.13 0.12
RK 0.07 -0.12  -0.07 0.06 0.08 0.2 035 047 0.23 0.13 -0.12 0.22 0.05 0.2 041

R Mg 0.01 0.11 0.15 -0.06 -0.16 -0.08 0.01 -0.15 010. 0.14 0.35 -0.05 0.00 -0.10 -0.16
R Na -0.10 0.06 -0.05 -0.21 -0.23  0.08 0.09 0.083 110. 0.12 0.05 0.02 -0.07 0.04 0.09
R Na/Ca -0.14 -0.05 -0.27 -0.15 0.19 -0.04 -0.10 0.23 -0.09 -0.1 -0.26 -0.05 0.01 0.04 0.23
R Na/Cl 0.27 -0.11 0.23 0.13 0.06 -0.07 0.00 -0.05 -0.07 0.16 040. -0.09 0.04 -0.04 -0.03
R Na/K -0.12 0.15 0.05 -0.14 -0.27v -0.12 -0.15 -0.27 -0.08 -0.02 0.09 -0.12 -0.07 -0.13 -0.20
R Na/Mg -0.14 0.06 -0.09 0.11 -0.24 -0.09 -0.14 260. -0.15 -0.15 -0.18 -0.10 -0.13 -0.13 -0.11
R PO4 0.10 -0.11  -0.05 0.03 022 -008 -0. 025 -0.21 -0.16 -0.28 -0.03 0.07 0.00 0.21
R SO4 -0.16 0.10 -0.11 0.08 -0.11  0.05 0.. 025 0.0 0.13 0.08 0.05 -0.24 0.0 0.46

°Root [Ca** (Calcium), CI™ (Chlorine), K* (Potassium), Mg® (Magnesium), Na* (Sodium), PO,* (Phosphate) and SO,~ (Sulphate)] ; the ion content
is calculated in mg/g of organ of the genotypes.

Chlorophy content,’Lower leaf, > Upper to lower leaf ratio, “Upper leaf , *Chlorophy fluorescence, °Leaf area, "Root fresh weight, ®Root length,
°Root dry weight, *° Root to shoot fresh weight ratio, **Root to shoot dry weight ratio, **Shoot fresh weight, *Sem length, **Stem dry weight, and *°
root to stemlength ratio
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Appendix 11.Correlation analysis between ions contained irsteen and the growth parameters of the genotypesnguader control condition.

cct CC CC Fv/FnT Fv/IFm Rfw/  Rdw/ RL/
LL?  uuee® ol UL LL LA® R RL® Rdw Sfw® Sdw' Sfw? SI®  sdw®  sLP®
CC-LL =
CC-UL/LL -0.71 -
CC-UL 0.48 0.26 -
Fv/Fm-UL 0.05 -0.11  -0.0¢7E
Fv/Fm-LL 029 -046 -0.13 0.13 =
LA_cm 0.19 -0.28 -0.04 -0.20 0.21 [
Rfw 0.19 -0.18 0.07 -0.01 0.15 0.78 =
RL 0.16 -0.24 -0.03 -0.07 043 0.62 0.64 -
Rdw 0.18 -0.16 0.08 -0.11 0.1Z 0.80 094 057 -
Rfw/Sfw -0.02 0.01 -0.07 0.22 -0.08 -0 036 0.09 0.26 =
Rdw/Sdw 023 037 007 002 -046 -0.33 001 -043 0.06 0.49 =
Sfw 0.21 -0.14 015 -025 0.18 [f092" 071 061 074 -0.26 -0.36 -
SL 032 -0.21 023 -0.22 0.19 057 031 042 036 -037 -043 0.70 =
Sdw 0.23 -0.21 0.08 -0.22 0.2 094 075 0.71 077" -0.08 -0.45| 094 0.64 -
RL/SL -001 -0.17 -019 010 031 021 040 069 033 035 -0.14 011 -031 0.25 =
S Ca -0.22 032 013 0.03 -0.04 0.02 0.05 -0.08 0.05 0.14 0.17 0.020.10 0.02 0.01
sl 0.06 -0.05 -0.02 0.06 -0.18 -0.10 -0.10 -0.190.11 011 028 -0.16 0.00 -0.17 -0.21
SK 0.13 -0.10 0.10 0.07 -0.13 0.10 0.03 0.13 -0.020.14 -0.26 0.11 0.20 0.10 -0.06
S Mg 0.08 021 -0.13 0.21 024 001 0.03 0.03 0.000.12 -0.05 -0.04 -0.13 -0.06 0.20
S Na -0.13 001 -0.11 0.00 0.12 001 -0.06 0.09 080. 0.07 -0.25 -0.05 0.06 0.01 0.03
S Na/Ca -0.03 -0.05 -0.08 -0.15 -0.05 -0.05 -0.02.120 -0.03 0.06 0.00 -0.07 001 -0.06 0.08
S Na/Cl -0.10 0.08 0.00 -0.12 021 -0.02 -0.08 0.080.05 -0.20 -0.27 0.03 -0.08 0.05 0.14
S Na/K -0.18 0.05 -0.17 0.00 0.14 -0.07 -0.08 0.00:0.07 0.14 -0.04 -012 -0.07 -0.08 0.06
S Na/Mg 0.04 0.10 0.2C -0.28 -0.08 0.19 0.18 0.13 0.17 0.02 0.02 0.15 0.06 0.170.08
S PO4 0.17 -0.24 0.04 001 0.12 -0.10 -0.05 0.10 .03-0 -0.17 -0.23 -0.08 0.06 -0.11 0.14
S S04 0.12 -0.11 011 0.06 -0.01 -0.13 -0.09 -0.00.00 -0.18 001 -011 -0.03 -0.20 0.04

