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CELL SELECTION WITH BARIUM IONS FOR OBTAINING
GENETICALLY MODIFIED TOBACCO

Introduction. The salinity is one of the most aggressive environmental factors. It provokes the
wide range of pathological changes in the plant tissues. The drastic decrease of K cations in plant
cells due to salt toxicity is the main feature of injury. The lands with secondary salinization increase.
Fresh water in many regions transforms to the product of deficit even to the public. So the problem of
obtaining plant forms with elevated levels of salt tolerance becomes extremely significant. Genetic
effects that increased the genotype tolerance abilities are the aims of various investigations. Cell
selection with heavy metal ions is the appropriate biotechnology for obtaining plant forms that
challenged the salinity. The scientific interest to Ba’" ions is due to its interaction with K cations.
There was shown that Ba’" interrupted the K™ inward transport

Purpose. The obtaining glycophyte-derived salt tolerant forms (cell lines — regenerants —
progeny )via cell selection.

Methods. Selective systems with lethal doses of barium ions (Ba’") for obtaining tobacco cell
forms tolerant to salt stress are proposed and elaborated. The minimum of Ba °* doses that eliminate
wild type cell population was established as lethal doses. Primary calli cultures were initiated from
tobacco leaves on B cultural agar medium. Cell suspension was cultivated in liquid B5S medium. Cell
suspension (wild type) was placed between two layers of agar selective medium with the addition of
lethal doses of barium ions (“plating procedure”). Only Ba-resistant cells survive under such stress
pressure. The survived cells formed primary minicolonies. Such colonies are considered to be tobacco
Ba-resistant cell lines (Ba-RCL). Ba-RCL grew at Ba’" ions presence during 3 passages. Then callus
was cut and transferred to fresh media: basal medium (normal conditions) and selective media (stress
conditions).

Resistant cell variants were tested under lethal salinity. Salt stress was simulated by the
addition of sodium chloride or sodium sulfate. There were established three variants of selective
systems: medium with the addition of Ba’" cations, (stress I); cultural media with the addition of
salinity (stress II, Ill). Genetic basis of combined stress resistance was confirmed via media rotations.
The changes were: normal conditions — stresses I, 1, IllI; stresses I, II, Il — normal conditions,
stress I — stress Il or stress 11l 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.

Regenerants and plants of R1 seed progeny were cultivated in vitro at presence of sea water
salts.

Result. Tobacco cel lines with combined resistance to lethal ion and chloride and sulfate
stresses were obtained via cell selection with Ba’" cation. Ba-RCL maintained their viability under
any stress pressure. The calli relative fresh mass growth (REW, Am) was always positive.

Regenerants from selected cell lines and R1 seed progeny were cultivated at presence of sea
water salts (2,5%) in vitro. During such cultivations tested plants formed new roots and leaves. After
transfer to control (salt free) medium plants adapted to normal conditions.
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Originality of the investigation and its priority was in the promotion of cell selection with
Ba’"cations for obtaining tobacco variants tolerant to lethal salinity.

Conclusion. Cell selection with heavy metal ions is the perspective approach for obtaining
genetically modified plant forms. Barium cation is appropriate agent for selection variants with higher
tolerance to salinity. Tobacco is a classic glycophyte. From such initial tissues tobacco plant forms
(cell lines — regenerants — progeny) that survive under lethal salinity were obtained. This approach
is suitable for other genotypes.

Key words: Nicotiana tabacum, Bd’" ions, selection in vitro, cell lines with combined stress
resistance, salt tolerant plants

The problem setting

Among abiotic environmental factors salinity is one of the most aggressive. It
provokes the wide range of pathological changes in the plant, which is undergoing its action.
The drastic decrease of K cations in plant cells due to salt toxicity is the main feature of
injury. At the same time, the number of affected lands is increasing due to salinization,
climate change. Fresh water in many regions transforms to the product of deficit even to the
public. So the problem of obtaining plant forms with elevated levels of salt tolerance becomes
extremely significant.

