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CADMIUM IONS IN CELL SELECTION FOR OBTAINING WHEAT
CELL FORMS TOLERANT TO WATER STRESS

Introduction. Water deficit significantly decrease the plant development and crop production.
Genetic effects that increased the genotype tolerance abilities are the aims of various investigations.
Cell selection is the appropriate biotechnology for obtaining plant forms that challenged abiotic
stresses. It is known that Cd’* cations significantly destroy various plant compartments and tissues.
There was detected that Cd”" injures the water status of the organism.

Purpose. The aim of the investigation was the promotion of cell selection with Cd” " cations for
obtaining wheat cell lines tolerant to water stress.

Methods. Selective systems with lethal doses of cadmium ions (Cd’") for obtaining wheat cell
forms tolerant to water stress are proposed and elaborated. The minimum Cd’* concentration that
eliminates wild type cell population was established as lethal doses.

The water stress was conducted by the addition of manitol. Manitol is usually used for
simulation water deficit in vitro.

Callus and suspension cultures were initiated from immature embryos of winter wheat,
(Triticum aestivum L.), cv. Favoritka. Cell suspension (wild type) was placed on agar cultural BS
medium with the addition of lethal doses of cadmium ions (“plating procedure”). Such doses were
deduced during preliminary tests. Only Cd-resistant cell survive under lethal ion stress pressure.

In Cd’" resistant cell lines relative fresh weight and fiee proline levels were estimated.

Result. Resistant cells formed primary minicolonies. Such colonies are considered to be wheat
resistant cell lines (Cd-RCL). Cd-RCL grew at Cd"" ions presence during 3 passages. Then callus was
cut and transferred to fresh media: basal medium (normal conditions) and selective media (stress
conditions). There were established two variants of selective systems: medium with the addition of
Cd’" cations, (stress I); cultural medium with the addition of manitol (stress II). Cd-RCL maintained
their viability under any stress pressure. Genetic basis of Cd-RCL combined stress resistance was
confirmed via media rotations. The changes were: normal conditions — stresses I, 1I; stresses I,
1l — normal conditions; stress I — stress Il or other way roads. The type of cultural medium and the
number of passages were always free. As proliferation marker calli relative fresh mass growth (RFW,
Am) was used. It was always positive. This parameter measured under normal conditions exceeded
(40-45%) biomass RFW estimated under manitol pressure. But normal data were lower (more than
three times) than data measured during calli cultivation at Cd’" presence. It is assumed that such
events are the exhibitions of combined resistance.

The levels of free proline (pro) were estimated in Cd-RCL. Under normal conditions
wheat cell cultures accumulated pro in various amounts. In wild type callus the proline level was
the highest. In Cd-RCL cultivated at manitol presence pro contents increased. We suppose that
elevated pro levels in Cd-RCL under water stress were due to activity of system of its synthesis.
The wild type cell cultures eliminated at the end of any passage. Proline levels were lower than
level of determination.

Conclusion. Cell lines of winter wheat with combined stress resistance were obtained via cell
selection with Cd** cations. Cd’*-resistant cell lines tolerated both lethal ion and water stresses.
Under water stress pressure callus RFW of Cd**-resistant cell lines was lower and under Cd*" affect
was higher than normal parameters. The growth under water was cooperated with free proline
accumulation. Cell selection with heavy metal ions is the perspective approach for obtaining cell
variants with higher tolerance to osmotic stresses.
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The problem setting. Drought is hard limiting factor of crop production that
adversely impacts the agricultural production all over the world. Water deficit, declining
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drinking water quality are problems which are becoming more actual. Multiple events
promote the development of various scientific strategies for obtaining tolerant plant forms.
The success of the investigation always relies on selection producer.

Heavy metal ions (HMI) belong to group of the most toxic pollutants because their
stress pressure can form vast alterations in different tissues of plant organism. Usually HMI
act together with abiotic stresses and their joint stress pressure is more hazardous. From
another hand the resistance to HMI may be associated with analogous reaction to abiotic
stresses.

