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CROSS-TOLERANCE OF CALLUS LINES OF WINTER
TRITICALE TO COMPLEX OF ABIOTIC STRESSORS
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The level of cross-tolerance of triticale callus lines obtained both to
salt and osmotic stress was analyzed. It was established that stability of
expression of the character in callus lines obtained was rather high - of 50
to 76% calli survived to the end ofthe sixth passage. Salt- and osmotolerant
callus lines of triticale demonstrated actively their growth on selective
medium with sublethal concentrations of mannitol and sodium chloride
respectively. Triticale salt-tolerant cell lines were characterized with high
content of free proline too.
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Introduction. Creation of triticale varieties which are successfully
introduced in agricultural production [1] is a major achievement of
modem genetics and plant breeding. However, despite the high potential
opportunities this evolutionary young crop has not yet received widespread
industrial use [2]. Not enough high plasticity of triticale varieties and
breeding forms associated with limited genetic diversity of source material
needs to improve by means of enriching the gene pool of the crop and
increasing efficiency of breeding with various methods [3].

Being important for triticale breeding improvement, tolerance to abiotic
stressful environmental factors, including drought and soil salinization will
encourage expanding the crop areas in regions with unfavorable climatic
conditions [4-6]. Drought causes water deficit in soil and thereafter in plants,
thus being a reason for osmotic stress in them [7]. The harmful effect of
salinity is of complex nature and is due to both breach of osmotic balance in
cells and direct toxic effects on cell physiological and biochemical processes
[8, 9]. Often plants are exposed simultaneously to multiple stressors, and
their negative impact is greatly enhanced [10]. So, we need plants that can not
only endure adverse conditions, but also actively resist to them, viz. function
under stressful conditions. Solving the problem of stress tolerance requires
the development of new biotechnological approaches. One of them is cell
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selection, i.e. selection of genotypes with desirable new hereditary characters
at in vitro cultured cells level in specific conditions [11]. Due to using
biotechnological methods, it is possible to obtain new forms with desirable
characteristics, including specific changes of appropriate metabolic processes
to keep plant adaptation in stress conditions [12]. Today, the development of
methods of triticale cell selection is only initially, because only a few works
on in vitro selection of resistant to stress forms can be found [13-15].

Analysis of literature, formulation of the problem. According to some
authors [16-18], the formation of complex planttolerance to abiotic stresses
(salt, osmotic, temperature) at the cellular and tissue level has some similar
mechanisms. Selected cell lines and regenerated plant may exhibittolerance
to two or more types of stress that sometimes does not even similar in
physical and chemical nature and direction of action. It was shown [19-22]
that increase in osmotolerance at the cellular level can provide the whole
plant tolerance to multiple abiotic stresses causing cell dehydration. The
results give evidence that cell adaptation to osmotic stress can be applied
to select salt-tolerant lines or the reverse, and such studies are of interest.

The purpose of the research. To analyze the level of cross-tolerance
of salt- and drought-tolerant callus lines of winter triticale both to osmotic
and salt stresses.

Material and methods. Carrying the genomes of three species
hexaploid winter triticale forms bred at Myronivka, namely Line
38/1296 and cultivar Obrii Myronivskyi that are characterized by high
agronomic traits were studied. Callus lines of these genotypes were
obtained in our previous studies [23] by cell selection for tolerance
to salt (0.6-1.2% NaCl) and osmotic (0.2-0.6 M mannitol) stresses
according to the scheme (Fig. 1).

Analysis of cross-tolerance oftriticale osmotolerant callus lines to salinity
was carried out according to the scheme: selective medium with 1.2% NaCl
(2 passages) —>Murashige and Skoog (MS) medium [24] (2 passages) —
selective medium with 1.2% NaCl (2 passages). Analysis of cross-tolerance
to salt-tolerant callus lines osmotic stress was conducted along similar
lines: selective medium with 0.6 M mannitol (2 passages) —MS medium
(2 passages) —>selective medium with 0.6 M mannitol (2 passages).

Tolerance of callus cultures to ionic and osmotic stresses was assessed
by their survival, wet weight growth and free proline content. The last was
determined by a modified Chinard's method [25]. MS medium free of stress
factor was as the control. The experimental data obtained were processed
with the methods of statistical analysis [26].
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Fig. 1. Scheme of obtaining osmo- and salt-tolerant triticale callus lines

Results and discussion. It is established that stability of expression of
cross-tolerance to salt stress lines derived was high enough - to the end of
the sixth passage of 51 to 75% calli survived (Fig. 2).
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Fig. 2. Survivability of osmotic stress tolerant triticale callus lines
following 6 passages in selective (1.2% NaCl) medium:
IL/0os-5L/os and IC/os-4C/os - osmotic stress tolerant callus lines
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When determining the crude weight increment, resistant callus were
revealed to continue growth despite the presence of sublethal concentrations
of NaCl in selective medium (Fig. 3).