°Root [Ca“* (Calcium), CI” (Chlorine), K* (Potassium), Mg”™ (Magnesium), Na* (Sodium), PO,* (Phosphate) and SO,~ (Sulphate)] ; the ion content
is calculated in mg/g of organ of the genotypes.
Chlorophy content,’Lower |eaf, * Upper to lower leaf ratio, “Upper leaf , *Chlorophy fluorescence, °Leaf area, "Root fresh weight, ®Root length,

°Root dry weight, '° Root to shoot fresh weight ratio, *Root to shoot dry weight ratio, **Shoot fresh weight, *Sem length, **Stem dry weight, and *°

root to stemlength ratio
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Appendix 12. Correlation analysis between ions contained ifgh&éand the growth parameters of the genotypasgunder control condition.

cc cc CC Fv/En? Fv/Fm Rfw/  Rdw/ RL/
LL®  uwee® ot uL LL LA® Rfw RL® Rdw SWw® Sdw?' Sw?®  SI*®* Sdw* SL®
CC-LL =
CC-UL/LL | -0.71 =
CC-UL 0.48 0.26 =
Fv/Fm-UL 0.05 -0.11 -0.0¢7 =
Fv/Fm-LL 029 -046 -0.13 0.13 =
LA 0.19 -028 -0.04 -0.20 0.21 =
Rfw 0.19 -0.18 0.07 -0.01 0.15 0.78 =
RL 0.16 -0.24 -0.03 -0.07 0.43 0.62 0.64 =
Rdw 0.18 -0.16 0.08 -0.11 0.12/ 0.80 0.94 057 -
Rfw/Sfw -0.02 001 -0.07 0.22 -0.08 -0.0 0.36 0.09 0.26 :
Rdw/Sdw 023 037 007 002 -046 -033 001 -043 0.06 0.49 =
Sfw 0.21 -0.14 0.15 -0.25 0.18 092" 071 061 074 -026 -0.36 =
SL 032 -021 023 -022 0.19 057 031 042 036 -037 -043 0.70 =
Sdw 0.23 021 008 -0.22 0.25. 094 0.75 0711077 -008 -045 094 0.64 =
RL/SL -0.01 -017 -0.19 0.10 0.31 021 040 069 033 035 -014 011 -031 0.25 =
L Ca 0.03 0.04 013 0.05 -0.11 000 012 -013.05 015 020 000 -0.07 -0.05 -0.04
L Cl -0.14 035 023 010 -0.33 -036 -0.35  -051 -028 -0.04 038 -031 -014 -0.38 -0.47
LK 0.23 -0.16 0.12 -0.06 0.10 0.33 020 0.07 029 -0.18 -0.16 041 044 035 -0.23
L Mg 0.09 0.15 0.32 0.08 -0.24 -025 -020 -0.33 -0.24 002 021 -021 -0.1¢ -0.25 -0.21
L Na -0.10 0.00 -0.11 -0.25 -0.01 015 0. 029 012 013 -001 014 004 0.16 0.18
L Na/Ca -0.07 -0.02 -0.11 -0.23 0.02 0.09 0.06 0.24005 0.01 -010 0.09 0.04 012 0.14
L Na/Cl 0.02 -0.22 -0.2: -0.28 0.12 029 033 045 023 012 -0.17 023 0.0¢ 0.27 0.36
L Na/K -0.15 0.09 -0.08 -0.15 -0.02 -0.02 0.07 0.180.01 0.20 0.07 -006 -0.16 -0.01 0.23
L Na/Mg -0.11 0.02 -0.11 -0.08 0.11 0.08 0.05 0.130.07 -0.07 -0.08 0.07 008 0.06 0.08
L PO4 0.19 0.08 0.39 -0.18 -0.11 -003 0.06 -004 007 -006 008 0. 027 -002 -025
L SO4 -0.05 0.19 020 011 -026 -0.03 015 001 0.17 0.11 030 -0.01 -0.08 -0.09 0.06