Unfortunately, the fundamental problem of stress / stability for many reasons is among
the most complex. Therefore, the investigation of salt tolerant genotypes (natural and
experimentally obtained) will make important contribution to the understanding of the general
principles of plant metabolism, growth and development.

For obtaining plants with higher salt tolerance both traditional and modern
biotechnological approaches are using, the cell selection is among them. Like any scientific
method the cell selection has its positives and limitations and requires new ideas and
modifications. We have proposed and tested methodology for cell selection using lethal doses
of heavy metal ions for obtaining variants with increased tolerance to osmotic stresses. Thus,
to select salt tolerant variants were used barium cations Ba*' [1].

Ba®" cation is the restricted agent involved in scientific experiments. This is due to the
specificity of its effect on biological objects: an exceptional toxicity to warm-blooded and its
lack of need plants [2].

Barium ions are investigated within the group of divalent cations with various effects.
Tu S-I et al. (1989), reported, that the presence of barium cations slightly decreased the initial
proton pumping rate (R;) and slightly increased the membrane H' leakage (k1) [3]. The net
extent proton translocation at steady state (8;) was also decreased by Ba®" "At presence of
inorganic phosphate Ba®" stimulates malate-pyruvate and succinate oxidation [4]. The
unilateral applying of Ba>" to the root cap caused strong curvature away from the cation in
some corn genotypes [5]. Ba’™ was more effective at ImM than 5mM, and maximum
curvature was reached after about 2.5 h. Curvature in response to unilateral application of
Ba’" to tips of decamped roots was much weaker than that observed in intact roots.

The scientific interest to Ba®" ions is due too to its interaction with K™ cations. It is
known that K' cations are physiologically useful cell compartments. There was shown that
Ba®" interrupted the K inward transport [6, 7]. Sometimes at Ba’" presence there was
observed the decline of Na" uptake and K extrusion. In Suaeda maritima the Na+, absorption
path was opened at high concentrations of salinity (150 mM NaCl). It has been found that it is
mediated by channel type AKT1. The presence of Ba2 + ions decreased absorption of Na *
and K * loss [8]. At the same time the negative action of salinity is expressed in drastic
leakage of K" [9].

We supposed that barium ions peculiarities can increase plant salt tolerance. Ba®"
cations became the agents of selection not mutation factor.
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The aim We propose new idea for obtaining tobacco variants tolerant to salt stress via
cell selection with Ba*" cations.

The research methodology and organization

Tobacco cell cultures (wild type) were initiated from leaves of aseptic young shoots
cultivated in vitro. For calli induction and cultivation the B5 Gamborg nutritional medium
with agar addition was used [10]. Those calli were used for future cell selection. Suspension
cultures were established by replacement calli cultures to liquid shake medium of the same
contents for clusters disaggregation. Cell suspensions were grown in 300 ml flasks containing
100 ml per flask. The ratio cell biomass/medium (w/v) was 1:2. The viability level of cell
population was estimated according to [11]. The suspension density for plating manipulation
was counted: 10mg of individual cell sediment per 100ml of liquid medium.

Selective medium for “plating” procedure was elaborated by the addition to B5
medium the lethal for wild type cell cultures doses of barium cations. It was the minimal Ba*"
dose that eliminated control cell cultures.

Cell suspensions (0,5ml) were plated in Petri dishes between two layers of selective
solid media. Dishes were incubated at 25°C and monitored for cell growth. Only Ba-resistant
cells survive under such stress pressure. The survived cells formed primary minicolonies.
Such colonies are considered to be tobacco Ba-resistant cell lines (Ba-RCL). Ba-RCL grew at
Ba”" ions presence during 3 passages. Then callus was cut and transferred to fresh media:
basal medium (normal conditions) and selective media (stress conditions).

