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ABSTRACT

Zinc (Zn) is an essential micronutrient required &equate growth of plant species.
Zinc is particularly needed for structural and fumagal integrity of enzymes and biological
membranes and directly involved in synthesis otgimo Consequently, Zn deficiency results
in severe decreases in growth and yidlthong the crop species, wheat is very sensitive to
Zn deficiency. There is very limited information @ahe molecular mechanisms affecting
expression of high Zn deficiency toleranc@ur objective in this study is, therefore, to
identify the differentially expressed cDNA fragmenh response to varying levels of Zn
applications in a tolerant cultivated wheat genetypor this purpose, we performed a
screening experiment by using a number of cultivdtead wheat genotypes which displayed
a considerable variation in response to Zn defeyielAmong various modern bread wheat
genotypes tested, Bezostaja was selected as thetolerant genotype. mRNA differential
display method has been used to study the exprepsofile of Bezostaja genotype exposed
to different Zn treatments. We observed 20 diffaadly expressed cDNA bands by using
MRNA differential display. Out of 20 cDNA fragmentbat were isolated, cloned and
sequenced, 14 cDNAs displayed similarity with poesly identified metal Zn binding
proteins and enzymes such as; alcohol dehydrogengstathionine gamma synthase, and
cation diffusion facilitator family transporter adaming protein.

Keywords: Zn-responsive genes, Zn deficiency, bread whe&iNAn differential
display



OZET

Cinko (Zn) bitki tarlerinin baytmesi icin mutlak gekli bir mikro besin elementedir.
Cinko 0Ozellikle biyolojik membranlarin ve enzimleriyapisal ve sievsel butinlgt icin
gerekmektedir. Dolaysiyla, Zn eksiinde bitkilerin biyime ve geglnesinde siddetli
azalmalar ortaya c¢ikar. Bitki turleri icinde gulay Zn eksikigine kagi ¢ok duyarh bir tur
olarak bilinir. Bitkilerin Zn eksikigine dayanikhigini belirleyen molekuler mekanizmalar
hakkinda ¢ok az bilgi bulunmaktadir. Burada sunulkan calgmasinin amaci secilgibir
modern ekmeklik bgday genotipinde dgsik dozlardaki Zn uygulamalari sonucu farkl
olarak ifade edilen cDNA parcgalarini incelemektu Bmag¢ dgrultusunda, belirli sayida
modern ekmeklik bgday genotipi kullanilarak bir tarama gahasi gerceklgirildi. Bu
tarama cagmasinda Zn eksilgdine dayaniklilik acisindan genotipsel olarak kagidzer bir
varyasyon gozlemlendi. Tuam ekmeklik modern gday genotipleri arasindan, c¢inko
eksikligine en dayanikh genotip olarak Bezostaja beliriend

Bu calgmada PCR’a dayali DNAsaretleyici yontemlerinden mRNA differential
display metodu kullanilarak, farkli ¢inko doz uygmoialari sonucunda secilen ekmeklik
bugday genotipinin ifade profili incelengtir. Bu metod arac ile, 20 farkl ifade edilen
cDNA parcasi g6zlemlengtir. 1zole edilen, klonlanan ve dizilimleri bulunan bu EDNA
parcasindan 14’0 daha onceden belirlgnnailkol dehidrogenaze, cystathionine gamma
synthase, ve cation diffusion facilitator familyamsporter iceren protein gilbazi protein
dizilimlerine benzerlik géstermtir.

Anahtar s6zcukler: Zn ile iliskili genler, Zn eksikigi, ekmeklik bigday, mRNA
differential display
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1 INTRODUCTION

Zinc is an essential trace element that is requoethe appropriate growth of humans,
animals and plants. Small but at the same time&alitconcentrations of zinc are needed for
humans, animals and plants in order to preveninipairments in number of physiological
process and cellular functions (Marschner, 199%rdasing evidence is available showing
that Zn deficiency is a critical micronutrient dadéincy problem for human beings and crop
production. During the past 20-30 years, widespdilation of high yielding cultivars and
high input cropping systems with monotonous croggias induced depletion of Zn in soils
and development of Zn deficiency in crop plantski@ak, 2002). Compared to the traditional
crops, many of the novel crop varieties are muchensensitive to zinc deficiency. The rise
of fertilizer utilization, specifically phosphordertilization induces zinc deficiency (Alloway,
2004).

There is huge need for increases in food produditomeet food demand of the
growing world population, especially in the devefap countries such as India, China,
Pakistan and several African countries. Togetheh wther micronutrient deficiencies Zn
deficiency represents an important constraint og @groduction (Alloway, 2004). It has been
estimated that nearly the half of the cereal-cated soils globally have Zn deficiency
problem (Graham and Welch, 1996). Zinc deficiery global nutritional occurring not
only in developing countries but also in majoritiytbe states in the USA, parts of Europe,
Australia (Hotz and Brown, 2004). Zinc deficiensyalso a critical nutritional problem in
soils and crop plants, affecting seriously cropdoaion especially in Central Anatolia
(Cakmak et al., 1996; 1999).

Thus, solutions are needed to minimize Zn defigienelated problems in crop

production and human health. One important solutmrthe problem is to develop new
genotypes having high capacity to tolerate Zn-dkficy and accumulate high amounts of Zn
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in grain. For a successful development of Zn effitigenotypes information is needed on the
physiological and molecular mechanisms affectingression of Zn deficiency tolerance and
deposition of Zn in grain. In this study, using deficiency tolerant wheat genotype, a
gualitative PCR based method has been conducteghito information on the molecular

mechanisms involved in expression of high Zn deficy tolerance.

16



2 OVERVIEW

2.1 Form and Function of Zinc in Plants

Firstly Raulin in 1869 observed that a common bnewdd; (Aspegillus niger) is not
able to grow in a Zn deficient medium. That expemnwas the first identification of the
biological role of Zn. Later on, in both animal apthnt tissue, Zn was understood to be
involved in various metabolic processes. Thesargslinitiated research on the role of Zn in
crop production, and in 1914, Zn deficiency wastlygr shown in plants (Maze, 1914).
Significance of Zn as being an essential elemenplants is demonstrated by Sommer and
Lipman (1926). Adverse impacts of Zn deficiencyapop production is now characterized as

one of the most common and significant micronutragficiencies.

Zinc is mainly taken up as a divalent cation{Znin long-distance transport in the
xylem Zn is either transported as divalent cati@dn’{) or as chelated with organic acids.
Like in xylem Zn probably makes complex with low-lecular-weight organic solutes in the
phloem sap (Kochian, 1991) where the Zn concentratiare pretty high. In leaves, the
majority of Zn is found in the form of storage nitproteins, free ions, low molecular
weight complexes, and finally found as integratetth well wall with being insoluble. Ligand
formation or by complexation with phosphorous (@|s&972) leads to the inactivation of Zn
inside the cell. From 58% to 91% of plant Zn maysbéuble displaying variance between
different plant species (Brown et al, 1993). The/gublogically active portion of Zn is
constituted by that water-soluble Zn section tealso considered to be the indicator of total
Zn status. The low molecular weight complexes ofaze the most active and frequently the

most predominant and ample forms of Zn (Alloway)20
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2.2 Low Molecular Weight Complexes and free Zn

Only a small portion of soluble Zn is fouradlte available as free Zn ions. Zinc is
generally found to be associated with low molecwarght anionic complexes. Soluble zinc
is substantially present as an anionic compoundcantingently attached to amino acids in
plant leaves. For instance, in lettuce, reducingass; amino acids and sulphur compose the
soluble Zn portion (Walker and Welch, 1987). Morequn leaf tissues of tomato, free Zn ion
level only forms the 5.8 % of total Zn that is IdBowen et al, 1962). The cell wall is
suggested to be involved in controlling the acgyiwif free Zn. The relative tolerance of
various species in response to abundant Zn is feuhe associated with affinity of cell wall
extracts for free Zn. (Turner, 1970). Diverse ofl eall constituents including cellulose,
hemicellulose, and lignin have a high binding affito Zn (Torre et al. 1991). In accordance
with this, 90% or more of the total Zn in rootsassumed to be adsorbed in the apoplast of
cortical and rhizodermal cells (Schmid et al. 19G9)ere are, however, controversial results
in literature on the physiological importancetwé binding of Zn to cell wall (Wainright and
Woolhouse, 1978).

Low molecular weight Zn complexes may make Zn agysjgtogically active
macromolecules if these complexes are presentneiderable amounts. Easy degradation of
the low molecular weight Zn complexes provides pig/siological effectiveness of Zn.
Moreover, Zn that is associated with enzymes ie atssidered as ‘physiologically active
(Olsen, 1972; Cakmak et al., 1997). Although lowlenalar weight Zn-ligands do not
possibly have enough specificity or activity to fpem a considerable catalytic function in
higher plants (Walker and Welch,1987) these congdemay have catalytic activities like
amide hydrolysis by Cu and Zn (Groves and Dias, 1979

Finally, low molecular weight ligands may functioim detoxification of Zn.
Phytochelatins that are isolated by Grill et abg§8) are one of the examples of diverse
ligands which may behave as a buffer system forordosy the redundant metal
concentrations in the cell. Phytochelatins that anthesized against the excess levels of
heavy metals including Zn, Cd, and Hg are ‘low roalar weight metal-binding peptides’
identified in a broad range of species.

18



2.3 Zinc Containing Enzymes

Zinc establishes tetrahedral complexes with N-, aDd especially with S-ligands
which are involved in metabolic functions of Zna\hoth its catalytic and structural function,
Zn greatly influences various enzymatic reactiasc atom is connected to four ligands; one
of which is the water molecule with three other manacids including generally the histidine
(His), glutamine (Glu) and asparagine (Asp) in engg associated with the catalytic role of
Zn. Zinc atoms are attached to four S- groupsysfaine residues with a high stable tertiary
structure in enzymes that are associated withtstraicroles of Zn such as the proteins taking
Zinc has been shown to have a significant functiowarious important enzyme systems
(Srivastrava and Gupta,1996) that are;

» Carbonic anhydrase ,

» Several dehydrogenases: alcohol dehydrogenasangtutdehydrogenase, L - lactic
Dehydrogenase malic dehydrogenase, D - glyceratiehy - phosphate dehydrogenase, and
D - lactate dehydrogenase,

= Aldolase,

» Carboxypeptidase,

= Alkaline phosphatase,

*» Phospholipase

» Superoxide dismutase (converts superoxide radiodigdrogen peroxide and water),

* RNA polymerase

Ribulose bi - phosphate carboxylase (significate m formation of starch)

Alcohol dehydrogenase enzyme is the enzyme thatarmntwo Zn atoms per
molecule. One of the Zn atom possesses the catabie and the other atom is associated
with structural function (Coleman, 1992).The alcbtiehydrogenase enzyme is responsible
for reducing the acetaldehyde to ethanol. Undeolaerconditions, the ethanol formation
generally occurs in meristematic tissues like @ates in higher plants. The activity of the
alcohol dehydrogenase is observed to be reducesdponse to Zn deficiency in plants.
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In Cu-Zn-Superoxide dismutase (Cu/Zn-SOD) Zn hascttral function while Cu is
associated with a catalytic role. Consequentlyd&ficiency reduces activity of SOD activity
in biological systems and resupply of Zn to Zn-ciefit tissues re-activate enzyme (Vaughan
et al. 1982). The decline in the activity of SODresponse to Zn deficiency is substantial
resulting in the membrane damage by free radicHige production of @ (superoxide
radical) is observed to be enhanced with the deerga SOD activity. The peroxidation of
membrane lipids occur due to the excess level pémaxide radicals and other free radicals
produced from @' such as hydroxyl radical, OKCakmak and Marschner, 1988 a,b).