Plant cells developed various highly regulated metabolic networks that involved in
their water stress tolerance. Water homeostasis is concerned with several proteins. Dehydrins,
large group of proteins are among them. LEA (late embryogenesis abundant proteins) as a
dehydrin version gain special interest [1-3]. LEA is detected in nuclei, cytoplasm,
mitochondria. It assumed that LEA like chaperons can hinder molecules denaturation during
drying. The histidine presence promotes the binding of heavy metal ions (HMI) [4]. At the
same time some cations essentially repress LEA [5].

There are a lot of HMI harmful at trace concentrations. Cadmium (Cd*") ions are
extremely toxic because their effect expanded towards various plant compartments and
tissues. Monitoring of the publications shows that Cd*" is studied actively on both cellular and
plant levels [6-8]. Considerable interest over decades is based on the elevation of Ccd*
environmental injury from industrial, agricultural and municipal sources.

Plant cell culture protocols have potential opportunity for selecting cells tolerant to
number simulating situations/compositions of cultural media. Various biotic and abiotic
stresses are established in vitro. E. Lestari, (2006), as appropriate approach suggested the
screening within somaclonal variations [9]. (When plants are regenerated from cell cultures
they are not always identical to primary form from which cultures were initiated. This event is
called somaclonal variation that is the result of calli cultivation). Somaclonal variation would
give advantages if it is increases genetic variation particularly the feature which is not
obtained at the parent form. To enhance genetic changes both physical and chemical
treatments there were applied. E. Lestari noted that PEG and manitol were chemicals useful
for drought tolerance, fusaric acid or filtrate were suitable for fusarium wilt, AICl;*6H,O was
used for A’ tolerance.

New plant forms that challenge water stress were obtained via cell selection. Some of
them combined tolerance to osmotic stresses (salinity, water deficit).

Common idea is declared that breeding for resistance to osmotic stresses cannot be
divorced from breeding for various other traits of mineral metabolism. Since it is known that
Cd*" destroys the water status of the organism we decided to use such feature for obtaining
new plant forms with higher tolerance to water stress [10]. We have established the feasibility
of selection at the cellular level. We obtained tobacco cell lines with combined resistance to
Cd*" ions and water stress. Regenerated plants and R1 seed progeny demonstrated tolerance
to water stress in vitro and in vivo.

Cereals in many countries suffer from water deficit. Irrigation is recognized to be a
main task in arid and semi-arid areas. At the same time in those regions agriculture faces a
danger from secondary salinization. Plant breeding aims are the creation screening techniques
for selecting drought-tolerant forms. Various physiological and biochemical reactions are
choosing as a marker of selection. On cellular level stress tolerance is defined as biomass
growth under stress pressure [11-13].

The aim was to expand our approach for obtaining wheat cell lines tolerant to osmotic
stress via cell selection with Cd*" cations.
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The research methodology and organization

Callus was induced from immature embryos of (14 days after artificial pollination)
winter wheat, (Triticum aestivum L.), cv. Favoritka. Seeds surface were disinfected in 96%
ethanol for 10 minutes, 30% (v/v) commercial bleach Belizna for 30 minutes and rinsed three
times with sterile water.

For callus induction and proliferation nutritional medium with B5S Gamborg (1968)
inorganic salts and organic compounds was used [14]. The medium supported 30.0 g/l sucrose
and (mg/l) 1.0 2,4-dichlorophenoxyacetic acid (2,4-D) and 0.2 kinetin. Callus induction
occurred in 5-7 days. Calli were sub cultivated 3 — 5 passages (passage duration 30 — 35
days). Those cultures (control, wild type) were bases for cell selection.

Suspension cultures were established by replacement calli to liquid shake medium of
the same contents for pellet disaggregation. Wheat suspensions were grown in 300 ml flasks
containing 100 ml culture per flask. The ratio cell biomass/medium (w/v) was 1:2. The
viability level of cell population was estimated according to [15]. The suspension density for
plating manipulation was counted: 10mg of individual cell sediment per 100ml of liquid
medium.

Medium for cell selection was elaborated by the addition to B5 medium the lethal for
wild type cell cultures doses of cadmium cations. It was the minimal Cd*" dose that stopped
the cells growth. Under normal conditions such calli never again restored their development.
There was the elimination of wild cells population. Such Cd*" doses were deduced prior the
applying “plating” procedure.