Three variants of selective systems: medium with the addition of Ba®" cations, (stress
I); cultural media with the addition of salinity (stress II, I11I) were established. Salt stress was
simulated by the addition of sodium chloride or sodium sulfate. Genetic basis of combined
stress resistance was confirmed via media rotations. The changes were: normal conditions —
stresses I, II, III; stresses I, II, III — normal conditions; stress I — stress II or stress III or
other way roads. The type of cultural medium and the number of passages were always free.
As a marker of calli proliferation the parameter of relative fresh mass growth (RFW, Am) was
used. Am means: (mgm;)/m;, where m; — initial biomass weight at the start of the passage; my
— final biomass weight at the end of the passage [11]. Data of biomass production are
statistically analyzed. Data shown are the average of 3 replicates + SE.

Na" and K' estimation was determined in fresh tissues by atomic absorption
spectrophotometry (Perkin-Elmer 1100B spectrophotometer, Norwalk, CT, USA).

Regenerants were obtained on modified MS medium. Those plants were cultivated in
greenhouse. Regenerants and plants of R1 seed progeny were tested under salinity in vitro.
Salt stress was simulated by the addition of sea water salts (2,5%) to MS medium [12]. Plant
salt tolerance was fixed by root and shoot formation de novo.

The results and their discussion

On selective medium resistant single cells survived and primary colonies were
obtained. (The frequency of appearance was 10°). These colonies later formed Ba-resistant
cell lines (Ba-RCL). During 3 — 4 passages calli were cultivated under normal or stress I
conditions. The variants viability is regularly controlled. The positive relative fresh mass
growth (RFW) indicated the common effectiveness of development.

When cell biomass exceeded 1.0g calli cultures were transferred to salinity. It is
known that tobacco is a classic glycophyte. So their growth under salinity is a marker of stress
tolerance. Table 1 demonstrates the REW during calli cultivation under various conditions.

Growth indices reflected the cell viability. Conner, A.J. & Meredith, C.P, (1985),
have used this parameter as guaranteed feature of aluminum-resistant cell mutants [11]. In our
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case we obtained salt tolerant mutant cell forms, because they were tested under lethal salinity

pressure.

So our cells/cell lines were genetically modified forms. Resistance never did not
decrease.

Table 1
Relative fresh mass growth (Am) of tobacco Ba-resistant cell lines (Ba-RCL)
RFG, Am
Resistant
cell line (RCL) B5, normal B5 + Ba®" B5 + NaCl B5 + Na;SO4
condition

Ba-RCL Ne 3 4.59 +0.24 1.67+0.19 2.25+0.25 1.58 £0.14
Ba-RCL Ne 21 5.08 +£0.43 2.06 +0.23 2.89 +0.21 3.25+0.12
Ba-RCL Neo 5 5.75+0.12 2.15+0.03 3.10£ 012 2.12+0.11
Wild type 5.93+0.44 elimination elimination Elimination

It is known that the level of the plant stress tolerance can vary considerably during
ontogeny. The concept of "salt tolerance", as such, does not properly considered to be
absolute. In addition to the classic halophytes a number of genotypes have the increased
natural tolerance to salinity, namely, alfalfa, cotton, beets. With this in mind, to confirm the
hypothesis of objectivity as a subject of study used a classic glycophyte — the tobacco. Doses
of stress-formed agents were always lethal to wild type cultures.

The table demonstrates the viability of Ba-RCL, cultivated under stress conditions.
Control cell cultures eliminated at the end of single passage. Compared to normal conditions
calli relative fresh mass growth (Am) of resistant cultures decreased under salinity. This event
was observed earlier. P. Hasegawa at al. (2000), interpreted this fact as a peculiar feature of
salt-adapted cultures. Little fresh weight was due to small cells. Adapted cultures developed
osmotic adjustment in such manner [9].

The salt toxicity combined harmful effect of definite ions and disturbance caused by
lowered external osmotic potential. So in our experiments Na® ions were added in equal
doses. According to Am meanings we can suggest that Ba-resistant tobacco cell lines
demonstrate various reactions to Cl'and SO4> anions. Those reactions were the reflection of
individual strategy of adaptation because Am was always positive.

We have described K'/Na' ratios of Ba-resistant wheat and soybean cell lines. K'/Na"
ratios were low in calli, cultivated on salt-containing media and the highest under barium ion
pressure. At the same time the Am parameter was positive. We suppose that the salt tolerance
of Ba-resistant lines was not connected with K efflux/accumulation [13].