2.4 Physiological Functions of Zinc

2.4.1 Carbohydrate Metabolism

2.4.1.1 Photosynthesis

Photosynthesis and sugar transformations regatbengarbohydrate metabolism are
influenced by the Zn status of plants.

Depending on the severity of Zn deficiency and tye of plant species, the net
photosynthesis may be diminished by 50% to 70% o@dly, 2004). . One of the
photosynthetic enzymes affected by Zn deficiencgagbonic anhydrases (CA). Its decline
under Zn deficiency is one major reason for the déficiency-induced photosynthesis
(Marschner, 1995). Compared to the monocotyleddis)tyledons possess a larger CA
molecule incorporating more Zn; six Zn atoms petemwle (Tobin, 1970). In response to Zn
deficiency stress, a pronounced reduction of theaC#vity is observed (Ohki, 1976). The
decline in the CA activity influences also the aarldioxide assimilation pathway. Carbonic
anhydrase is regarded to take place in photosyistbé<4 plants but the role of the CA in
C3 plants which possess the simplest mechanismhotopynthesis is uncertain. Thus,
although Zn deficiency is observed to diminish tpeotosynthesis in all plants, the
significance of the CA contribution to that redoctis not same for C3 and C4 plants.
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Ribulose 1, 5 — biphosphate carboxylase (RuBP@nather Zn associated enzyme
that takes place in photosynthesis. The enzymavisiied in photosynthesis via catalyzing
the initial step of carbon dioxide fixation. Thetigity of RUBPC is found to decrease in
response to Zn deficiency in navy bean (Brown €1 293).

The decline in chloroplast content in additionite ftbnormal structure of chloroplast
is the other factors that lead to the decreasehénraite of photosynthesis. Certainly, a
peroxidative damage to chloroplast constituentZingleficiency induced free radicals would
be a further reason for decline in photosynthadiar¢chner and Cakmak, 1989; Marschner,
1995).

2.4.1.2 Protein Metabolism

In Zn deficient plants, protein synthesis is seleighibited resulting in very low
levels of total amount of protein. Consequentlyjsa in concentration of free amino acids
measured by HPLC is increased in the leaves of pdaris in response to Zn deficiency.
When the bean leaves are resupplied with Zn, a detynct decrease is observed in the
concentration of free amino acids within 48 ho@akmak et al., 1989). The concurrent rise
in protein concentration is associated with thatrel@se in free amino acid levels in response
to Zn re-supply, indicating a direct role of Znprotein biosynthesis (Cakmak et al., 1989).
There is also a pronounced decline in RNA concéatrae and severe deformations of
ribosomes under Zn deficiency that can also impaitein synthesis (Prask and Plocke, 1971;
Kitagishi and Obata, 1986). In response to Zn @iy, the RNA level and the free 80S
ribosomes are found to be remarkably declined m tice seedlings’ meristem tissue
(Kitagishi et al., 1987).

Zinc is essential for the activity of RNA polymeea@alchuk et al., 1978; Jendrisak
and Burgess, 1975). In higher plants, the actwitiRNase is observed to be enhanced in Zn
deficient conditions, and the enzyme activity is@tved to be reduced when Zn is present
(Dwivedi and Takkar, 1974). Accordingly, the redontin RNA level is one important
consequence of zinc deficiency stress in plantsveNkeless, in rice and pearl millet
seedlings, before the rise in RNase level, theimecin RNA level can be observed
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(Seethambaram and Das, 1984). Thus, compared tdtstheffect on RNase activity, Zn

deficiency seems to influence more the biosynthesSRNA. The meristematic tissues where
active synthesis of proteins occurs need high agragons of Zn (Brown et al., 1993). Zinc
is also associated with providing stability and dion of genetic materials in protein

metabolism (Alloway, 2004).

2.4.2 Membrane Integrity

Both in animals and plants Zn is thought to be @ssed with membranes. Compared
to the Zn sufficient conditions, huge amount®&#® leakage is observed from the roots of
wheat in Zn deficient conditions (Welch et al.,, 288indicating higher membrane
permeability. Moreover enhanced root exudation fstigars, amino acids and phenolics is
observed in Zn deficient plants (Cakmak and Marechh988a). The leakage of compounds
from Zn-deficient root is declined in responsetie twelve hour resupply of Zn to deficient
plants. Thus, Zn has been suggested to have eatrtle in maintaining the structural and
functional integrity of cell membranes (Welch et 4B82; Cakmak and Marschner, 1988a).

Via its interaction with phospholipids and membrameotein sulfhydryl groups
(Chvapil, 1973), Zn is considered to be necessargtrengthening the biomembranes. The
earliest biochemical alteration observed in Zn defit animal cells is the impairment of
membrane integrity (Bettger and O’Dell, 1981). Tetoxification and the production of free
radicals that destroy thmilfhydryl groups and membrane lipids are catalyzgd@n and Zn-
containing enzymes such as SOD, in addition tetitgctural role as being a component of
biomembranes. In Zn deficient conditions, greakelesf superoxide radical is detected in
plant roots (Cakmak and Marschner, 1988 b,c). &ffect of G in terms of membrane
damage is found to be inhibited by the presencgnofBesides its function in SOD, Zn has
also an inhibitory effects on O -generating NADPH oxidase (Cakmak and Marschner,
1988bc; Cakmak, 2000). By increasing SOD activitg @nhibiting Q™ -generating NADPH
oxidase activity, Zn protects cell membranes froeropidative attack of free radicals
(Cakmak, 2000).
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Zn deficiency also results in a decline in the\attiof the catalase enzyme that has a
function of scavenging the B, (Cakmak and Marschner, 1988c). Thus, @& or O*
derived harmful radicalsperoxidative damage’ of biomembranes is a typichénomena
occurring under Zn deficiency. Accordingly, the Kage of the organic and inorganic
substances from root cells is considered to beeto the membrane damage (Welch et al.,
1982; Cakmak and Marschner, 1988a).

2.4.3 Auxin Metabolism

Zinc nutritional status of plants greatly affectsyfphormone metabolism of plants
(Brown et al., 1993). Zinc is known for its wekstribed role in  synthesis of the indole
acetic acid hormone (IAA), a natural auxin hormaReduction in level of auxine hormone is
associated with the characteristic morphologicadnges in Zn deficient plants such as
stunted growth and little leaf. The increased degtian of IAA or the prevention of IAA
synthesis may be responsible for the low leveld A& in plants that are Zn deficient
(Marschner, 1995). For biosynthesis of |A#yptophan is found to be the most probable
precursor, and the evidence available in literaindecates that Zn is needed for biosynthesis
of tryptophan (Brown et al., 1993). However, acoagdo Cakmak et al (1989) low levels of
IAA in Zn-deficient plants is not a result of inltdd IAA biosynthesis; it is rather a result of
IAA degradation by Zn deficiency-induced free radsc

2.4.4 Reproduction

In peas, beans and other plants, seed productefiawering are observed to be
declined in response to Zn deficiency (Brown et93). Rather than the size of the seed or
dry matter production, the number of the infloreseand yield of seed are enhanced when
the Zn deficient subterranean clovers are re-segplith Zn. (Riceman and Jones, 1959).
The damage to the anther and pollen grain physyodmg development in addition to the
accrued formation of abscissic acid associated pviémature loss of leaves and flower buds
are considered to be the factors that lead to ¢obn@ in seed generation in response to Zn
deficiency. The uncommon pollen grains in additiothe development of small anthers are
observed in wheat plants in response to Zn defigi¢8harma et al., 1979).
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2.5 Mechanisms of Zinc Uptake by Plants

Zinc is absorbed mainly in the form of Znfrom the soil by the plant roots. A
thermodynamically passive transport of Zn towardsrge electrical potential takes place
across the plasma membrane (Kochian, 199ther than the Poaceae family, in dicotyledons
and monocotyledons , the motive force that medittesZn transport with the help of the
divalent cation channel is that plasma membranathegelectrical potential. In Poaceae, in
response to the zinc or iron deficiency, the r@ots able to release non-protein amino acids
namely; ‘phytosiderophores’ or ‘phytometallophor@slarschner, 1995). These non-protein
amino acids that make complex with Zn mediate therZnsport to the outer part of the root
plasma membrane in Poaceae family (Kochian, 1998 transport of Zn and the
phytosiderophore complex occurs with the help dhatransporter protein. At high pH, Zn is
taken up as Zfior as Zn(OH). Metabolic control and the direct root contact #re factors
that determine the Zn uptake considering the lowceatrations of Zn in the soil solution.
Between the uptake of zinc and other micronutriemt&ide range of interactions occur such
as between Zn and Cu or Zn and Fe. All these mitr@mts interacting with each other are
suggested to be taken up via the same carrier, siteaning that the each micronutrient
prevents uptake of another. Enhanced uptake angradation of Fe or Cd in Zn deficient
plants seems to be a consequence of the compdttidime same transporter protein (Hardt et
al., 1998, 2002; Cakmak 2000).

The transportation of Zn takes place in the fornZof" or in the form of complex
with organic acids. Zn translocation takes placsai@s the shoot tissues in response to a
requirement otherwise, the accumulation of Zn oecir the root tissues. The partial
translocation of Zn occurs towards the developingans from the old leaves (Marschner,
1995; Alloway, 2004).
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2.6 Zinc Deficiency Tolerance Mechanisms in Wheat

There are number of papers showing existence @irge lgenetic variation for Zn
deficiency tolerance between and among the wheatiesp when grown on zinc deficient
calcareous soils in Central Anatolia (Cakmak, 200@hen compared to bread wheat, durum
wheat is particularly sensitive to Zn deficiencye(igel and Graham, 1995; Cakmak et al.,
1996). There is also an impressive genetic vanaitiotolerance to Zn deficiency among the
bread wheat genotypes. From the cereal speciesndwheat has been found to be the most
susceptible cereal species whereas rye was foulhg the most resistant cereal species in
response to Zn deficiency. The order of increasitgrance to Zn deficiency is; durum wheat
< oat < bread wheat < barley < triticale (a rye amat cross) < rye (Cakmak et al., 1997).

It seems that there is not only a single mechaifecting Zn deficiency tolerance to
Zn deficiency. Several physiological mechanismsehlaeen described in literature occurring
both during root uptake of Zn and at cellular leiwrelplant tissue (Cakmak et al., 1998).
Generally, Zn deficiency tolerant and sensitive algpes are not different in total
concentration of Zn in tissue which may indicatiedential utilization of Zn at cellular level
(Cakmak et al.,, 1997). The increased activity ofr&quiring enzymes such as Cu/Zn
superoxide dismutase in addition to the carbonitydrase in wheat is found to be associated
with Zn efficiency by Hacisalihoglu et al. (2008)nder insufficient Zn supply, Zn deficiency
tolerant genotypes may succeed to continue theitgctif these two enzymes in addition to
other Zn-requiring enzymes. Between the Zn defmyeimlerance and root uptake of Zn with
translocation of Zn from the root to shoot, no cextion is detected by Hacisalihoglu et al.
(2003).