Medium with lower osmotic potential for evaluation the water stress tolerance level of
selected cultures was made by the addition lethal doses of manitol to BS medium. So both
selection and investigations were conducted under lethal stress pressure.

The “plating” procedure means cell suspension uniform arrangement between two
layers of selective (Cd-containing) solid media. 0.5 ml of wheat cell suspension was displayed
at Petri dishes at 16-hr photoperiod at 25°C. Dishes were monitored for appearance of primary
microcolonies. These colonies are considered to be ion-resistant cell lines. lon-resistant
colonies were cultivated for obtaining sufficient calli biomass during 3 — 4 passages; the
duration of average passage was 30-35 days. Further cultivations were performed under
changed conditions: normal nutrition, BS medium; stressed environment, B5 medium with the
addition of toxic matters — Cd*" cations, (stress I), manitol, (stress II). Besides, the medium
rotations were arbitrary.

As proliferation marker calli relative fresh mass growth (RFW, Am) was used. Am
means: (mem;)/m;, where m; — initial biomass weight at the start of the passage; m¢ — final
biomass weight at the end of the passage [10, 15]. Data of biomass production are statistically
analyzed. Data shown are the average of 3 replicates + SE. Free proline levels in wheat cell
cultures were estimated according [16].

The results and their discussion

A number approaches for obtaining tolerant to water stress cell variants are developed.
We propose simple one that does not require long chain selection protocol. The chromosomal
instability of cultures in vitro even under normal conditions promotes the increasing the
variability within the material being screened. The selective pressure and especially its level
minimized the cell population. Under lethal stress pressure only peculiar forms survive. Our
method provides the selection of genetically changed cell variants.

On selective media resistant single colonies were obtained. (The frequency of
appearance was 10). These colonies later formed Cd-resistant cell lines (Cd-RCL). During 3
— 4 passages calli were cultivated under normal or stress I (+ Cd*" cations) conditions. The
variants viability is regularly controlled. The positive relative fresh mass growth (RFW)
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indicated the common effectiveness of development. When cell biomass exceeded 1.0g callus
was cultivated on medium with manitol addition (stress II). RFW of wheat cultures estimated
under normal conditions varied in Cd-resistant cell lines Ne3, Ne5 (table). Both cultures
differed from control but differences were not essential. We assume that this event is the
result of distinctive metabolism feature of any genotype.

Wheat Cd-RCL tolerated lethal water stress. Data exhibited that normal calli RFW
exceeded this parameter measured under stress pressure. Does this event a result of a stress
inhibition? P. Hasegawa et al. (2000), explained analogous features of salt-adapted cells as a
realization of protective mechanisms. Cells with little inner volume could accumulate enough
amounts of compatible solutions for maintenance their osmotic status under salinity [17].
Cd-resistant cell lines challenged lethal water stress. So we can assume that its low RFW was
the exhibition of their peculiar characteristics.

The biomass REW, measured during cultivation on media with addition of Cd**
exceeded normal amounts in both Cd-RCL Ne3 and Cd-RCL Ne5 more than three times. This
event we observed during investigation tobacco Cd-resistant cell lines [10]. Our assumption is
partly explained by free proline analysis (table).

Free proline (pro) level highly increases in plants in response to various biotic and
abiotic stresses including salinity, water deficit, high/low temperatures, heavy metal ions,
plant pathogens attack [17, 18]. Most explanations that support pro contribution to stress
tolerance rely on pro ability to promote osmotic adjustment, stabilization of sub cellular
structures. Pro can take part in recovery processes as additional source of nitrogen and
carbon [17, 18].

We measured pro contents in wheat calli cultivated under contrast conditions (table).