Table 2 demonstrates K'/Na' ratios of Ba-resistant tobacco lines. There are essential
differences of these parameters and their similarities depended on selective system.

Tobacco Ba-RCL maintained development under any stress pressure. The resistance to
the Ba®" is possibly connected with potassium accumulation. At the same time the salt
tolerance is based on another mechanism.

On selective medium with the addition of barium ion tobacco cell lines tolerant to the
Ba”" ion and salinity were obtained. Salt tolerance is realized by ion-depended protective
reactions.
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Table 2
K'/Na' ratios of Ba-resistant cell lines (Ba-RCL), cultivated on selective media
Resistant K'/Na' ratio
cell line (RCL) BS, normal B5 + Ba®" BS + NaCl B5 + Na,SOq4
conditions
RCL Ne3; 5.50 19.05 0.12 0.11
RCL Ne21; 6.31 8.37 0.11 0.10

Tobacco plants were regenerated from some Ba-resistant cell lines Cultures were
cultivated in vitro and in greenhouse. Stress tolerant plants maintain growth and development
under adverse conditions. Therefore, we declared, that growth and the emergence of new
leaves and roots are the markers of plant viability.

In vitro developed regenerants were cut into particles with the same number of leaves
and transferred to medium with the addition of sea water salts (2.5%). To our opinion this
stress agent is the best simulation of ground salinity. The examination of pant salt tolerance in
vitro gives the opportunity to detect the times of stress/adaptation reactions.

Regenerants derived from Ba-RCL, formed leaves and root system that is actively
consuming components of the culture medium. Plants were kept in stress conditions 35 days.
During this time completely tolerant forms used trophic resources. At the same time, this term
of cultivation under stress conditions was critical to wild type plants: in the control plants
developed pathological lesions. At the end of the passage plants died. Fig. 1 fixed the
differences between tolerant and control tobacco plants (7-th day). There were yellow spots of
chlorophyll destructions all over the leaves of control plants.

So tolerance to salinity is expressed on plant level. The genetic background of any
feature is the inheritable one.

a b
Fig. 1. Cultivating tobacco plants under salinity; a — wild type; b — regenerants from
Ba-resistant cell line

The R1 seed progeny was obtained. Seeds were exposed under salinity during 21 days.
At the end of the third week seeds were transferred to basal MS nutritional medium. Fig. 2, a,
shows the differences appeared at 7-th day of cultivation. Salt stress inhibited seeds
germination both wild type (K) and new (R) forms. At the same time K variants eliminated
while R variants maintained their viability; (wild type seeds germination cultivated without
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salt exposition — Fig. 2, b). Generally, under normal conditions, there were no differences
among tobacco seeds. R1 shoots looked like control ones.

To our opinion the inhibition of R1 seeds that took place was a type of stress adaptive
reaction. Under normal conditions R1 shoots activated their metabolism and development.

We use such approach as a mass test of the salt tolerance.

a b
Fig. 2. Cultivating tobacco plants on MS medium; a — after salinity exposition; b —
without stress pressure

The mechanisms which provide salt tolerance to cultured in vitro cells and molecular
processes by which cells maintain viability in saline environments are not completely
understood. A progress in this area has been made by obtaining and studying glycophyte-
derived cell cultures.

A number of such variants are adaptive forms that achieved the trait in long term
tissue cultures. But several passages under normal conditions detect physiological basis of
their tolerance. Another type of tolerant cultures does not require prior adaptation to express
considerable tolerance to salinity. The basis of such tolerance is connected with their genetic
characteristics (changes). The investigation of the experimental chain cell line — regenerants
— seed progeny can guarantee the success.

Tissue culture is a method of creating forms as undifferentiated cells. Those cells can
divide indefinitely in vitro and in many cases be induced to regenerate to whole plants.
Regeneration of plant from callus cultures of wild type is becoming routine procedure.

At the same time regeneration protocols are objects of permanent modifications. The
media rotations are developing for regeneration.