°Root [Ca** (Calcium), CI™ (Chlorine), K* (Potassium), Mg®* (Magnesium), Na* (Sodium), PO,* (Phosphate) and SO~ (Sulphate)] ; theion
content is calculated in mg/g of organ of the genotypes.
Chlorophy content,?Lower leaf, > Upper to lower leaf ratio, “Upper leaf , *Chlorophy fluorescence, °Leaf area, "Root fresh weight, ®Root length,

°Root dry weight, *° Root to shoot fresh weight ratio, **Root to shoot dry weight ratio, **Shoot fresh weight, *Sem length, **Stem dry weight, and *°
root to stemlength ratio
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Appendix 13. Correlation analysis between ions contained irrtloe and the growth parameters of the genotypesmunder salinity condition.

cc

Fv/FnT

cC cC Fv/Fm Rfw/  Rdw/ RL/
LL?  uLueL®  ul? uL LL LA® Rfw’ RL® Rdw’ SWw® Sdw! Sw? SI*® sdwt SLP®

CC-LL =
CC-UL/LL -0.58 -
CC-UL 0.60 0.30 -
Fv/Fm-UL 027 -0.05 0.25 =
Fv/Fm-LL 0.36 -0.32 0.09 0.48 -
LA -0.02  -0.03 -0.04 0.14 0.31 =
Rfw 0.07 0.04 0.12 0.19 0.28 0.71 =
RL 0.10 0.00 0.11 021  0.40 0.57 0.60 -
Rdw 0.04 0.09 0.14 0.18 0.26 0.73 0.97 0.55 -
Rfw/Sfw 0.05 -0.01 0.03 0.10 0.15 -0.0¢ 0.54 0.22 0.46 -
Rdw/Sdw -0.12 0.12 -0.03 -0.03 -0.07 -0.1 032 -009 033 074 =
Sfw 0.08 0.04 0.15 0.13 0.26 0.92 080 058 @ 081 -004 -0.14 -
SL 0.38 -0.13 0.32 0.24 0.30 047 041 037 039 -001 -0.28 0.55 =
Sdw 0.08 0.00 0.11 0.11 0.26 092 073 057 075 -009 -028 097 058 -
RL/SL -0.13 0.11 -0.06 0.08 023 025 033 076 030 024 007 022 -028 0.19 =
R Ca 026 004 -024 -0.14 -0.29 036 -041 -049 -037 -021 006 -0.37 -0.48 -0.38 -0.17
R Cl 0.09 0.02 0.11 0.08 022 027 056 032 046 | 051 028 032 018 025 0.22
R K 0.09 0.06 0.14 0.11 023 034 048 031 040 031 005 039 035 038 0.09
R Mg -0.11 0.13  0.02 -0.07 -0.34 -0.31 -0.19 -046 -0.19 -0.04 0.08 -022 -0.16 -0.2 -0.35
R Na -0.07 -0.07 -0.17 0.06 0.11 0.16 0.14 011 9000.14 017 006 -0.16 -0.01 0.23
R Na/Ca 0.17 -0.10 0.07 0.10 0.34 022 029 039 024 021 008 021 020 01 025
R Na/Cl -0.15 -0.10 -0.26 0.00 -0.10 -0.10 -0.36 -0.19 -0.32 -0.30 -0.07 -0.24 -0.34 -025 0.01
R Na/K -0.08 -013 -0.20 -0.02 -0.11 -0.15 -0.24 200 -0.22 -0.13 0.06 -0.2¢ -0.33 -0.26 0.01
R Na/Mg 0.00 -0.11 -0.14  -0.01 0.28 027 018 036 0.15 012 0.06 015 -0.02 0.1 0.36
R PO4 0.06 0.00 0.06 0.22 0.12 0.12 0.13 0.15 0.1D.01 -0.18 0.15 0.36 0.19 -0.09
R SO4 -0.09 -0.02 -0.14 0.15 0.12 0.22 0.10 0.02 080. -0.01 -0.06 0.14 -0.04 0.09 0.03