The increased uptake of Zn via roots in additionhe cell level utilization of Zn are
the main possible mechanisms that may constphigsiological basis of Zn deficiency
tolerance although the efficiency mechanism is faly understood (Cakmak, 2000). The
increased activity of Zn-requiring enzymes suclca&Zn superoxide dismutase in addition to
the carbonic anhydrase in wheat is found to becszsgtsal with Zn efficiency by Hacisalihoglu
et al. (2003). Under insufficient Zn supply, Zn idefncy tolerant genotypes may succeed to
continue the activity of these two enzymes in additto other Zn-requiring enzymes.
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Between the Zn deficiency tolerance and root uptEkén with translocation of Zn from the

root to shoot, no connection is detected by Hatisglu et al. (2003).

According to short term uptake experiments, diffiees in root uptake rate of Zn
seem to be also important in differential exprassibZn deficiency tolerance between cereal
species (Erenoglu et al., 1999). Differential res@of maize, sorghum, rice, oat and wheat
to Zn deficiency may be attributable to their roadgferential release of Zn mobilizing
compounds; phytosiderophores (phytometallophorBsg. solubility and mobility of Zn are
shown to be increased by release phytosiderophfsoes their roots in Zn deficient
conditions of calcareous soils (Cakmak et al., J9B4seems that the mechanisms affecting
root uptake and seed deposition of Zn are differ@enerally, high tolerance to Zn deficiency
is not associated with correspondingly high conegians of Zn in grain. In most cases, high
Zn deficiency tolerance is ascribed to better zdtion of Zn in tissue, not high Zn

concentrations in tissue (Cakmak et al., 1998; 1999
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2.7 Differential Display Technique

At any given time, in any individual cell not @f the genes are expressed. All life
processes including the development, differentmtiand homeostasis are determined
according to the selective expression of genesrétions in gene expressions are the key
factors that determine both the flow of normal depeent in addition to the pathological
modifications in organisms including plant systeffkerefore, in different cell types or in
response to changed conditions, the search isntb dfficient methods for detecting and
isolating differentially expressed genes.

Both the types and the quantities of mMRNA and pmeteeflect the activities of genes.
There was need for a technique that possessesisaioperties such as the representation of
the majority of mMRNA in a cell, great reproducitylithe act of allowing side-by-side mRNA
comparisons from various sources or conditiongidsimple and quick, and the convenience

for isolation of the genes (Croy and Pardee, 1983).

Differential display or DDRT-PCR name was givenaiig and Pardee, 1992; Liang et
al., 1992; Liang et al., 1993) to the method thas weveloped based on the polymerase chain
reaction. Differentially expressed genes associatddthe mRNA can be easily detected via
that elastic and sensitive method. The method slithe cloning of the selected DNA, after
the detection of differentially expressed gene®a@ated with the identification of mMRNA
species that display alterations in different typdseukaryotic cells or in same cells of

different conditions in terms of absence or presenc
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Figure 1: Schematic representation of differential displagtimd

One of the various aims that the differential dagplechnique can be utilized for is to
elucidate the sub-groups of mMRNAs, short cDNAsherwhole mRNA composition of cells.
The sequencing of the selected cDNAs may be peddmapidly. The sequences obtained for
each differentially mRNAs may then be compared whh known sequences from databanks.
The differential display technique is advantagesinse a little quantity of total RNA, little
micrograms are sufficient for the utilization oétimethod. In addition to that, there is no need
for waiting until the end of differential displayrqredure to detect any problem with the
procedure because at every stage there is a ct@mnoetrol the procedure.

In the literature, there are studies utilizing th#ferential display technique both in
plant and other mammalian systems. For exampleeffexts of Cd on gene expression
profile of a liverwort,Lunularia cruciata was studied via utilizing mRNA differential disgla
method by Basile et al. (2005). They isolated ameniified four genes that are altered
associated with differential application of Cd olants. In addition to that study, another
study was also performed in whiéinabidopsis thaliana plants were grown in the presence of
Cd (Suzuki et al. 2001). In order to detect tHuence of Cd orArabidopsis thaliana gene
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expression profile, they adopted the fluorescetffi¢rdintial display technique; known to be a
strong method for visualizing the differential geeepression (ltcet al. 1994; Haraet al.
2000). Another study that is performed by Carginateal.(2002) utilized the mRNA
differential display method in order to observe #iffects of under-lethal doses Cd on gene
expression profile of Antarctic fisiChionodraco hamatus. They identified seven cDNA
fragments that are altered when treated with caehmilihis method was also applied to
durum wheat (Cebeci et al., 2006) to identify difatial expression of wheat transcriptomes
in response varying Cd concentrations. They idextiNADH dehydrogenase subunit 1,
PsaC gene encoding photosystem 1 genes. In thenpresidy we have used same technique
to study gene expression in a Zn deficiency tolkenaheat genotype grown in varying

conditions of Zn.
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3 MATERIALS AND METHODS

3.1 Materials

3.1.1 Plant Material

In the screening phase of the experiment, 15 bndwcht cultivars were used. All plant
materials were provided by the BD International igitural Research Institute located in
Konya.

3.1.2 Chemicals

The chemicals and kits used in this study aredigh the Appendix A.1.

3.1.3 Growth Media, Buffers and Solutions

The growth media, buffers, and solutions usedim $tudy were prepared according to
the protocols as outlined by Sambralal., 2001.

3.1.4 Equipment

Equipments used in this research are listed ineApx A.2.

30



3.2 Methods

3.2.1Plant Growth Conditions and Zinc Treatments

3.2.1.1 Screening Experiment: Soil Culture

Zinc deficient soil (0.1 mg Zn K soil) that is provided from Eskisehir -Central
Anatolia was used for the screening experimente 3ail had a ; pH of 8.04, with 14.9 %,
CaCQ, 0.69 %, organic matter 0.08 % salt and 60.6 % ctaytent. Before sowing the plant
seeds, for preventing any possible element contgtioim pots were washed with diluted HCI
and rinsed with water for many times The seedslaritp were sown in plastic pots that had
1700 g soil. In each pot, nearly 15 seeds were dawmafter the seedlings growth, they were
declined to 10 per a pot. The same basal treatmie800 mg N kg soil in the form of
Ca(NQy),, 100 mg P kg soil in the form of KHPQ,, 125 mg K kg soil in the form of
KH2PQy, 20 mg S kg soil in the form of CaS©2H,0, 2.5 mg Fe k§soil in the form of Fe-
EDTA (CioHi2FeNoNaGs) is was applied to the plants. Control plants weeated with Zn
but stressed plants were not treated with Zn. @bptants were supplied with 5 mg kgoil
Zn in the form of ZnSQ7H,0. Before sowing the seeds, the soil is mixed elytiwith all
nutrients. There were 3 replicates for each treatnt@r every 5-6 days, the randomization of
the pots was done. Plants were watered daily weibrized water. When the leaf symptoms
of Zn deficiency became evident, the shoot parthef36-day old plants were harvested. In
order to determine the element concentration aryd namtter production, harvested plant
shoots were dried at 70 °C.

3.2.1.2 Nutrient Solution Experiments

The germination of the seeds was realized in atp®ddium with the addition of
saturated CaSQOFollowing 6 days of germination, The seedlingsehbeen transferred into
2.5 L plastic pots including the steady aeratedientt solutions. The nutrient solution
contained the following micro and macronutrients880mM KSOy, 2 mM Ca(NQ),, 0.2
mM KH>PQ,, 1.0
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mM MgSQ,, 0.1 mM KCI, 100uM Fe-EDTA, 1.0uM H3BOsz;, 1.0 uM MnSQy, 0.2 uM
CuSQ, and0.02 uM (NH)sM07024. Plants were supplied with 5 different Zn applicas in
form of ZnSQ. These treatments were; -Zn (very severe Zn defigie 10° M Zn (severe Zn
deficiency), 10 M Zn (moderate Zn deficiency), M zn (adequate zn supply), T zn
(toxic Zn dose).

Plants are then allowed to be grofen13 days in a growth chamber under controlled
conditions (light/dark regime 16/8 h, temperatu#22°C, relative humidity 60/70%, and
photon flux density of 600-700mol m?s™).

The root and shoot sections of plants were hardestparately when the leaf
symptoms of Zn deficiency appeared on wheat plafngsvested plants were immediately
frozen in liquid nitrogen and kept at -80°C untiblecular analysis. To minimize nutrient
contamination of root surfaces, roots were washild @eionized water before storage and
then dried on a sterile filter paper.

3.2.2 Total RNA Isolation

With nearly 1.7 ml Biozol (Biogen), 350 mg leafstie was ground without liquid
nitrogen. With liquid nitrogen, nearly 500 mg rd@&sue was grounded with 1.7 ml Biozol
(Biogen). Into an eppendorf tube, around 1 ml & sample ground in biozol was placed.
While operating the other samples, the sample Wawed to be stored on ice. The samples
were incubated at room temperature for 10 minufees processing all the samples. 0.4 ml
chloroform was added to the samples and the tuleye whaken and incubated at room
temperature for 5 minutes. Then, the centrifugatibsamples was done at 12,000 rpm for 15
minutes at 4°C. To a fresh eppendorf tube, therdpger incorporating RNA was transferred.
For precipitating the RNA, 0.5 ml isopropanol wakled to the samples after chloroform
extraction. At room temperature, for 10 min, saraplere incubated. After room temperature
incubation, the samples were spun at 12,000 rpmi@omin at 4°C. Then with 1 ml 75%
ethanol the RNA pellets were washed. Via vortexsegnples were mixed and then spun at
7,500 rpm for 5 min at 4°C. At room temperature I minutes, the RNA pellets were
allowed to be dried. Finally, depending on the safe the pellet, 30-60ul diethyl
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pyrocarbonate (DEPC)-treated waterCHl or formamide was added to tubes containing the
RNA pellets and for dissolving the pellets the sE®pvere let to be incubated in the 55°C

heating block for an hour .

The concentration measurements of RNA samples &t rit6 wavelength were
performed via using the NanoDrop spectrophotomé&i@r.the subsequent molecular studies,

the samples were kept either at -20 °C for shont-t& at -80 °C for long-term storage.

3.2.3 Dnase- | Treatment

In order to get rid of any possible chromosomal Ddbxtamination, isolated RNAs
were treated with Dnase | (Fermentas). 10 uniBrafse | enzyme was used for g of total
RNA. The reactions that contained RNA samples, PriaslX Reaction Buffer including

MgCl,, were incubated at 37 °C for 30 minutes.

Then, ethanol precipitation of RNA samples werdqgrered via mixing RNA with 0.1
volumes of 3 M NaOAc at pH 5.2 and 2 volumes oflcbd0 % ethanol. Then the reactions
were allowed for incubation at -80 °C for 1 hour arernight. The samples were then
centrifuged at 4 °C and the supernatant was eltedhaVith using 0.5 ml 70 % cold ethanol,
the pellets were washed. For about 10 minutes,peiets were let to be air-dried. The
concentration measurements of RNA samples at 260vanelength were performed via
using the NanoDrop spectrophotometer. For the sules¢ molecular studies, the samples
were kept either at -20 °C for short-term or at®Bdor long-term storage.