Table 1
Relative fresh mass growth (RFW) and free proline levels in wheat calli cultures
Wheat B5 BS5 + manitol
cell cultures RFW Proline, mg/g RFW Proline, mg/g
FW FW
Favoritka, 1.75£0.23 0.26 £ 0.04 0.79 £ 0.09 0.66 £ 0.03
Cd-RCL Ne3
Favoritka, 227+0.18 0.35+0.07 0.92+0.13 0.75+£0.09
Cd-RCL Ne5
Favoritka, 1.96 £0.14 0.41+0.03 Elimination Elimination
callus, wild type

Under normal conditions wheat cell cultures accumulated pro in various amounts. In
wild type callus the proline level was the highest. Pro content measured in both Cd-RCL was
coordinated with appropriate RFW. In plants under normal conditions the pro level is
controlled by systems of synthesis/degradation/transport. On cellular level pro transfer is
realized within distinct cell. A key enzyme of pro biosynthesis is delta-pyrroline-5-
carboxylate synthetase (P5CS). The process is carried out in cytoplasm. Under normal
conditions pro is produced from either glutamate or ornithine. Pro oxidation is carried out in
the mitochondria. The degradation is catalyzed by proline dehydrogenase (ProDH). Table
data reflected normal relations between two systems of pro metabolism.

In Cd-RCL cultivated at manitol presence pro levels increased. There are experimental
data about the reciprocal manifestation of PSCS and ProDH genes under abiotic stress
condition [19]. Analysis of transcription during abiotic stress and subsequent recovery periods
showed that levels of P5CS transcripts are elevated during stress and gradually decrease
during recovery. While levels of ProDH are gradually reduced within several hours of abiotic
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stress and immediately increased after release from stress. We suppose that elevated pro
levels in Cd-RCL under water stress were due to activity of system of its synthesis. The role
of increased pro contents in promoting plants more tolerant to osmotic stresses is under
discussion. We fixed the stable proliferation of selected wheat cultures under any type of
stress conditions. Positive RFW was accompanied by higher free proline contents. Both those
figures reveal the viability of experimental cultures. The wild type cell cultures eliminated at
the end of any passage. Proline levels were lower than level of determination.

The mechanisms which provide higher osmotic tolerance to cultured in vitro cells and
molecular processes by which cells maintain viability under stress pressure are not completely
understood. Somaclons that appears within cell population are apparently caused by gene
amplification, the alteration of a basic couple, transposing migration, methylation transform,
chromosome instability, translocation, ploidy change, restricting or restructuring [9]. The
direct selection towards obtaining plant forms with good tolerance to osmotic stresses does
not satisfy investigators. Experimentally obtained cell cultures manifested higher levels to
salinity or water stress. At the same time regenerants from those variants have no preferences
during cultivation under stress conditions iz vifro and in vivo. The success of such approach in
breeding tolerant forms requires the availability of: a) vast cell variability; b) adequate
selective agent in its concentration; c) easy but trustworthy regeneration method of tolerant
cell lines and d) the inheritance of desired character. Addition of appropriate selective agent to
culture media is advantageous.

The selective system with Cd*" is a new approach for obtaining plant cell lines tolerant
to water stress. Tobacco cell lines, regenerated plants and R1 seed progeny demonstrated
tolerance to water stress in vitro and in vivo [10]. Today we have no achievements in plant
regeneration from Cd-resistant wheat cell lines. However, if the aims of research for water
stress tolerance in plant cell cultures are to create tolerant crops then the availability of genomes
containing the information for integrated cellular reaction to stress, must represent a valuable
genetic basis. We suppose the cell selection with heavy metal ions makes contribution to
agricultural plant breeding. The knowledge of plant stress tolerance will enrich.

Conclusion
Cell lines of winter wheat with combined stress resistance were obtained via cell
selection with Cd*" cations. Cd*"-resistant cell lines tolerated both lethal ion and water
stresses. Under water stress pressure callus RFW of Cd*-resistant cell lines was lower and
under Cd*" affect was higher than normal parameters. The growth under water was
cooperated with free proline accumulation.
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Anomauyia. JI.€. Cepeecsa, JI.I. bpounixoea Knimunna cenexyia iz ionamu kaomito ons
OMPUMAHHA KTIMUHHUX hopM nuLeHuli, CMIIKUX 00 600H020 cmpecy.