°Root [Ca“* (Calcium), CI™ (Chlorine), K* (Potassium), Mg”™ (Magnesium), Na* (Sodium), PO,* (Phosphate) and SO,~ (Sulphate)] ; the ion content is
calculated in mg/g of organ of the genotypes.
Chlorophy content,?Lower leaf, * Upper to lower leaf ratio, “Upper leaf , *Chlorophy fluorescence, °Leaf area, "Root fresh weight, ®Root length, °Root

dry weight, *° Root to shoot fresh weight ratio, *'Root to shoot dry weight ratio, **Shoot fresh weight, **Stem length, **Stem dry weight, and *° root to
stem length ratio
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Appendix 14. Correlation analysis between ions contained irsten and the growth parameters of the genotymesrgrunder salinity condition.
cct cC CC Fv/Fn?  Fv/Fm Rfw/  Rdw/ RL/
LL®  ULAL® uL* UL LL LA® Rw' RL® Rdw’ SWw® Sdw! sfw®  sL®  sdw?*  SL®

CC-LL =

CC-UL/LL -0.58 =

CC-UL 0.60 0.30 =

Fv/Fm-UL 0.27 -0.05 0.25 =

Fv/Fm-LL 0.36 -0.32 0.09 048 =

LA -0.02 -0.03 -0.04 0.14 0.31 =

Rfw 0.07 0.04 0.12 0.19 0.28 0.71 =

RL 0.10 0.00 0.11 0.21 040 057 0.60 -

Rdw 0.04 0.09 0.14 0.18 0.26 @ 0.73 0.97 0.55 =

Rfw/Sfw 0.05 -0.01 0.03 0.10 0.15 -0.C 0.54 0.22 0.46 =

Rdw/Sdw -0.12 0.12 -0.03 -0.03 -0.07v -0. 0.32 -0.09 0.33 0.74 =

Sfw 0.08 0.04 0.15 0.13 0.26 | 092 0.80 058 @ 081 -004 -0.14 -

SL 0.38 -0.13 0.32 0.24 0.30 047 041 037 039 -0.01 -0.28 0.55 =

Sdw 0.08 0.00 0.11 0.11 0.26 | 092 0.73 0.57 = 0.7/5 -0.09 -0.28 097 0.58 =

RL/SL -0.13 0.11 -0.06 0.08 0.2 0.25 0.33 0.76 030 0.24 0.07 022 -0.28 0.19 =

S Ca -0.17 0.14 -0.05 0.18 0.02 0.22 0.25 0. 030 011 0.15 0.17 -0.04 0.12 0.09
SCl -0.05 0.01 -0.04 0.12 0.23 0.2 0.26 020 027 019 025 0.19 0.01 0.08 0.26
SK 0.11 -0.18  -0.05 0.21 0.14 0.32 0.12 0.26  0.08 -0.13 -0.23 0.26 045 0.24 -0.01
S Mg -0.25 0.31 0.00 -0.19 -0.17 -0.02 0.10 -0.03 0.13 0.16 0.17 030. -0.07 0.02 0.04
S Na -0.20 0.07 -0.15 -0.11 0.05 0.00 -0.12 -0.040.1x -0.19 0.04 0.01 -0.22  -0.05 0.13
S Na/Ca -0.07 -0.03 -0.10 -0.25 003 -0. -0.30 -0.11 -0.32 -0.25 -0.07 -0.13 -0.16 -0.14 0.00
S Na/Cl -0.20 0.07 -0.15 -0.22 -0.12 -0. -035 -0.23 -0.33 -0.35 -0.14 -0.15 -0.26 -0.14 -0.08
S Na/K -0.28 0.14 -0.18 -0.32 -0.11 -031 -025 -0.33 -0.22 -0.05 0.20 -0.27 -0.51 -0.29 -0.02

S Na/Mg 0.11 -0.21  -0.07 0.10 0.12 -0.01 -0.13 30.0-0.15 -0.15 -0.04 -0.06 -0.03 -0.09 -0.02
S PO4 -0.21 0.15 -0.09 -0.07 -0.09 -0.22 -0.16 *0.0-0.17 0.05 0.15 -0.20 -0.16 -0.22 0.05