3.2.4 cDNA Synthesis

In order to check the quality of RNA in terms ottpresence of degradation, 2%
agarose gel was utilized for visualization. Thea wsing the Omniscript reverse transcription
kit (Qiagen), the first strand of cDNA was syntlzesi. In order to use in reverse transcription
reaction, OligodT primers were purchased from hogen (0.5ug /ul). In a 20 ul total
volume, the reverse transcription reaction wasgearéd in the presence of 1X Buffer RT,
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0.5 mM dNTP mix, 0.5ug oligo(dT)2.1s primer, 10 u RNaseOUY Recombinant
Ribonuclease Inhibitor, 22 DNase I-treated RNA sample and 4 u Omniscript eiRey
Transcriptase. At 37 °C in water bath for about fr##@utes, the reactions were allowed for

incubation, then the cDNA samples were kept a@for subsequent molecular studies.
3.2.5mRNA Differential Display

9 different P and T primers of differential displéschnique were purchased from
Biogen. 20ul PCR reactions were performed via using the switlee cDNAs as template

with utilizing different combinations of P and Timpers. The sequences of “P” and “T”

primers are listed in Table 1.

Table 1: Primers used in mRNA differential display

Primer designation Sequence (5’ -3")

P1 ATT AAC CCT CACTAAATG CTG GGG A

P2 ATT AAC CCT CAC TAA ATC GGT CAT AG

P3 ATT AAC CCT CACTAAATGCTG GTG G

P4 ATT AAC CCT CACTAAATGCTG GTAG

P5 ATT AAC CCT CACTAAAGATCT GACTG

P6 ATT AAC CCT CACTAAATG CTG GGT G

P7 ATT AAC CCT CACTAAATGCTG TAT G

P9 ATT AAC CCT CACTAAATG TGG CAG G

T1 CAT TAT GCT GAG TGATATCTTTTT TTT TAA
T2 CAT TAT GCT GAG TGATATCTTTTTTTT TAC
T3 CAT TAT GCT GAG TGATATCTTTTTTTT TAG
T4 CAT TAT GCT GAG TGATATCTTTTTTTT TCA
T5 CAT TAT GCT GAG TGATATCTTTTTTTT TCC
T6 CAT TAT GCT GAG TGATATCTTTTTTTIT TCG
T7 CAT TAT GCT GAG TGATATCTTTTTTTT TGA
T8 CAT TAT GCT GAG TGATATCTTTTTTTIT TGC
T9 CAT TAT GCT GAG TGATATCTTTTTTTT TGG
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Each PCR reaction components were; d.{hearly 800 ng) first strand cDNA, |2
10X PCR buffer (without MgG), 2.5 mM MgC} 0.2 mM dNTP mix, 0.2uM of P primer ,
0.25 uM of T primer, 0.5 unit Tag DNA polymerase (PromegA DNA thermocycler
GeneAmp PCR System 9700 (PE Applied Biosystems) wgasl in each of 2Ql reaction
with conditions written in Table 2.

Table 2 PCR Reaction Conditions

1. Heating Lid T =105°C

2. Denaturation : T =94°C :0400 min
3.Non-specific annealing: T =40°C 0:05n00

4. Extension: T=C2° 0:05:00 min
5. Denaturation: T =94°C 0:01:00 min
6.Non-specific annealing: T =40°C 0:01n0

7. Extension: T=C2° 0:05:00 min

8. GOTO 5 Repeat cycle 1 time

9. Denaturation: T =94°C 0:00:30 s
10. Annealing: T =58°C 0:00:30 s
11. Extension: T=C€2° 0:02:00 min

12.GOTO 9 Repeat cycle 29 times

13. Final elongation T =72°C 0:07:00 min

The PCR products were separated via agarose géigglaoresis utilizing 2% agarose
gel and 0.5 X TBE buffer. For visualization of ttleNA fragments ethidium bromide

staining was used.
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3.2.6DNA Gel Extraction from Agarose Gels

From 2% agarose gels, differentially expressed cidAds were excised with a clean
scalpel. QlIAquick gel extraction kit (Qiagen) wdsized for purification of the cDNA bands
according to the manufacturer’s protocol. Thensdwaples were eluted in 35-4Q
deionized autoclaved water. Then the absorbaneadaf cDNA fragments at 260 nm was

determined via using a NanoDrop spectrophotométez.samples were kept at -20 °C.

3.2.7Ligation

PGEM®-T Vector System | (Promega) was utilized in liggtthe purified cDNA
fragment. The 1QL of reaction contained theub 2X ligation buffer, 1pL 50 ng vector,
cDNA insert, 1 pL. 3 unit T4 ligase enzyme and water. The ligatigiassTA cloning were
performed with both the insert-vector ratios oft and 5:1. The manufacturer’s protocol was
performed for the application of ligation reactiofi$ie ligation reactions were either allowed
to be incubated for 1-2 hour at room temperatur@vernight at 4 °C if the maximum number

of transformants was required.

3.2.8Transformation

DH5a strain and TOP10F' dEscherichia coli chemicallycompetent cells were used
in transformation reactions. @ of ligation reaction was gently put into 20 chemically
competent cells and the mixture was incubated erfac 20 minutes. The tubes that contain
the sample mixture were incubated at 42 °C for &fbds for heat shocking the cells. The
samples were then incubated on ice for 2 minut8.. @& SOC medium was added to the
samples and they were allowed to be incubated drduB hour at 37 °C. After the
centrifugation of the bacterial cells at 5,000 fanabout 3 minutes, the excessive amount of
supernatant was eliminated. After the suspensiobacterial cells in around the remaining
150 uL SOC medium, bacterial cells were spread on LBegléhat include ampicillin, IPTG,
and X-Gal. Then at 37 °C for 16-24 hours, the fiamnsation plates were incubated.
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3.2.9Colony Selection

By exploiting the blue/white selection property the pGEM®-T Vector System |
positive white clones were chosen. The selectémh@s are allowed to be grown in another
LB plates for plasmid isolation.

3.2.10 Colony PCR

In colony PCR reaction, the same combinations whgns utilized in amplification of
cDNA fragments were exploited in order to verife texistence of the cDNA fragments in the

expected sizes.

3.2.11 Plasmid Isolation

3 mL LB broth medium that incorporates L@@ mL ampicillin was used to incubate
the selected white colonies. With shaking at aro2r@d rpm for 12-16 hours, the cells were
incubated at 37 °C. At room temperature, the degtion of the bacterial cells at 8,50@ x
for around 3 minutes took place after the overnigiaubation period. According to the
manufacturer’s protocol, plasmid isolations werefgrened via utilizing the QIQprépSpin
Miniprep Kit (Qiagen). The elution of the plasmidnsples were finally performed in 35-40
uL autoclaved deionized water. Via using a NanoDspectrophotometer, the absorbance of
samples at 260 nm was determined. The samples kepteat -20 °C until the sequencing

reactions.

3.2.12 Sequencing
Considering the differential expression of cDNA thanbetween plants that are

exposed to different doses Zn applications, 20 edomere selected and sent to Mclab
sequencing (USA) company for sequencing purpose.
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4 RESULTS

4.1 Plant Gretlwand Zinc Concentrations

4.1.1 Screening,Greenhouse Experiment

Fifteen cultivated bread wheat genotypes were grawrsoil culture in order to
evaluate their Zn efficiency under Zn deficient dions in greenhouse. By using the dry
matter production of genotypes tested, Zn defigignterance indices were calculated.

4.1.2 Dry Matter Production and Zn Deficiency Tolerance hdex

Commonly, middle-aged or young leaves develop fsgght chlorosis and then
necrotic spots when plants suffer from Zn deficiesicess, indicating that Zn is not mobile in
plants; the symptoms first appear in young leavidg old leaves also become entirely
chlorotic and short when the Zn deficiency becomesy severe. The leaves are then
collapsed in the middle as the necrosis becomes s®vrere. Zinc deficiency stress was also
associated with significant decreases in shoot tirowhe necrotic spots on leaves were also
detected in almost all genotypes. Among the gemstyiested, 00 KE, Cetinel-2000 and
Dagdas genotypes were less affected from Zn datgiewhile the genotypes BDME-10,
Bagci, and Soyer-02 were particularly sensitive tod2ficiency regarding the severity of Zn
deficiency leaf symptoms.
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The ratio of shoot dry weight in Zn deficient plant the shoot dry weight in control
plants with sufficient Zn supply is generally usesla parameter for Zn deficiency tolerance
index. Based on this parameter there was a comdildevariation among the 15 bread wheat
genotype (Table 3). Considering the tolerance ewliBBezostaja, Dagdas and Alpu were
evaluated as promising genotypes regarding théeraoce to Zn deficiency in controlled
greenhouse conditions. Bezostaja genotype was ftmurmsk the most tolerant bread wheat
considering its tolerance index. &a, Karahan and Ahmeta genotypes were found to be
most susceptible genotypes based on their calculatlerance indices. The dry matter

production and Zn tolerance index of the plantsgaren in Table 3.

Table 3 The dry matter production and calculated Zn tolee index of different bread
wheat genotypes grown in greenhouse in a Zn deficelcareous soil with +Zn and without

(-Zn) supply for 35 days.

Dry matter production and Zn efficiency
Genotypes -Zn +Zn Zn Efficieng
(g plan’) (%)

Bezostaya-1 0,54 + 0,05 0,55 + 0,03 99
Dagdas 0,47 = 0,04 0,49 + 0,04 97
Alpu 01 0,48 + 0,02 0,51 + 0,03 95
Yakar 0,42 = 0,00 0,46 + 0,03 91
Cetinel 2000 0,44 + 0,01 0,49 + 0,02 91
03 SE 18 SEAC 0,49 = 0,02 0,54 + 0,03 90
ES-14 0,34 = 0,02 0,40 + 0,01 85
Yildiz 98 0,40 = 0,02 0,48 + 0,02 83
Ziyabey 0,39 = 0,01 0,48 + 0,02 83
00 KE 3 KEAC 0,47 = 0,02 0,57 + 0,02 82
Kirgiz 95 0,46 = 0,02 0,56 + 0,03 82
[zmir 85 0,44 = 0,04 0,57 + 0,06 76
Soyer 02 0,40 = 0,02 0,52 + 0,03 76
BDME-10 0,37 = 0,04 0,51 + 0,01 74
Ahmetaia 0,41 = 0,16 0,56 + 0,05 73
Karahan 0,55 + 0,10 0,91 + 0,06 60
Bagci 0,41 + 0,01 0,69 + 0,08 60
Average 0,44 0,55 82

In response to Zn deficiency, the average decrieasi@oot dry matter was found to be
82%. Bezostaja, Dagdas and Alpu had tolerance esdaf 99, 97, and 95%, respectively
whereas in Bagci, Karahan and BDME-10 the toleranckces were 60, 60 and 74 %,

respectively. Preharvest pictures of extreme ggmastyare shown in Figure 4 and 5.
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Figure 2: Growth of Zn deficiency-tolerant cultivated bregehotypes on a Zn-deficient soil.
Picture has been made before harvesting.

Figure 3: Growth of Zn deficiency-intolerant cultivated bregdnotypes on a Zn-deficient
soil. Picture has been made before harvesting

Figure 4: Growth of Zn deficiency-tolerant cultivated bregehotype; Bezostaja on a Zn-
deficient soil. Picture has been made before hénges
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Figure 5: Growth of Zn-inefficient cultivated bread genoty@®DME-10 on a Zn-deficient
soil. Picture has been made before harvesting.