The selective system with Ba>" is a new approach for obtaining tobacco plants tolerant
to salt stress. 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 selection with heavy metal ions is the perspective approach for obtaining
genetically modified plant forms. Barium cation is appropriate agent for selection variants
with higher tolerance to salinity. Tobacco is a classic glycophyte. From such tissues tobacco
plant forms (cell lines — regenerants — progeny) that survive under lethal salinity were
obtained.
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Cepeeesa JI.E., bponnikosea JI.I. Knimunna cenexkyia 3 ionamu 6apito 0na ompumanHs
2eHEeMmUYHO 3MIHEHO20 MIOMIOHY

Ilpobnemamuxa. 3aconenns € 00nuMm i3 azpecusniutux gaxkmopie O0oekinisn. Bono 30ammue
CIPUNUHAMU WUPOKULI CNeKMDP NAMOL0IYHUX 3MiH Y mKanunax pociun. Piske suuocenns kamionie K-
8 KAIMUHAX, BUKIUKAHE 3ACONEHHAM, € 20J08HOI0 O3HAKOI YUKOONCEHHA. 3pocmaiome NIOWi i3
emopunnum 3aconenusm. Ilpicna 6oda y bazamvox pecioHax nepemeopoemvcs Ha Ooeqpiyum Hagims
onst aroocekux mac. Omoice npobiema Oompumanus Gopm pociun i3  RIOSUWEHUM DIGHEM
CoNleCmilikocmi cmae HA038UYAliHO aKmyanibrolo. I enemuuni 3miny, Kompi 30L1buLyroms CmiluKicms
2EHOMUNY € 207I08HOI0 MEMOI0 PI3HUX 00CHi0NceHb. Kaimunna cenekyis 3 IOHaMU 8ANCKUX MEMAilis €
NEePCNeKmuBHoI0 Oi0NI02IUHOI0 MEXHONOIEI0 OISl OMPUMAHHSL YOPM POCIUH, 30AMHUX NPOMUCTHOSMU
saconennio. Hayxoeuil inmepec 00 iony 6apito 00ymoeieHuil 1020 63a4EMOBIOHOCUHAMU I3 KAMIOHAMU
Kaunilo, a came U020 30AMHICMIO GMPYYAMUCL ) NPOYecU NEPeMIWeHHsT Yb02o (Di3i0N02TUHO
HeobXIOH020 [0H).

Mema. Ompumannsi NOXiOHUX 6i0 2nikoghimie corecmiikux opm pociun (KIimuHHa HiHis —
pezerepanm — NOMOMCMBO) MeMOOOM KAIMUHHOI ceneKyii

Memoou. [{ns ompumanus opm miomioHy 3anponoHo8aHo mMd CHMEOPEHO CeLeKMUGHY
cucmemy i3 ionamu 6apiro (Ba’") y konyenmpayisix, nemansnux 0ns KIimuHHuX Kyibmyp OuKo2o muny.
Jlemanvnumu 66adicunU HAMeHWi KOHYeHmpayii, aKi npu3eooutu 00 eriMiHayii Kyiemyp Oukoz2o
muny. Ilepsunnuii xamoc iniyiloeanu i3 JUCMKIE MIOMIOHY HA a2apu308aHomy cepedosuwyi BS.
Cycnensitiny Kyromypy Kyibmugyeanu Ha piokomy cepedosuwyi BS. Kaimunuy Kyromypy ouko2zo muny
niodasanu npoyedypi ‘“‘naeumuney’”’, aka nepeddauae pieHOMIpHe pO3NOOLIEHHS CYCNEH3Tl MIdC 080MA
wapamu cenekmusno2o cepedosuwa 3 ionamu Ba’". Tinoku Ba-cmitiki Kiimunu 6uscusani 3a maxkozo
cmpecogo2o Hasanmagicenns. JKuei kiimunu Gopmyeanu nepsunHi MIKpokonaowii, Taxi Koaowil
ymeoprosanu Ba-cmitixi knimunni ninii (Ba-CKJI) miwomiony. Ba-CKJI pociu y npucymuocmi ioHie
Ba’" ne menwe 3 nacasxcis. Y nodanvuiomy xanmoc oinunu ma nepemiwgysanu Ha ceixci cepedosuua, a
came: bOazanvHe cepedosuuye (HOPMATbHI YMOGU) | CeNeKMUBHI cepedosuua (cmpecosi YyMosu).
Dopmysanu 06a pisnosudu cmpecy: cepedosuwje i3 ionamu Ba’" (cmpec I) i cepedosuwa i3 consimu
(cmpecu II, IIl). Jlemanvhe 3aconenHss cmeopiosaiu 000A8AHHAM XJA0pUdy HAmpilo ma cyibgamy
Hampito. [[na niomeepodceHHsi 2eHemudHoi OCHO8U CMIUKOCMI BUKOPUCMOBYBANU POMAyilo yMos
KYIbMu8y8aHus, a came: Hopmanvri ymosu — cmpecu I, II, I1I; cmpecu I, II, Il — nopmanvui ymosu;
cmpec 1 — cmpecu 11, 11l mowo. Pomayis 3a6xcou 6yna 006inbha. Ak nOKA3ZHUK HCUMMEIOAMHOCT
sumiproganu GioHocHuu npupicm cupoi 6iomacu (BIIM, Am). Pecenepanmu ma pocaunu Rl
HACIHHEBO20 NOKONIHHA KYIbMUBYEANU Y NPUCYIMHOCTIE TEMANbHUX 003 COJlell MOPCbKOI 800U.