S SO4 -0.33 0.13 -0.27 -0.10 -0.02 -0.18 -0.21 -0.17 -0.21 0.02 0.. -0.25 -0.38 -0.27 0.10

°Root [Ca* (Calcium), CI” (Chlorine), K* (Potassium), Mg~ (Magnesium), Na*™ (Sodium), PO,” (Phosphate) and SO,~ (Sulphate)] ; theion
content is calculated in mg/g of organ of the genotypes.
Chlorophy content,?Lower leaf, * Upper to lower leaf ratio, “Upper leaf , *Chlorophy fluorescence, °Leaf area, "Root fresh weight, ®Root length,

°Root dry weight, ° Root to shoot fresh weight ratio, *Root to shoot dry weight ratio, **Shoot fresh weight, *Stem length, **Stem dry weight, and *°
root to stemlength ratio
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Appendix 15. Correlation analysis between ions contained irldh&and the growth parameters of the genotypasmunder salinity condition.

cc CC CC FV/Fn? Fv/Fm Rfw/  Rdw/ RL/
LL? uLuee® ot UL LL LA® Rfw’ RL® Rdw’ SWw'® Sdw' Sfw? SI*¥  sdw® SL®
CC-LL =
CC-UL/LL -0.58 -
CC-UL 0.60 0.30 =
Fv/Fm-UL 0.27 -0.05 0.25 =
Fv/Fm-LL 0.36 -0.32 0.09 0.48 =
LA -0.02 -0.03 -0.04 014 031 =
Rfw 0.07 0.04 0.12 0.19 028 0.71 =
RL 0.10 0.00 0.11 021 040 057 0.60 -
Rdw 0.04 0.09 0.14 0.18 026 073 097 0.55 -
Rfw/Sfw 0.05 -0.01  0.03 0.10 0.15 -0.0 054 0.22 0.46 -
Rdw/Sdw -0.12 0.12 -0.03 -0.03 -007 -0 032 -009 033 0.74 =
Sfw 0.08 0.04 0.15 0.13 0.26 | 092 080 058 @ 081 -004 -0.14[ -
SL 038 -0.13 032 024 030 047 041 037 039 -0.01 -0.28 0.55 =
Sdw 0.08 0.00 0.11 0.11 026 | 092 073 057 | 075 -0.09 -0.28 097 0.58 -
RL/SL -0.13 0.11 -0.06  0.08 022 025 033 | 076 030 024 0.07 022 -0.28 0.19 =
L Ca 0.16 -0.13  0.06 022 034 033 055 040 053 043 027 036 019 0.30 0.30
LCl -0.13  -0.07 -022 0.04 0.23 0.1 038 009 037 053 053 0.05 -015 -001 0.19
L K 0.02 -0.10 -0.07 0.18 0.13 050 033 020 031 000 001 040 0.24 036 0.01
L Mg 0.18 -0.08  0.13 0.23 0.19 0.1¢ 030 029 028 025 005 021 024 023 0.14
L Na 036 016 -026 -0.20 -0.04 -0.36 -0.14 -027 -0.14 022 033 -034 -042 -0.35 0.04
L Na/Ca -0.42 017 -032 -035 -0.26 -049 -042 | -050 -0.42 -0.06 0.19 -049 -048 -0.47 -0.21
L Na/Cl 033 025 -013 -021 -020 -0.47 -043 -037 -041 -015 -0.01 -042 -035 -0.39 -0.11
L Na/K -0.26 0.16 -0.15 -0.19 -0.07 -049 -026 -0.27 -026 0.5 0.18 -042 -0.39 -0.40 0.04
L Na/Mg 0.02 0.02 0.05 -027 005 -0.07 -0.03 0.07 002 -001 0.06 -0.03 -0.0:0.02 0.07
L PO4 0.02 0.12 0.15 0.14 001 -005 019 005 0 034 038 001 008 -0.08 -0.02
L SO4 -0.19 033 0.08 0.09 -0.02 -0.07 002 -003 004 0.09 0.07 020. -0.05 -0.04 0.05