Based on the results described above and congiddrénresults from previous field
trials (Kalayci et al., 1998), Bezostaja and BDM&were selected as a Zn-efficient and Zn-
inefficient bread wheat genotypes. Howeer,the molecular studiesur focus was on Zn-
efficient plants to identify gene and gene groups, thus wWeng grown in nutrient solution in

a growth chamber with controlled environmental abons.
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4.1.3 Element Analysis

By using ICP/OES (inductively coupled plasma optieanission spectrometer),
micronutrient concentration of plants have beensuesl ands here only the results of Zn and
Fe concentrations were presented. The analysomg performed for the shoot sections of
the wheat plants. The shoot concentrations of ZhFEwere shown in Table 4 in which the

genotypes are ordered according to their decreasiegnce indices

Table 4: Shoot Zn and Fe concentrations of cultivated bnehdat genotypes both in Zn
deficient and sufficient growth conditions.

Shoot Zn concentration Shoot Fe concentration Zn Efficiency
Genotypes -Zn +Zn -Zn +7n (%)
(mg k¢* DM) (mg k¢* DM)

Bezostaya-1 73+ 0,6 452 + 0,9 86,1 + 8,8 52,8 £ 0,6 99
Dagdas 9,0+ 0,8 41,1+ 5,0 929+ 34 53,1 + 3,3 97
Alpu 01 6,8 £ 0,3 47,0 + 8,1 82,2 + 6,7 50,2 £ 3,5 95
Yakar 7,1+ 0,0 49,7 + 2,3 118,4 + 3,8 56,0 £ 0,8 91
Cetinel 2000 8,0+ 0,8 472+ 2,8 86,6 £ 4,1 538+ 4,1 91
03 SE 18 SEAC 81+ 1,0 435+ 1,0 789+ 14,1 56,8+ 44 90
ES-14 8,0+ 0,6 514+ 05 85,1+ 04 528+ 1,9 85
Yildiz 98 7,1+ 0,3 46,4 + 3,9 1399+ 342 544+ 25 83
Ziyabey 85+ 0,3 51,5+ 5,0 70,9 £ 4,2 579+ 0,8 83
00 KE 3 KEAC 8,4+ 0,6 49,4 + 0,9 93,3+ 6,6 56,0 £ 2,2 82
Kirgiz 95 6,9+ 0,3 46,1+ 11 100,6 + 14,3 516 3,5 82
[zmir 85 92+ 04 40,5 + 6,0 845+ 214 533+ 16 76
Soyer 02 6,6 £+ 0,4 46,7 + 2,6 1156 + 16,0 51,8+ 0,8 76
BDME-10 70+ 0,7 50,4 + 3,0 124,7 + 13,7 534+ 1,2 74
Ahmetaa 59+ 05 30,7 £ 2,6 56,6 £ 5,6 43,7+ 45 73
Karahan 6,6 £ 0,8 423+ 6,4 78,6 £ 10,1 499+ 2.2 60
Bagcl 6,6 £ 0,8 446 + 1,2 812+ 221 540+ 44 60
Average 7,5 45,5 92,7 53,0 82

As expected, application of Zn resulted in sigafit increases in shoot Zn
concentration of genotypes. The increases were u®i7 folds (Table 4). There was also, to
some extend, a genetic variation in shoot Zn camagon between the genotypes under Zn
deficiency. Among the genotypes tested Ahmetagastiche lowest (e.g., 5.9 mg ZnRg
and Dagdas had the highest (e.g., 9.0 mg Zh ln concentrations in shoot under Zn
deficiency. However, from the Table 4, it seemg thare is not always a direct relationship
between the Zn concentration and Zn efficiencyréwlee of the genotypes. The table clearly
illustrated that a genotype with the highest talemindex may have less Zn concentration
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under Zn deficient conditions compared to a ger®tyith a mean tolerance index. For
instance, Bezostaja with the highest tolerancexisgemed to have less Zn concentration (7.3
mg kg?) under Zn deficient conditions compared to OOKEEAC (8.4 mg kg') with a mean
tolerance index. Similarly, Bezostaja and BDME-1hick differ in their tolerance to Zn
deficiency were more or less similar in shoot Zmammtration under Zn deficiency.
According to the Table 4, Fe concentration of whgahotypes seemed to be increased by
more than 1.5 fold in average in Zn deficient placvmpared to the plants grown under Zn

sufficient conditions.

The Zn and Fe content of plants were calculatedditermining the amounts of

elements in plants. The shoot Zn and Fe conteplaokts were shown on Table 5.

Table 5: ShootZn and Fe contents of cultivated bread wheat g@estyoth in Zn deficient
and sufficient growth conditions.

Shoot Zn content Shoot Fe content  Zn Efficiency

Genotypes -Zn +Zn -Zn +Zn (%)
(g plant) (ug plant)

Bezostaya-1 4,0 +0,2 249 + 14 46,7 + 3,0 29,1 +14 99
Dagdas 43 +0,6 20,1 £ 3,1 44,1 + 54 25,8 £+ 0,7 97
Alpu 01 33 %01 24,0 £5,2 396 +24 255 £ 29 95
Yakar 3,0 £0,0 22,7 £ 0,9 494 +15 25,6 + 1,7 91
Cetinel 2000 35+03 23,0 £ 0,6 38,4 £25 26,3 £1,0 91
03 SE 18 SEAC 40 +0,6 23,7 £ 18 38,5 £ 6,3 30,9 £ 3,2 90
ES-14 2,7 £0,0 20,4 + 0,7 28,8 £+ 1,8 210 £1,2 85
Yildiz 98 29 £0,3 223 +1,1 55,9 + 126 26,2 +0,4 83
Ziyabey 34 +0,.2 245 £ 21 28,0 £ 1,3 27,6 £ 1,3 83
00 KE 3 KEAC 4,0 £+ 0,2 28,4 + 13 44,0 + 3,0 322 +24 82
Kirgiz 95 32 %02 258 £15 46,0 + 44 289 +24 82
[zmir 85 40 +04 230 £21 374 +122 305 +25 76
Soyer 02 26 +0,3 243 £ 0,9 46,1 + 9,2 27,0 £ 1,6 76
BDME-10 2,6 £0,2 255 +14 46,3 + 3,0 27,0 £ 0,9 74
Ahmetgia 24 +£1,0 171 + 271 225 +7,0 245 + 45 73
Karahan 3710 38,3 £39 43,6 + 129 444 +14 60
Bagcl 27 +04 28,9 £ 0,2 33,6 +9,1 35,1 +4,0 60
Average 3,3 245 40,5 28,7 82

Generally, the genotypes with high Zn deficienclerance seemed to possess high or
moderate Zn contents under Zn deficient conditiofise genotypes with low tolerance
indices appeared to have low levels of Zn contewept the Karahan cultivar. Although
Karahan cultivar was found to have a low toleramcex, Zn content of the genotype in Zn
deficient conditions was higher than the averagec@mtent. The reason of such higher Zn
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content in Karahan could not be understood; it rmagtated to an experimental error because
of very high standard deviation value (Table 5)wdwger, this genotype had also higher Zn

concentrations under Zn adequate conditions. Pgsglis genotype has a higher genetic

potential for Zn uptake and this needs for furtiesearch.

4.1.4 Nutrient Solution Experiment

In controlled growth chamber conditions, the seldcgenotypes were grown in
hydroponic medium. As described in 3.2.1.2 plantgsentreated by 5 different Zn treatments
as followinds -Zn (very severe Zn deficiency), 101 Zn (severe Zn deficiency), M Zn
(moderate Zn deficiency) oM zn (sufficient Zn supply) and TOM Zn (toxic dose). After
13 days of growth in nutrient solution Zn deficigrieaf symptoms became evident, and as
expected BDME-10 was much more affected from Zncaefcy than Bezostoja (Fig. 4.4).

Then, roots and shoots of plants were separatelesized.

There was a close relationship between the interditthe leaf symptoms of Zn
deficiency and concentration of Zn added in nutrgiution until 1 M Zn. By increasing
Zn concentration in nutrient solution plants werevgn better and became free from Zn
deficiency symptoms. At the highest Zn applicatierg., 1¢ M Zn) plants showed some
decreases in growth and developed slight chlomaosissome necrosis on leaves and bronzing
in roots. As mentioned, in the molecular studiely @ezostaja has been used.
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Figure 6. Pre-harvest picture of BDME-10 genotype grownr@sponse to varying Zn
treatments.

Figure 7: Pre-harvest picture of Bezostaja genotype growrreisponse to varying Zn
treatments.
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4.2 Molecular Analysis: mRNA Differential Display

After isolation of total RNAs from the roots of Bestaja genotype, DNase treatment
was performed to the isolated RNAs of the wheabtgre. The DNase treated samples were
used as a template for cDNA conversion. The obthiobBNAs were used in mRNA
differential display analysis in order to deteat ttxpression profile of a tolerant cultivated
bread wheat genotype in response to 4 differeneslo$ Zn applications described above.
Different primer combinations were used in PCR tieas for obtaining the differentially
expressed cDNA fragments in varying sizes ranged &0 to 580 bp.

Zn 10°'M 10°M 10“*M

-Zn 10'M 10°M 10*M

--;llﬂtv% | w

Figure 8: Agarose gel electrophoresis pictures of mRNA dé#feial display PCR products
of Bezostaja roots before gel extraction for sequmen The genotype was exposed to 4
different doses of Zn applications; -Zn (severe daficiency), 10-7 M Zn (slight Zn
deficiency), 10-6 M Zn (adequate Zn supply), 10-4ZW (toxic Zn dose) (a)PCR products
obtained viaT3P3 primers. Both 180 bp and 560 bgnrents displayed with arrows were
extracted from the gel. (b)PCR products obtainedTiP9 primers. Both 505, 414, 387 and
263 bp fragments displayed with arrows were extcétom the gel.
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10®M 10'M 10°M 10*M

Figure 9: Agarose gel electrophoresis pictures of mMRNA défeial display PCR products
of Bezostaja shoots before gel extraction for sequg. The genotype was exposed to 4
different doses of Zn applications; 10-8 M Zn (made Zn deficiency), 10-7 M Zn (slight Zn
deficiency), 10-6 M Zn (adequate Zn supply), 10-4ZNi (toxic Zn dose). (a)PCR products
obtained via T1P9 primers. Both 414 bp and 207rbgrents displayed with arrows were
extracted from the gel. (b) PCR products obtained W3P2 primers. 253 bp fragment
displayed with arrow was extracted from the gelP(@R product obtained via T5P2 primers.
147 bp fragment displayed with arrow was extraétech the gel.

The differentially expressed cDNA fragments isadai®m both root and shoot parts
of the wheat genotype were sequenced and protgiresee similarity search was realized via
using NCBI BLASTX algorithm. 457 bp root cDNA fragmt obtained by using T1P4 primer
combination, was found to be similar to ribosomadtgin S5, component of cytosolic 80S
ribosome and 40S small subunit of Ostreococcusniainus with 9e-51 e-value and 40S
ribosomal protein S5 of Oryza sativa with 8e-50aé48. The same primer combination also
gave 139 bp cDNA fragment that was found to be laimio the protein sequence of

Enterococcus faecalis histidine kinase with 7. hlete.