Pesynomamu. Ha cenexmuenomy cepedosuwyi 3 ioHamu 0apito Ompumano KIMuHHI JIHIT
MIOMIOHY, SIKI - XAPAKMEPU3Y8ANUCH, KOMNIJIEKCHOIO CHMIUKICMIO 00 [OHY celnekyii, a maxkoxc 0o
JeMATLHUX  CYTbAMHO20 MA XAOPUOHO20 3ACONeHb. I3 Cmilikux KIIMUHHUX JIHIU peceHeposaHi
pocaunu ma ompumano RI nacinneee nokoninna. Pociunu Kynemugyeanu in Vitro y npucymuocmi
2,5% coneil MopcbKkoi 600uU. B npoyeci KyIbmuy8aHHs pOCIuHU YKOPIHIOBAIUCH | (OpMY8anU HOSE
aucmxu. Ilicns nepenecennss Ha 6e3convboge cepedosuuye pOCIuUHYU a0anmy8anuch 00 HOPMATbHUX
VYMOS8.

Opucinanvnicmo ma npiopumemHicms OO0CAIOJNCEHHS NONA2ANA Y CMBOPEHHI CeleKmUHoi
cucmemu 3 ionamu Ba®* ma it sacmocyeanni y xkuimunniti cenexyii Ons eudinenns Gpopm miomiony,
CMIKUX 00 1eMATbHO20 3ACOLEHHS.

Bucnoeku. Knimunua cenexyis 3 ioHaMU 6aXCKUX Memauié € NepcneKmusHuM nioxo0om
BUOINIEHHS] 2eHeMUYHO 3MIHeHUX hopm pocrun. Kamion 6apiio € npuoamnum yunHuKoM 0Nl cenekyii
sapianmie i3 nidsuwjenum pisHem coaecmitikocmi. Tiomwon — ye kiacuunuil eaikogim. I3 maxux
MKAHUH OMPUMAHO (DOPMU MIOMIOHY (KAIMUHHL JIEHIT — peceHepanmu — HACIHHEGE NOMOMCMEO), SKI
BUMPUMYTIOMb IemaibHe 3aCoNeHHs. Memoo modce Oymu nowupenutl Ha iHui 2eHOMunu.

Knwwuoei cnoea: Nicotiana tabacum,, ionu Ba2+, cenekyisi in Vvitro, KIMuHHI JTIHIT 13
KOMNAEKCHOIO0 CIIUKICMIO, CONeCMIliKi poCauHU

OneprxkaHo peAaKIliero 15.01.2020
[puitasaTo no myOmikarii 11.06.2020
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