°Root [Ca®* (Calcium), CI” (Chlorine), K* (Potassium), Mg”* (Magnesium), Na* (Sodium), PO,* (Phosphate) and SO,~ (Sulphate)] ; the ion content
is calculated in mg/g of organ of the genotypes.
'Chlorophy content,’Lower leaf, ® Upper to lower leaf ratio, “Upper leaf , >Chlorophy fluorescence, °Leaf area, ‘Root fresh weight, ®Root length,

°Root dry weight, ° Root to shoot fresh weight ratio, **Root to shoot dry weight ratio, *?Shoot fresh weight, *Stem length, **Stem dry weight, and *°

root to stemlength ratio
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Appendix 16.Testing the uniqueness of SOS1-2 and SOS1-3 padarebination
using cDNA of genotypes.

NaCl Control

= a - P - SOS1-2
“....-..::;.-.b--b--:.t :--
L E - S0S1-3
Beo®0e o® EO0e"me = .
Eflo

Testing of the SOS1-2 and SOS1-3 using PCR cycles [94°C (30sec), 53°C (30sec) and 72°C (45sec)].
Under each growing condition (NaCl and control) and primer combination the first six lanes were

genotypes having relatively high Na™ content and the next six lanes were the genotypes have low Na*
content.
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Appendix 17.Testing the uniqueness of SOS1-2 and SOS1-3 pdaombination
using cDNA and DNA of genotypes.

SOS:-2

SOS1-3

Efla

Testing of the SOS1-2 and SOSI1-3 using PCR cycles [94°C (30sec), 53°C (30sec) and 72°C (45sec)].
Thefirst part (left) has six genotypes that have cDNA obtained from the salt treated (a) and control (b)
condition. In the second part (right) there are ten genotypes genotypes, as well as the Parent C and
Parent E which arein the first and second lanes. The lane before each marker is control.
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Appendix 18: List of the genotypes used in the experiment agdUlt of for the identification of markers in tB&E population using the SOS1-3 primer combination.

No. |4 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Genotype| 17 27 69 72 82 84 110 141 145 155 159 166V 171 196 200 202 218 222 232 233 250 268 276 350/
NO-lo5 26 27 28 20 30 31 32 33 34 35 36 37 38 39 40 41 42 43 A4 45 46 47 48
Genotype| 447 602 603 604 607 608 609 615 624 628 630 63M 632 633 634 636 640 642 648 651 653 656 658 658
No g9 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72
Genotype| 660 663 664 666 667 668 669 673 674 675 680 684 686 688 689 695 698 701 702 709 712 714 715 71F
No.-V73 74 75 76 77 78 79 80 8 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96
Genowpe| 719 721 723 724 726 728 732 733 736 738 740 7461 747 752 753 757 761 765 769 777 782 786 C E M

NB: ‘M’ is position of the marker on gel-electrophasepicture).
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