A 137 bp cDNA fragment obtained via using T8P6 mrincombination displayed
similarity to hypothetical protein of Ruminococooiseum with 0.026e-value. 560 bp cDNA
fragment provided by T3P3 primer combination wasinfb to be similar to alcohol
dehydrogenase of Hordeum vulgare with Zinc-bindilenydrogenase region with 2e-43 e-
value. The same primer combination also gave 18000gA fragment that was found to be
similar to ribosomal protein L2 of both Arabidopsimliana and Triticum aestivum with 4e-

24 and 3e-22 e-values respectively.
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T1P9 primer combination gave a 505 bp cDNA fragmbat was found to be similar
to the cysteine synthase of Glycine max and cysteymthase, O-acetyl-L-serine (thiol)-lyase
of Cicer arietinum both with 3e-28 e-value. A 41p1dDNA fragment obtained via using the
same primer combination displayed similarity totaglsionine gamma-synthase of Zea Mays
with 1e-66 e-value and Cys/Met metabolism PLP-ddpahenzyme family protein of Oryza
sativa with 4e-66 e-value. The same primer comlmnadlso gave 387 bp cDNA fragment
that is similar to the hypothetical protein of Maeiphis domestica with ZIP Zinc transporter
region (1.9 e-valyeand cation diffusion facilitator family transparteontaining protein of
Tetrahymena thermophila with Co/Zn/Cd efflux systaymponent (4.2 e-value).
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Table 6: BLASTX results obtained from isolated BezostajatroDNA fragments via using
NCBI BLASTX algorithm.

Primers/ROOT BlastX Hit NCBI Accession e-value

Number

Ribosomal protein S5,
component of cytosoli¢
80S ribosome and 40S 9e-51
smallsubunit[Ostreococcus XP_001418582
lucimarinus CCE9901]

T1P4 a)

40S ribosomal protein S5

putative, expressed [Oryza ABAO3723 8e-50
sativa

(japonica cultivar-group)].

histidine kinase, putative
[Enterococcus faecalis

T1P4 b) V583].

NP_815517 7.1

hypothetical protein
RUMOBE_01293 7P 01963575
T8P6 [Ruminococcus obeum B 0.026
ATCC 29174].

alcohol dehydrogenase

T3P3 a) [Hordeum vulgare subsp.
vulgare].with Zinc-binding AAK49116 2e-43
dehydrogenase region

60S ribosomal protein L2
[Arabidopsis thaliana]. CAA60445 4e-24

T3P3 b)

ribosomal protein L2 AAPS0668 3e-22
[Triticum aestivum].

cysteine  synthase, (
acetyl-L-serine (thiol)- CAA06819 3e-28
lyase [Cicer arietinum].

T1P9 a)

cysteine synthase [Glycin
max].

1]

AAL66291 3e-28
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Table 7: BLASTX results obtained from isolated BezostajatroDNA fragments via using
NCBI BLASTX algorithm.

Primers/ROOT BlastX Hit NCBI Accession e-value
Number

cystathionine gamma-

synthase AAB61347 le-66
[Zea mays].
Cys/Met metabolism
T1P9 b) PLP-dependent enzyme
family protein, expressed ABF96221 4e-66

[Oryza sativa (japonica
cultivar-group)].

PREDICTED:
hypothetical protein
[Monodelphis
domestica]with ZIP Zinc
transporter region and XP 001369419 1.9
Predicted divalent heavyr B
metal cations transporter
region

T1P9 c)

cation diffusion
facilitator family
transporter containing
protein [Tetrahymena XP_001031052 4.2
thermophila SB210] with -
Co/zZn/Cd efflux system
component
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T5P2 primer combination gave 147 bp shoot cDNA rfiagt that was found to be
similar to the photosystem | assembly protein yof4dHordeum vulgare and ORF 185 of
Triticum aestivum with photosystem | assembly protécf4 region both having 4e-16 e-

value.

A 264 bp shoot cDNA fragment obtained via T2P4 prircombination was found to
be similar to the hypothetical protein of Oryzasawith 1e-15 e-value.

T6P3 primer combination gave a 323 bp shoot cDN&grnent that displayed
similarity to ribulose-1,5-bisphosphate carboxylagggenase large subunit of Triticum

aestivum with 4e-38 e-value.

A 414 bp shoot cDNA fragment provided by using Tlptmer combination was
found to be similar to the cystathionine gamma-dsgeé of Zea mays with le-66 e-value,
Cys/Met metabolism PLP-dependent enzyme familygmobf Oryza sativa with 4e-66 e-
value and MTO1 (METHIONINE OVERACCUMULATION 1) of vabidopsis thaliana with
6e-53 e-value. The same primer combination gav@7aldp cDNA fragment that showed
similarity to ATP synthase CF1 beta subunit of ifutn aestivum and ATP synthase CF1
beta subunit of Hordeum vulgare both with 9e-2alete.

A 253 bp cDNA fragment obtained via using T3P2 grirmombination, was found to
be similar to the 0Os099g0526200 (Oryza sativa) \8itB e-value and MGA protein of Mus
musculus containing Myc-like bHLHZip domain; withe5e-value.

TI9P6 primer combination gave 401 bp cDNA produdittehowed similarity to

ORF107c of Pinus koraiensis with 1e-16 e-value hygdothetical protein CYtaCp094 of
Cycas taitungensis with 7e-14.
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Table 8: BLASTX results obtained from isolated BezostajaahcDNA fragments via using
NCBI BLASTX algorithm.

Primers/SHOOT BlastX Hit NCBI Accession e-value

Number

photosystem | assembly
protein ycf4 [Hordeum

vulgare subsp. YP_874663 4e-16
vulgare].
T5P2

ORF 185 [Triticum aestivum]
with CAA44030

photosystem | assembly
protein Ycf4 region

4e-16

hypothetical protein
T2P4 0sJ_030064 [Oryza sativa EAZ15855 1e-15
(japonica

cultivar-group)]

ribulose-1,5-bisphosphate
T6P3 carboxylase/oxygenase largs
subunit[Triticum aestivum].

AAP92166 4e-38

D

cystathionine gamma- 1e-66
synthase [Zea mays] AAB61347

Cys/Met metabolism PLP-
dependent enzyme family
protein, expressed [Oryza ABF96221 4e-66
sativa (japonica cultivar-

group)]

T1P9 a)

MTO1 (METHIONINE
OVERACCUMULATION 1) NP_186761 6e-53
[Arabidopsis thaliana].
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Table 9: BLASTX results obtained from isolated BezostajaahcDNA fragments via using
NCBI BLASTX algorithm.

Primers/SHOOT BlastX Hit NCBI Accession e-value
Number

ORF107c [Pinus YP_001152220 le-16
koraiensis]

TOP6 a) hypothetical protein
CYtaCp094 [Cycas YP_001312259 7e-14
taitungensis].

T9P6 b) ORF107c [Pinus YP_001152220 1le-04
koraiensis] B

T1P9 b) ATP synthase CF1 beta NP_114266 9e-22
subunit [Triticum
aestivum]

YP_874660

ATP synthase CF1 beta
subunit [Hordeum
vulgare subsp. vulgare].

T3P2 NP_001063724 3.3
0s09g0526200 [Oryza
sativa (japonica cultivar-

group)]

MGA protein [Mus AAF24761 5.6
musculus]with contains
Myc-like bHLHZip
domain;
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Table 10: mRNA differential display results of differentialgxpressed root cDNA fragments
in response to varying levels of Zn applicationthvitagment sizes obtained by using NCBI
BLASTX.

Primers/ROOT Zn Applications (M) Size of the Fragment
-Zzn | 107 | 10° | 104
T1P4 a) 457bp
+ + + -
-Zn | 10 | 10° | 104
T1P4 b) 139bp
+ + + -
-Zn |10 | 10° | 104
T8P6 137 bp
+ + - -
7 6 4
T3P32) Zn |10 10 10
560 bp
- + + +
-Zn |10 | 10° | 104
T3P3 b)
180 bp
- - - +
-Zn | 107 | 10° | 104
T1P9 a) 505 bp
- + + -

54



Table 11: mRNA differential display results of differentialgxpressed root cDNA fragments
in response to varying levels of Zn applicationthvitagment sizes obtained by using NCBI
BLASTX.

Primers/ROOT Zn Applications (M Size of the fragrhe

-Zn | 10 | 10° | 104

T1P9 b) 414bp

-zn | 107 | 10° | 104

387bp
T1P9 c)
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Table 12: mRNA differential display results of differentiallgxpressed shoot cDNA
fragments in response to varying levels of Zn agpibns with fragment sizes obtained by
using NCBI BLASTX

Primers/SHOOT Zn Applications (M) Size of the fragmh
10° | 10" | 10° | 10-
T5P2 147 bp

108 | 10 | 10° | 10¢
T2P4 264 bp

108 | 10 | 10° | 10¢
T6P3 323 bp

108 | 107 | 10° | 10°

414 bp
T1P9 a)
+
108 | 10 | 10° | 104
T1P9 b) 207 bp
+
108 | 107 | 10° | 10°
T3P2 253 bp

Table 13: mRNA differential display results of differentiallgxpressed shoot cDNA
fragments in response to varying levels of Zn agpibns with fragment sizes obtained by
using NCBI BLASTX.

Primers/SHOOT | Zn Applications (M) | Size of the fragment
- 10-" | 10° | 10~
-Zn
TOP6 a) 401 bp
+ + +
TIP6 b) - 10" | 10° | 10
-4Nn
113bp
+ + +
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5 DISCUSSION

5.1 Physiological Analysis

The objective of this study was to identify the feliéntially expressed cDNA
fragments in response to varying Zn applicationgnrdeficiency tolerant Bezostaja cultivar.
For this purpose, mRNA differential display techmeqhas been used in addition to
sequencing. Selected genotype; Bezostaja was gnovinydroponic culture for obtaining
fresh tissue samples needed for the molecular etudihe mRNA differential method is
serviceable regarding its quickness compared teratientification techniques. The method
allows the detection of differentially expressed\#Zbfragments within a single type of cell
under varying conditions and also between two orentbfferent cellular populations (Liang
and Pardee, 1992; Ito et al., 1994). The method =E8es on well settled and commonly
utilized molecular techniques. It allows the id&aation of both up and down regulated
cDNA fragments in various cell populations at tlans time. Considering that it can elicit
rare mMRNA fragments, it is a very sensitive methiddreover, very few amounts of RNA are

required for the application of the technique (leies et al., 2001).

Decreased shoot growth which is one of the majorpggms observed in Zn deficient
plants was observed in bread cultivars when growdeu Zn deficient conditions in a
greenhouse. Zinc deficiency also caused developmEmhlorosis and necrotic spots on
leaves. Based on the severity of leaf symptomsdeedeases in shoot dry matter production,
there was a considerable variation among the 1&dbrveheat genotypes. Considering the
tolerance index values (Table 3), Bezostaja gemotyps selected to be the most tolerant

bread wheat genotype.
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There was also a considerable variation in shootd@rcentrations among the bread
wheat genotypes grown under Zn deficient conditibfeble 4). Table 4 indicated that a
genotype with the highest tolerance index may Ess&ss Zn concentration compared to a
genotype with a mean tolerance index in Zn deficoemditions. This result may indicate that
physiological utilization of Zn in shoot tissue fdifs between the genotypes. A similar
observation was also reported before (Cakmak ,e1298).