Z3&12« :Otxry Myromvskyi
M

Fig. 3. Crude weight increment of osmotic stress tolerant triticale callus
lines following 6 passages in selective (1.2% NaCl) medium:
IL/os-5L/os and 1C/0s-4C/os - osmotic stress tolerant callus lines

In general, tolerant cell lines 3L/os and 5L/ derived from the Line 38/1296,
as well as lines IC/os and 4C/os derived from the variety Obrii Myronivskyi
should be identified, whereas they were characterized by the highest proportion
ofalive calli and keptthe ability to increase biomass in selective conditions.Cell
lines with cross-tolerance were distinguished with following morphological
characteristics: compact dark yellow callus of globular structure (Fig. 4).

Fig. 4. Osmotic stress tolerant
triticale calli on selective medium
supplemented with 1.2% NaCl at
the end ofthe 6-th passage

Thus, the data obtained indicate sufficiently high cross-resistance of
osmotic stress tolerant cell lines to salt stress as well.

Based on the existence of both specific and general system of tolerance
[16-22], we also analyzed cross-tolerance of salt-tolerant callus lines to
osmotic stress. Forthis, they were cultured for 6 passages by scheme: selective
medium with 0.6 M mannitol (2 passages) —MS medium (2 passages) —
selective medium with 0.6 M mannitol (2 passages). As in previous studies,
tolerance of cell cultures to osmotic stress was assessed by survival and
growth ofwet weight (Fig. 5, 6).
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Fig. 5. Survivability of salt stress tolerant triticale callus lines following
6 passages in selective (0.6 M mannitol) medium:
IL/sI-5L/sl and IC/sI—4C/sl - salt stress tolerant callus lines

on the 7-th day on the 21-st day

Fig. 6. Crude weight increment of salt stress tolerant triticale callus lines
following 6 passages in selective (0.6 M mannitol) medium:
IL/sI-5L/sl and IC/sI—4C/sl - salt stress tolerant callus lines

During the research we found that the stability of expression of cross-
tolerance to osmotic stress in cell lines obtained was at high enough level
- by the end of the sixth passage of 50 to 76% calli survived. It was also
shown that, even in the presence of sublethal concentrations of mannitol
in selective medium resistant calli actively continued to increase biomass.
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We also determined free proline content in callus lines investigated. It
was established that salt-tolerant cell lines of both triticale genotypes were
characterized by high free proline content (Fig. 7).

It should be emphasized that the callus lines 3L/sl and 5L/sl derived from
the Line 38/1296 had the highest proline content as well as the lines I1C/sl
and 4C/sl derived from the cultivar Obrii Myronivskyi were distinguished
for this index. The data obtained are proof of the increased tolerance to
osmotic stress in the triticale callus lines analyzed.
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Fig. 7. Free proline level in salt stress tolerant triticale callus lines
(C - control; IL/sI-5L/sl and IC/sI—4C/sl - salt stress tolerant callus lines)

Sergeeva L.E. et al. [27] have used this index also when analyzing cross-
resistance to osmotic stress in Cd-tolerant tobacco cell lines and regenerated
plants. Tobacco cell lines being resistant to cadmium cations and regenerated
plants derived from them were analyzed in simulated water stress conditions
in vitro, when using low molecular mannitol as selective agent. The authors
have shown that proline content in tolerant lines was significantly higher than
in the wild type; increased content was observed in cells of both calli and
leaves. The researches imply proline participation in osmotic regulation of
Cd-tolerant tobacco lines and regenerated plants when cultivating in vitro
under conditions of osmotic stress. It was revealed cross-tolerance in tobacco
cell lines obtained as to osmotic stress, as well as to cadmium ions.

Proline is known to be one ofthe most multifunctional stress metabolites in
plants. Several authors [27-29] in their works indicated that, along with well-
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known proline function as inert compatible osmolyte, under actions of abiotic
stressors it also carries out a number of other interrelated functions serving as
membrane protector, chaperone, and antioxidant and is involved in regulation
of expression for certain genes. Just under stressful conditions this amino acid
exhibits its properties mentioned above. Therefore, even a slight change in its
concentration can affect the viability of plants under stress conditions.