Ilpoonemamuxa. Boonuii cmpec Ccymmeso NOZIpULYE pPO3BUMOK POCIUH [  3HUNCYE
ypooicaunicmo. I enemuuni 3MiHU, KOMPI CAPAMOBAHT HA NIOBUUEHHS MOJIEPAHIMHOCME 2eHOMUNI8, €
Memoio YucenvbHux 0ocaiodcenv. Kiimunnua cenexyisa € nepcnekmughoio 6iomexHonio2icio OmpumManHs
¢opm pocrun i3 niosuweHum pisHem cmiukocmi 00 abiomuunux cmpecis. Bioomo, wo xamionu
KAOMItO 30TUCHIOIOMb WUPOKY WKOOO YUHHY Oil0 HA MKAHUHU MA KOMAAPMMEHMU POCIUH, Y MOMY
YUCT NOPYULYIOMb 80OHULL CMATNYC.

Memoro Oocnioncenns 6yro cmeopenns cenekmugnoi cucmemu i3 kamionamu Cd® ona
OMPUMAHHSL CIMIUKUX 00 80OHO20 CMPeC)y KITMUHHUX JIHIU nuenuyi

Memoou docnioncenna. Cmeopeno cenexmugny cucmemy i3 ionamu Cd*'.  lonu
3aCMOCO8Y8ANU Y IeMANbHUX OISl KIIMUHHUX KYIbMYP OuKoeo muny 003ax. JlemaibHow 68axcanacs
KOHYeHmpayis, KA SUKIUKALA eliMiHayilo KiimunHoi nonyaayii ouxoco muny. Buowcusunu oxpemi
KUimuny, aKi ymeoprogan MikpokoaoHii, a 8 nooanvuiomy — Cd-cmitiki kaimunui ainii. Bio6ip cmitikux
sapianmie 30TUCHIOBABCS 8 MACUGI CYCNEH3TUHOT KAIMUHHOL KYIbMYypu OUK020 MUmny.

I3 Hespinux 3apookie nuwenuyi copmy Pasopumra OMPUMAHO KATYCHY MA CYCHEH3IUHY
KYAbmypu KIiimuH (Kyasmypa OuKo2o mumny).

T'enemuuno 3mineni KIMuMHi 6apianmu GUOLIANU MEMOOOM «NAUMUH2Y», WO NOJA2AE Y
PIBHOMIDHOMY PO3NOOLLL CYCNEN3iT MIdIC WAPAMU CELEKMUBHO20 CEPEO0SULA.

Jocnioocennss ocmocmivikocmi Cd-cmitikux KAiMuHHUX JiHIU 30iCHI08ANU 3A YMO8 NPAMOI Oii
manimy. Maunim € peuoguHol, AKY 3aCMOCO8VIOMb 01 MOOEN08AHHS B00HO20 Cmpecy in Vitro.
Konyenmpayis manimy maxoorc 6yna nemanshoro.

Y emitikux xnimunnux ainid, Ky1bmueo8aHux 3a yMo8 800H020 CHpecy GUMIDIOSANU 6MiCm
BLIbHO20 NPOJIIHY.

OcnogHi pesynomamu 0ocnioxncenus. Ha cenexmushux cepedosuwax iz KamioHamu Kaomiio
OMPUMAHO CITUKI KAIMUHHI Ninii nuenuyi. [awni eapianmu 8i03HAYANUCH KOMNIJIEKCHOIO CMItIKicmIo, a
came NPoAGNANU MONEPAHMHICMb 00 1emanbHoi KoHyenmpayii manimy. [lpu Kyremugyeanni 3a ymos
B800HO20 cmpecy 6 KALyCl CMIUKUX apianmie 3p0Cmae pieeHs GLIbHO20 NPOJLIHY.

Bucnoexu. Memooom kaimunnoi cenexyii 3 ionamu cd” OMPUMAHO KATMUHHI AIHIT nueHuyi i3
KOMAJIEKCHOIO CIIUKICMIO 00 MOKCUYHO20 [OHY ceneKkyil ma 600H020 cmpecy. 3a npimoi 0ii 600H020
cmpecy y KIimuHax 3p0Ccmas pigeHs GilbH0O20 NPOAIHY.

Knwuogi cnosa:nuwenuys o3uma, KiimuHHA ceaekyis, ioHU Cd*", knimunni ninii, cmitixi 00
800HO20 cmpecy
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