Iron concentration of bread wheat cultivars insegh by more than 1.5 fold, in
average, in Zn deficient plants compared to thatplgrown under Zn sufficient conditions
(Tabl0 4.2). This observation seems to be paraliél the literature data which states that Fe
uptake is enhanced under Zn deficiency conditiark for the durum and bread wheat plants.
According to Rengel and Romheld (2000), regardtEsshe level of their Zn efficiency,
severe Zn deficiency led to the increased Fe uptakeall wheat genotypes studied.
Nevertheless, the wheat genotypes that are suskept Zn deficiency are observed to
possess higher rate of root-to-shoot Fe transpart the Zn efficient wheat genotypes, except
the early growth phases under Zn deficiency. Cemnsid Fe concentration difference
between the tolerant and susceptible wheat genstypere was no remarkable difference in
Fe concentrations between the Zn-efficient andné&ificient wheat cultivars except BDME-
10 genotype (Table 4). However for BDME-10 genofypRkich is a susceptible genotype, an
increase in Fe concentration is pronounced. Thierdifitial behavior of BDME-10 in Fe
concentration value under Zn deficient conditiorsyrbe explained by a unique Fe uptake
mechanism for BDME genotype.

5.2Molecular Analysis

14 out of 20 differentially expressed Zn responsikenscripts were identified in
Bezostaja genotype with varying doses of Zn appdicaby applying mRNA differential
display technique. Except few sequences, the trigtsalisplayed similarity to previously
identified proteins from NCBI protein database. Tithentified transcripts were found to be
associated with Zn. These results indicate thaNmRlifferential display method was an
efficient method in terms of detecting the Zn rethgenes in bread wheat genotypes.
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According to the BLASTX results, a 560 bp cDNA fragnt was obtained using T3P3
primer. This differentially expressed fragment esponds to alcohol dehydrogenase with
zinc-binding dehydrogenase region. Alcohol dehgdrase enzyme is known to contain two
Zn atoms per molecule. One of the Zn atoms hascalalytic role and the other atom is
associated with structural function (Coleman, 1992 reduction of acetaldehyde to ethanol
is known to be operated by the alcohol dehydrogemaszyme. Furthermore, the ethanol
formation mainly takes place in meristematic tissliee root apices in higher plants under
aerobic conditions. In response to Zn deficienbyg, dctivity of the alcohol dehydrogenase is
observed to be reduced in plants (Marschner, 1985bhis study, we did not observe the
existence of alcohol dehydrogenase cDNA fragmenirdeficient roots of Bezostaja which
seems to be consistent with the literature dataveier, real time PCR results should be done
in order to detect the quantitative differentialppession of this gene between plant roots

exposed varying levels of Zn applications.

A cDNA fragment with 387bp length was observed ® differentially expressed
among four different Zn applications in roots ofzBstaja genotype using P1T9 primer, That
transcript is observed to be expressed in plantsrtimat are grown in conditions having
sufficient amount of Zn (e.g., POM Zn) but not in conditions with toxic Zn supp/¥he
cation diffusion facilitator (CDF) family transpert containing protein with Co/Zn/Cd efflux
system component is found to be similar with cDNAgment identified in this study based
on BLASTX analysis. The CDF family transporter fmihat is found to take place in
bacteria, yeast, animals and plants is known ttoparthe heavy metal transport, specifically
Zn, cadmium and Cobalt. (Paulsen and Saier, 1R@I&, 1998; van der Zaat al., 1999).
These proteins are estimated to contain six TM dasneith a C-terminal cation binding
domain. (Paulsen and Saier, 199&seret al., 2001). A histidine-rich domain between TM-4
and TM-5 responsible for Zn-binding also takes @lat eukaryote members. (Huang and
Gitschier, 1997Williams et al., 2000). Size variability ranging from 280 to 7#3idues was
observed with the members of CDF (Paulsen and ,Sa897). One plant CDF member
namely; ZAT that is characterized from Arabidopsisorporates 398 amino acids (van der
Zaalet al., 1999). Increased Zn concentrations are foursfitaulate the ZAT expression, and
throughout the plant, ZAT is known to be expresseastitutively. ZAT is also suggested to
take role in Zn homeostasis via providing the setfagon of Zn in vacuole. However, metal
homeostasis is not suggested to be the only rol€RF (Haney et al, 2005). According to
thefunctional data, some CDF family proteins may actaion donators taking role in signal
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transduction. (Haney et al.,, 2005ur observation of this transporter in the conutloke
seems to be logical considering that this familgrahsporters seems to be Zn activated zinc
transporters. Considering that, we do not obsdreeskpression of this fragment in toxic dose,
one can infer that, rather than taking role in mbtaneostasisthis protein may act as zinc

donator with having role in signal transduction.

The BlastX result of th&87bp cDNA fragment obtained via T1P9 primer alsveg
hit for the hypothetical protein containing ZIP Zitransporter region and predicted divalent
heavy-metal cations transporter region. Three G&jions are found for that cDNA fragment.
One of the three ORF regions corresponds to amegatied ZIP, Zinc ZIP transporter. ZIP
transporter proteins, Zinc and Iron Regulated Hwetencorporate various members in
different eukaryotic kingdoms including plants,raais, protists and fungi. Various members
of ZIP family transporters which are displayed a&d role in metal uptake and transport are
characterized (Guerinot, 2000; (Eide et al., 1996shunova et al., 1999; Vert et al., 2001,
2002; Connolly et al., 2002). Having their aminad a&arboxyl- terminals located on the outer
surface of the plasma membrane, the ZIP proteies paedicted to incorporate eight
transmembrane domains (Guerinot, 2000). Becaus¢hefvariable region between the
transmembrane domains of TM-3 and TM-4, these pr®tdisplayed variation in total length.
The variable region is predicted to take placehendytoplasmic region including Histidines
where a potential binding may occur. ZIP1, ZIP3] @hP4 were suggested to take role in Zn
transport considering that, Zn uptake is recovendeen mutant yeast (Saccharomyces
cerevisiae) are exposed to ZIP1, ZIP3, and ZiPdnfrArabidopsis. ZIP1 and ZIP3 are
proposed to take role in transport of Zn from thé ® the plant considering that they are
found to be expressed in plant roots in Zn defic@mditions. Whereas, ZIP4 is suggested to
provide the transport of Zn intracellularly or beem plant tissues considering that ZIP4 is
observed to be expressed both in roots and shGob$z(et al., 1998; Guerinot, 2000).

We did not observe the expression of this cDNAinant in toxic doses, but we are
not sure about the expression of this transcripdtiver doses including both the severe Zn
deficient, slightly Zn deficient plants. We defely observed the expression of the transcript
in the control dose. Therefore, gene specific prammeay be designed and also RACE method
may be utilized in order find the full sequencetltd cDNA fragment. Then in order to have
the accurate information regarding the detectionth& transcript expression differences
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between the plants exposed to varying levels ofagplications, real time PCR should be
exploited.

414bp cDNA fragment obtained via T1P9 primer isnduo have a similarity with
cystathionine gamma-synthase (CGS). CGS is thgnemzthat catalyzes the committing step
in Met and S-adenosyl-L-Met (SAM) synthesis. Itadgtes the irreversible reaction that is
the condensation of the sidechain of o-phosphohermes (OPH) with the thiol group of
Cysteine to form cystathionine. Later cleavage ydtathionine results in the formation of
homocysteine, then in order to form Methionine (Meathe methylation of the homocysteine
with 5- 5-methyltetrahydrofolate takes place. Imgmn into proteins, production of SAM via
adenosylation or the formation &methyl Met (SMM) are the possible metabolic fabés
Met after synthesis (Kim et al., 2002) The ratevigft synthesis is suggested to be controlled
via CGS based on the evidences. Over accumulatiosotuble Met is observed in
Arabidopsis mutants which are able provide the -@xgression of CGS (Inaba et al., 1994;
Chiba et al.,, 1999). Growth abnormalities due tevpntion of Met synthesis are also
observed in plants in response to the suppresdicDGH expression via antisense-RNA
(Gakiere et al., 2000; Kim and Leustek, 2000).

According to the study that is performed by Chiltaak, (1999) mutant analysis
suggested an existence of autogenous mechanisthefaegulation of CGS synthesis. Via a
posttranslational mechanism, CGS enzyme was olbeivebe declined by Met or its
metabolite in wild type Arabidopsis plant. The prstslational mechanism was found to
function via destabilization of CGS mRNA. Howevdgstabilization via Met was observed
to be prevented in Arabidopsis mutants where tlseaepoint mutation in exon 1 of the CGS
gene. An enhancement both in the CGS enzyme andbled\let level was seen in mutant
plants. Considering that, observation of the CG&ymre in control dose in addition to plants
grown under slightly Zn deficient conditions may beeaningful since there may be
constitutive expression of CGS. Posttranslationatimnisms associated with the regulation
of CGS may take place for this genotype under cbmiwnditions so that Met biosynthesis
may be inhibited.

In a study performed by Kim et al. (2002), a trarsg approach was utilized for
observing the role of CGS ampleness on the reguladf free level Met expression in
Arabidopsis. They observed the build up Met and ShiN in particular tissues and phases
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of development in response to transcriptional upsaion of CGS. Physiological alterations
in addition to remarkable morphological abnormeditisimilar to the plants that have co-
suppressed SAM were observed with the co-suppres$i€@GS. SAM was suggested to be a
regulator of CGS expression considering the redatimalysis of CGS and SAM suppressed
plants. We did not observe the expression CGS eaigmlant roots that are exposed to the
toxic doses of Zn. Real time analysis applicatiiaradesigning gene specific primers will be
more informative regarding the detection of sewmsitexpression differences between plant
roots exposed to varying levels of Zn applicatigaenerally, in plants that are exposed to Zn
deficiency, although the composition does not aliee quantity of protein is known to be
declined. Free amino acid concentration was obdetgebe enhanced by 6.5 fold in Zn
deficient bean leaves compared to the plants gravadequate levels of Zn. After 48 or 72
hours from Zn supply, a reduction in free aminaddewvel in addition to the enhancement of
protein content was observed (Brown et al, 1993pnsidering this literature data,
observation of the CGS cDNA may be associated tughalterations in protein metabolism in
amino acid level in response to Zn stress. The am@sh behind the link between the amino
acid-protein metabolism and Zn deficiency may beuestely understood if the quantitative
analysis of that cDNA fragment is performed vidizitig real time PCR method. By real time
method, the detailed quantitative expression mradif the CGS cDNA should be done in
order to obtain subtle expression differences betwelants exposed to different Zn
applications.

Photosystem | (PSI) is a large protein complex thdbcated in the photosynthetic
thylakoid membrane. Light-stimulated steps of pbgithesis are facilitatety the PSI
together with photosystem Il (PSIl). Three thylakproteins; BtpA Ycf3 and Ycfére found
to be associated to the stable gathering of PSloiling to the study held by Boudreau et al.
(1997), the mutation of ycf3 and ycf4 by the bibéisnethod resulted in the prevention of the
growth of transformants photoautotrophically. Th8l Rctivity of these mutants was also
inadequate. In thylakoid membranes of these tramsfots (ycf3 and ycf4 mutants), PSI
complex did not accumulate in a stable manner.Algh they are situated on the thylakoid
membranes, ycf3 and ycf4 mutants did not stablynfohe PSI complex. Zinc deficiency
reduces the net photosynthesis by 50% to 70% depemch the severity of Zn deficiency
stress and the type of plant species (Alloway, 20Mbreover,the decline in chloroplast
content in addition to the abnormal structure dbiplast associated with Zn deficiency is

the other factors that lead to the decrease indteeof photosynthesis (Alloway, 2004).We
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did not observe the ycf4 coding transcript in the d&ficient shoots of Bezostaja genotype.
This finding may be associated with the reductiorchloroplast content in response to Zn
deficiency. For more accurate data regarding trengpative analysis of the ycf4 transcript,

guantitative real time PCR should be performed.