Thus, as a result of consistent work we have found cross-tolerance
of triticale callus lines obtained as to salt and osmotic stresses. Earlier
T.V. Chugunkova [30] by methods of cell selection on selective media added
by sodium sulphate and sodium chloride has obtained callus line of sugar and
fodder beet resistant to both the individual and the complex stress factors,
including toxin of bacteriosis pathogen, low positive temperature as well as
one type of salinity -chloride or sulfate. Test for stability of tolerance to the
complex of stress factors proved the tolerance of most beet callus lines and
regenerated plant derived from them. Increased salt tolerance was found in
wheat regenerated plants induced from osmotic (mannitol) tolerant cell lines
[19]. In selective system with PEG salt-tolerant rice clones were obtained
[22]. Among com plants regenerated from mannitol tolerant callus the forms
with increased tolerance not only to water deficit, but also to salinity, low
positive and negative temperatures were selected [20]. The authors explain
it to the fact that due to general non-specific mechanisms of tolerance the
resistance to alone adverse factor may lead to increase to the other one.

Conclusions. Test oftolerance to abiotic stressors showed high enough
level of cross-tolerance of triticale callus lines obtained as to salt and to
osmotic stresses. It is shown that in the presence of sublethal concentrations
of the stress-factor in selective medium tolerant calli kept accumulating
biomass actively. Triticale salt-tolerant cell lines were characterized also
with high free proline content. In prospect it is necessary to test maintenance
oftolerance in regenerated plants and their seed generations.
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MEPEXPECHA CTINKICTb KAMTKOCHUX
NIHIA TPUTUKATE O3MMOTO
40O KOMTINEKCY ABIOTUNYHWX CTPECOPIB

Mukano C.B.
MMWPOHIBCLKUIA THCTUTYT NweHuUui imeHi B.M. Pemecna HAAH, YkpaiHa

MeTta. lMpoaHanisyBaTu piBeHb MEPEXPECHOI CTIAKOCTI OTPMMaHWX cosne-
i OCMOCTINKMX KanoCHUX NiHIA TPMTNKane 03MMOro K 40 OCMOTUYHOTO, TaK i
[0 COMbOBOrO CTPECIB.

MaTepian i meToguka. Matepianom gocnigxkeHb 6ynu popmm TpMBUL0BO-
ro rekcannoifHoLW TpUTUKane 03UMOro MUPOHIBCLKOT cenekuii JTiHia 38/1296
i copT O6piit MypoHiBCbKMIA. BUKOPUCTOBYBaIM METOAW KY/bTYPU TKaHUH i3
3aCTOCYBaHHSAM CENIEKTUBHUX CUCTEM 3 MaHIiTOM i XJIOPUAOM HATPItO.

PesynbTaTu. BcTaHoOBNEHO, WO CTabifIbHICTb MPOSABY 03HAKM NEpPexpecHol
CTIKOCTI 0 CONbOBOIO | OCMOTUYHOMO CTPECIB Y OTPUMAHUX KNITUHHUX NiHI
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6yna LOCUTb BMCOKOK - [0 KiHLSA LOCTOro nacaxy Bbkueano Big 50 go 76%
Kantocis. MokasaHo, WO nNpy HasaBHOCTI B CENIEKTUBHOMY CepefoBuLLi Cybne-
TaNbHOT KOHLEHTpaLiT cTpec-thakTopa CTiliKi Ka/lloCu aKTVBHO MPOAOBXYBa/M
HakonuuyBaTy 6iomacy. ConecTiiKi KNiTUHHI NiHIT 060X reHoTUNIB XapakTepu-
3yBa/INCA TAKOX NiABULLEHMM BMICTOM BifIbHOrO MpOAiHy.

BucHoBKM. OuiHKa CTIKOCTI A0 abioTUYHUX CTPECcOpiB CBIgYMTL NpPo Ao-
CTaTHbO BWCOKMWI pPiBEHb MEPEeXPECcHOT TOMEPaHTHOCTI OTPUMaHUX KaloCHMX
NiHI TPUTKKane K 40 COMbOBOro, Tak i 40 OCMOTWMYHOIO CTPECiB. Y nogab-
LIOMY HeobXifHO nepeBipuTK 30epEXXEHHS CTINKOCTI B POC/IMHAX-PereHepaH-
Tax Ta X HACIHHEBUX NMOKOSIHHAX.

Kntouosi cnosa: Triticale, conboBuiA CTPeEC, OCMOTUYHUIA CTpeC,
CTIVKICTb, Bi/IbHUIA MPONiH, KaNKOCHI NiHiT

MEPEKPECTHAA YCTOMUYMBOCTb KAMTYCHBbIX
NUHWA TPUTUKANE O3MOI0O K KOMMNEKCY
ABVNOTUMYECKWMNX CTPECCOPOB

Mbikano C.B.
MWPOHOBCKUIA MHCTUTYT NweHnybl nMeHn B.H. Pemecno HAAH, YkpanHa

Llenb. [lMpoaHanu3upoBaTb YpOBEHb MNEPEKPECTHOW YCTONYMBOCTM
MOYYEHHbIX CO/Ee- U OCMOYCTOWUMBBIX KanayCHbIX IMHUIA TpUTUKane 03u-
MOr0 Kak K 0OCMOTMYeCKOMY, TaK U K CO/IeEBOMY CTpeccaM.

MaTtepuan u metoguka. MaTepuanoMm Ans WCCAefoBaHUA 6Gblan
(hOpMbl TPEXBUAOBbLIX FEKCANIOMAHbIX TPUTUKANE 03IMOr0 MUPOHOBCKO
cenekunun Simuma 38/1296 n copt O6piit MupoHiBCbKMiA. cnonb3oBanm
MeTOofbl KyNbTYpbl TKaHei ¢ NPUMeHEHNEM CENEKTUBHbIX CUCTEM C MaHHMU-
TOM U X/I0PULOM HaTpUA.

PesynbTaTbl. YCTaHOBNEHO, YTO CTabWNbHOCTb NPOSABAEHUS MPU3HA-
Ka NepekpecTHOW yCTOMNYMBOCTM K COMEBOMY Y OCMOTUYECKOMY CTpeccam
Yy NONMYYEHHbIX KMETOYHbIX NNHWUIA 6blNa 4OCTATOYHO BbICOKOW - K KOHLY
LWecToro naccaxa sbbkusano ot 50 4o 76% kannycos. [1okasaHo, YTO npwu
HanMuMm B CeNeKTUBHOW cpede cy6neTanbHOM KOHLEHTpauuuM cTpecc-
(hakTOpa yCTOlUYMBbIE KanayCbl aKTUBHO MPOAOJ/IKANM HakanausaTb 6umo-
maccy. ConeycToiiunBble KNeTOYHbIE TMHUMN 060X FEHOTUMNOB XapakTepu-
30Ba/IUCb TaKXe MOBbILEHHBIM COAep>KaHnemM cBOOGOAHOTO NPONHa.

BbiBoabl. OLeHKa yCTONYMBOCTM K aBMOTUYECKUM CTpeccopam cBuje-
TeNbCTBYET O JOCTATOYHO BbICOKOM YPOBHE NMepeKPecTHON TONEePaHTHOCTH
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MONYYEHHbIX Ka/l/TyCHbIX NNUHWIA TPUTUKa/e KaK K CO/IEBOMY, TaK U K OCMO-
TUYeCKOMY CTpecCaMm. B AaﬂbHeVIUJEM H606XO,IJ,VIMa npoBepKa CoOXpaHeHNA
yCTOVI‘-II/IBOCTVI B paCTeHUAX-pereHepaHTax N NxX CEMeHHbIX MOKO/IEHNAX.

Kntouesbie cnosa: Triticale, coneBort cTpecc, 0OCMOTUYECKMIA CTpecC,
YCTONYMBOCTb, CBOOOAHBIN MPO/IMH, KauinyCHble NMHAN

CROSS-TOLERANCE OF CALLUS LINES OF WINTER
TRITICALE TO COMPLEX OF ABIOTIC STRESSORS

Pykalo S.V.
The V.M. Remeslo Myronivka Institute of Wheat of NAAS, Ukraine

Aim. To analyze the level ofcross-tolerance of salt- and drought-tolerant
callus lines of winter triticale both to osmotic and salt stresses.

Methods. Forms of three-species hexaploid winter triticale bred at
Myronivka Line 38/1296 and variety Obrii Myronivskyi were studied.
Tissue culture methods with application of selective systems based on
mannitol and sodium chloride were used.

Results. It was established that the stability of performance of
cross-tolerance to salt and osmotic stress in callus lines obtained was
sufficiently high - of 50 to 76% calli survived to the end of the sixth
passage. It was shown that in the presence of sublethal concentrations of
the stress-factors in selective medium tolerant calli actively continued to
accumulate biomass. The salt-tolerant cell lines of both genotypes were
characterized also high free proline content.

Conclusions. Estimation of tolerance to abiotic stressors demonstrated
high enough level of cross-tolerance of Triticale callus lines obtained for
both salt and osmotic stresses. In prospect it is necessary to test maintenance
oftolerance in regenerated plants and their seed generations.

Key words: Triticale, saltstress, osmotic stress, tolerance, free proline,
callus lines
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