In this study, ribulose 1, 5 — biphosphate carbasgioxygenase large subunit (323
bp) encoding transcript (having the region Ribalosisphosphate carboxylase large
chain,catalytic domain)was observed in both zinc deficient and controhggabut not in
plants exposed to toxic dose of Zn. Ribulose 1,bphosphate carboxylase (RuBPC) is a Zn
associated enzyme that is involved in photosyrgi@tmetabolism.. The enzyme takes role in
photosynthesis via catalyzing the initial step afbon dioxide fixation. In response to Zn
deficiency in navy bean, the activity of RuBPCasirid to be reduced (Jung et al. 1972). Here
we observed the mRNA transcript encoding the redrdrulose bisphosphate carboxylase
large chain under Zn deficient conditions; but, itltensity of the band seemed to be less than
the bands observed under slight Zn deficient andrabdose treatments. Nevertheless, the
sensitive analysis may only be performed with tidecd real time analysis utilizing the gene
specific primers against RuBPC.

Via designing gene specific primers, RACE method t@ pursued in order to find
the full sequence of all the transcripts. Morecafint similarity searches with the previously
identified proteins may be performed when the fidfjuences of transcripts are provided.
Furthermore, in order to perform biochemical amddtral characterization, ORF sections of
the full MRNAs may be determined.
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6 CONCLUSION

There was a considerable genetic variation in mespao Zn deficiency among
different cultivated bread wheat genotypes.. ThestnZm efficient genotypeBezostaja was
selected among those genotypes that display \@ariagigarding tolerance to Zn deficiency.
By utilizing mRNA differential display method, 2€anhscripts were found to be differentially
expressed in response to different Zn applicati@hst of 20 cDNA fragments that were
isolated, cloned and sequenced, 14 cDNAs displayedlarity with previously identified
metal/Zn binding proteins and enzymes.

Some of the transcripts showed similarity to prasgiyg known protein sequences.
Those protein sequences such as alcohol dehydregergstathionine gamma-synthase, and
cation diffusion facilitator family transporter daming protein were found to be associated
with Zn. In view of the fact thatifferentially expressed transcripts were foundeéarelated to

Zn, it may be concluded that mRNA differential despmethod worked properly.

Further molecular analysis including Real-Time P€l®uld be realized in order to
make accurate evaluation regarding the expressitemahces of each identified transcripts in
response to different Zn applications. Differefyiadxpressed transcript that is found to be
similar to ZIP Zinc transporter region may be seddcfor future molecular studies by using
RACE and real-time PCR. The primer combination tisaused for obtaining ZIP Zinc
transporter region in Zn deficiency tolerant gepetymay also be used in Zn inefficient
genotype for revealing any possible expressioreifices between two genotypes both in
guantitative and qualitative terms. The moleculaachanisms of Zn deficiency tolerance
could be also understood with the help of functi@malysis of identified genes.
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APPENDIX-A

Supplies

Disposable Labware:

3-part syringes:

Ayset, Turkey (5 mL, 50 mL)
Centrifuge tubes:

Techno Plastic Products AG, Switzerland (910155910
ClickFit Cap microtubes:

TreffLab, Switzerland (96.8185.9.03, 96.7811.99R89329.9.01)
Diamond Tips:

Gilson, USA (D10, D200, D1000)
PCR-tubes:

TreffLab, Switzerland (96.9852.9.01)
Petri dishes:

ISOLAB Laborgerate GmbH, Germany (113.02.002)
Polystyrene round-bottom test tubes:

Becton Dickinson Falcdff, USA (352001)
Puradist™ FP 30 syringe filters:

Whatmarf Schleicher & Schuell, UK (10462200)
Tips for pipettes:

TreffLab, Switzerland (96.9515, 96.8700, 96.8276)
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Chemical Supplies:

2-Propanokxtra pure:
Merck KGaA, Germany (1.00995)
2-Propanol purissz99.5% (GC):
Riedel-de Haéh Germany (24137)
6X Loading Dye Solution:
Fermentas, Canada (R0611)
Agar Type A, plant cell culture tested:
Sigma-Aldrich Co., USA (A4550)
Agarose low EEO (Agarose Standard):
AppliChem GmbH, Germany (A2114)
Ampicillin sodium saltBioChemica:
AppliChem GmbH, Germany (A0839)
aTaq DNA Polymerase:
Promega, USA (M1245)
Boric acid for molecular biology, ~99%:
Sigma-Aldrich Co., USA (B6768)
Chloroform Biotechnology Grade:
Amrescd Inc., USA (0757)
D-(+)-Glucose monohydratgoChemika Ultra, >99.5% (HPLC):
Fluka, Switzerland (49158)
dATP, molecular biology grade:
Fermentas, Canada (R0141)
Deoxyribonuclease (DNase |), RNase-free:

Fermentas, Canada (EN0521)

76



Diethyl pyrocarbonatez97% (NMR):
Sigma-Aldrich Co., USA (D5758)
dNTP mix:
Promega, USA (U1515)
Ethanol absolute extra pure:
Merck KGaA, Germany (1.00986)
Ethidium Bromide Solution 1 % in water:
Merck KGaA, Germany (1.11608)
Ethylenediaminetetraacetic acid disodium salt dibtelfor molecular biology;99%:
Sigma-Aldrich Co., USA (E5134)
GeneRulef™ 100bp DNA Ladder Plus:
Fermentas, Canada (SM0321)
IPTG, dioxane-free:
Fermentas, Canada (R0393)
LB Broth:
Sigma-Aldrich Co., USA (L3022)
Luria Agar:
Sigma-Aldrich Co., USA (L3147)
Magnesium chloride hexahydrate puriss., 99-101%) tampurities<0.0001% Al
Riedel-de Haéh Germany (13152)
MS medium basal salt mixture including vitamins:
Duchefa Biochemie B.V., the Netherlands (M0222)
Oligo(dT).2-18 Primer:

Invitrogen, USA (18418-012)
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pGEM®-T Vector System II:
Promega, USA (A3610)
Plant Preservative Mixtuf¥:
Plant Cell Technology, USA
Potassium chloridBioChemika Ultra, >99.5% (AT):
Fluka, Switzerland (60129)
RNaseOUT™ Recombinant Ribonuclease Inhibitor:
Invitrogen, USA (10777-019)
Sodium chloride EMPROVE
Merck KGaA, Germany (1.06400)
Sodium hydroxide pellets pure:
Merck KGaA, Germany (1.06462)
Sucrose Grade I, plant cell culture tested:
Sigma-Aldrich Co., USA (S5390)
Tris Buffer Grade:
AppliChem GmbH, Germany (A1379)
Tris(hydroxymethyl)aminomethariiotechnology Grade:
Amrescd Inc., USA (0826)
TRIzol® Reagent:
Invitrogen, USA (15596)
Biozol Reagent:
Biogen, Istanbul
Tryptone:

AppliChem GmbH, Germany (A1553)
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X-Gal (5-bromo-4-chloro-3-indolyf-D-galactopyranoside):
Promega, USA (V3941)
Yeast extracBioChemica:

AppliChem GmbH, Germany (A1552)

Commercial Kits:

Omniscript RT Kit:
Qiagen Inc., USA (205111)
QIAprep Spin Miniprep Kit:
Qiagen Inc., USA (27106)
QIAquick Gel Extraction Kit:
Qiagen Inc., USA (28706)
QIAquick PCR Purification Kit:

Qiagen Inc., USA (28104)
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Appendix B: Equipment

Autoclave Hirayama, Hiclave HV-110, Japan.

Balance Sartorius, BP610, BP221S, BP221D, Germany.

Blot Module Novex, X Cell 1l Blot Module, USA.

Centrifuge Eppendorf, 5415R, Germany; Hitachi, 88iRC5C Plus, USA.

Deep Freeze Bosch, -20£C, Turkey.

ddH20 Millipore, MilliQ Academie, Elix-S, France.

Digital Camera Canon, PowerShot SD 400, USA; Olysni+7070, USA.

Electrophoresis BioRad Inc., USA; Novex, X Cell 8luwck Electrophore-
sis Cell, USA.

Element Analysis Varian, Vista-Pro CCD Simultanet@B-OES, Aus-
tralia; LECO, TruSpec CN, USA.

Gel Documentation BioRad, Universal Hood Il, USApBad, Quantity
One, USA, BioRad, GelDoc XR, USA.

Ice Machine Scotsman Inc., AF20, USA.

Imaging Software GIMP 2.2.12.

Incubator Memmert DO6059 Model 300, Germany.

Incubator shaker New Brunswick Scienti ¢ InnovaD488SA.

Laminar Flow Cabinets Heraeus Instruments HS12maey.

Lighting Olympus, LG-PS2, USA.

Magnetic Stir VELP Scienti ca, ARE Heating Magn&ticrer, Italy.

Microliter Pipette Gilson, Pipetman, France.

Microplate Reader BioRad, Model 680 Microplate Reat)SA.

Microscope Olympus, SZ61, USA.

Microwave Oven CEM Corp., Mars Xpress, USA; Bostikey.

pH Meter WTW, pH540GLP MultiCal, Germany.

Power Supply BioRad, PowerPac 300, USA; Wealtate B0OO, USA.

Refrigirator Bosch, +4+C, Turkey.

Sonicator Bioblock Scienti c, Vibracell 75043, eggrBandelin, Sonorex,
Germany.
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Spectrophotometer Schimadzu, UV-3150, Japan; NapodiD-1000,
USA.

Thermomixer Eppendorf, Thermomixer Comfort, Germany

Vortex VELP Scienti ca, 2x3, Ital
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APPENDIX C

Gel Picture of DNase and non-DNase Treated RNA Sarigs
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Figure C.1 Gel picture of RNAisolated from the roots of Bezostaja exposed thfférent
Zn concentrations. “+” stands for DNase-treateth@as and “-” stands for non-DNase
treated samples.
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Gel Picture of DNase and non-DNase treated RNA sargs
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Figure C.2 Gel picture of RNAisolated from the shoots of Bezostaja exposeddifdrent
Zn concentrations. “+” stands for DNase-treateth@as and “-” stands for non-DNase
treated samples.
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APPENDIX D

Colony PCR analysis of clones obtained via PCR ofe2ostaja shoots

T1P9 13P2
() () HHEF) OO

Figure D.1 Colony PCR gel picture obtained via using T1P9 an8P2 primer
combination.The clones which contain the differaliti expressed cDNAs have been
indicated to be positive clones. The lanes withatigg signs were the clones which did not
incorporate inserts of interest.
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Colony PCR analysis of clones obtained via PCR ofeBostaja roots
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Figure D.2 Colony PCR gel picture obtained via using T1P4 pricombination.The clones
which contain the differentially expressed cDNAvddeen indicated to be positive clones.
The lanes with negative signs were the clones wihigimot incorporate inserts of interest.
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APPENDIX E

pPGEM ®-T Easy Vector Map and Sequence Reference Points

Zmnl 2009

Seal 1590

1 cri

' pGEMZ-T Easy  lacZ
| Vector
(3015bp)

T7 RNA polymerase transcription initiation site
multiple cloning region

SP6 RNA polymerase promoter (-17 to +3)

SP6 RNA polymerase transcription initiation site
pUC/M13 Reverse Sequencing Primer binding site
lacZ start codon

lac operator

f-lactamase coding region

phage f1 region

lac operon sequences

pUC/M13 Forward Sequencing Primer binding site
T7 RNA polymerase promoter (-17 to +3)
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