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Two types of long-term highly embryogenic and regenerable calli has been obtained in tissue culture of several
wheat genotypes: compact (CE) — from seven and friable (FE) — from three investigated cultivars. Both types of
tissues maintained their embryogenic potential over 10-12 passages. Regeneration capacity of CE calli was very
high (100 %) and took place spontaneously on the maintenance media with 1,0 mg/l 2,4-D. Regeneration capacity
of FE calli was significantly lower (0-2 %) and took place only on differentiation media with BAP, kinetin and
organic substances. It has been revealed, that the distinctions in regeneration ability of FE and CE calli were related
to the peculiarities of their cytomorphological structure. Reproducible genotype-independent system for long-term
regeneration in wheat tissue culture has been developed on the base of this investigation.

INTRODUCTION

Elaboration and widely application of cell
biotechnology for the improvement of cereal crops
is limited by two major reasons. First, in vitro culture
of cereals shows strong genotype dependence and
production of the appropriate culture type is generally
limited to few cultivars or cell lines [1, 2]. Second,
the majority of cereals cultures lose their morphogenic
capacity after several subcultures [3]. Therefore, the
one of the main goals of plant biotechnology is to
develop genotype independent systems of long-term

embryogenesis and regeneration in vitro for further
application in biotechnology for the genetics
improvement of important agricultural crops. The aim
of this investigation was the obtaining and
cytomorphological characterization of long-term
embryogenic and regenerable callus tissues from
different wheat genotypes and search of ways to
overcome genotype limitation of processes of
embryogenic potential maintenance.

MATERIAL AND METHODS

Immature embryos (1,0-1,4 mm long) of eight
Triticum aestivum genotypes (Otan, Celinnaya 38,
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Akmola 2, Kazakhstanskaya 10, Kazakhstanskaya
15, Kazakhstanskaya 25, Bobwhite) were cultured
on MS [4] medium with 2.4-D (1,0 and 5,0 mg/l).
Morphogenetically perspective globular calli have
been selected after one month and subcultured for
the obtaining of long-term embryogenic calli by two
ways: a) incubation on the MS medium supplemented
with different level of 2.4-D (1,0 mg/l and 5,0 mg/1),
30 g maltose, 1000 mg/I casein hydrolyzate and 500
mg/l l-proline; b) incubation on the MS medium with
high level of 2,4-D (5,0 mg/l) and KH,PO, (1700
mg/l) and following subculture on the MS medium
with 5,0 mg/l 2,4-D and normal concentration of
KH_PO, (170 mg/l) [5]. All cultures were incubated
at 26x2 C? with a 16-h photoperiod and subcultured
every 30 days. Regenerated shoots were transferred
to rooting media with 0,5 mg/l NAA. Regenerated
plants were grown to maturity in soil.

Different types of embryogenic callus tissues (28
days of culture, passages Ne5 and Nel0) were fixed
for hystologycal study in Chemberlen fixing solution
(ethanol-formalin-acetic acid) [6]. Paraffin sections
(10-12 mkm) were stained with gematoxiline, Schiff’s
reagent and alcian blue according to Kamelina O P. [6].

RESULTS AND DISCUSSION

Previous investigation of morphological
heterogeneity and metamorphosis of wheat calli
revealed that globular tissues are most
morphologically stable callus type and was found as
perspective for morphogenesis processes and
universal for different genotypes [7]. In the present
work we have used globular calli for the experiments
on the obtaining of long-term embryogenic and
regenerable wheat callus tissues. Long-term compact
embryogenic (CE) calli were induced from globular
tissues after incubation on the MS medium with
different level of 2,4-D (1,0 mg/l and 5,0 mg/l)
supplemented with 30 g maltose, 1000 mg/l casein
hydrolyzate and 500 mg/l I-proline. Friable
embryogenic (FE) tissues were derived from globular
calli after subculture on MS medium with high level
of 2,4-D (5,0 mg/l) and KH,PO, (1700 mg/l) and
following subculture on the MS medium with 5,0 mg/
1 2,4-D and normal concentration of KH, PO, (170
mg/l) [4].

Both the compact and friable embryogenic calli
maintained their morphogenic capacity over many
subcultures (over 10-12 passages). Type I calli has
been obtained from all seven investigated cultivars,
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type II calli has initiated from three of seven tested
genotypes (Otan, Akmola 2, Celinnaya 38S).
Frequency of compact embryogenic calli formation
varied for different genotypes and 2,4-D
concentrations in the media (tab. 1). For example,
high frequency of CE calli initiation on the media with
both concentration of 2,4-D has been observed for
cultivars Otan and Bobwhite (46,2 — 46,7% at 1,0
mg/l 2.4-D; 84,1 — 87,5% at 5,0 mg/l 2,4-D), low
frequency — for cultivars Kazakhstanskaya 15 and
Kazakhstanskaya 25 (19,7 - 22,5% at 1,0 mg/l 2,4-
D; 44,0 — 58,8% at 5,0 mg/l 2.4-D). Frequency of
CE calli formation on the media with 1,0 mg/l 2,4-D
for all seven genotypes was higher (from 44,0 % up
to 87,5 %), than on the media with 5,0 mg/l 2.4-D
(from 19,7 % up to 46,7 %). Frequency of FE calli
induction was very low and approximately equal for
different genotypes (0 — 1,0%).
The table 1. Frequency of compact embryogenic calli

initiation from the globular type of wheat calli (Triticum

aestivum)
Genotypes % frequency of compact
embryogenic calli

1,0 mg/12,4-D 5,0 mg/124-D
Otan 84,1+23 46,7+19
Bobwhite 875+1,6 462 +22
Celinnaya 3S 62,9 £12 433+08
Kazakhstanskaya 10 53,1+1.8 23,6 £2.0
Kazakhstanskaya 15 440=+1,5 225+05
Kazakhstanskaya 25 58,8+ 0.9 197+14
Akmola 2 575+16 28,0+08

Despite of some distinctions in the frequency of
CE calli formation embryogenic and regenerative
potential of this tissue type were maintained during
the long-term subculture (over 10-12 passages) at
all investigated wheat genotypes. Regeneration
capacity of CE calli was very high (100 %) and plant
regeneration from the embryoids took place
spontancously on the maintenance media containing
1,0 mg/l 2,4-D. No any replacement on the
regeneration media was necessary for the shoot
formation in CE calli in the presence of 1,0 mg/1 2,4-
D. Embryo differentiation and plant regeneration in
the media with 5,0 mg/l 2,4-D were blocked and
occurred only after the transfer on the media with
1,0 mg/12.4-D. Regenerated shoots have been grown
on MS media with 0,5 mg/l NAA for the rooting and
landed in a ground. All obtained plants were fertile
and gave seed progeny.
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Morphogenic potential of FE calli was
significantly different from CE tissues. FE calli
produced embryoids on the maintenance medium with
5,0 mg/l 2,4-D during the 3-5 years, but the plant
regeneration capacity of embryoids was difficult and
took place very rare (0-2 %). Plant regeneration of
FE calli took place only after subculture from the
maintenance medium to the medium for embryoids
differentiation supplemented with 0,5 mg/l BAP,
0,5 mg/l kinetin, 1000 mg/1 casein hydrolyzate and
500 mg/1 1-proline.

Microscopically, considerable morphological
distinctions between the compact and friable
embryogenic calli have been revealed (Figure 1).

Type I callus consists of large groups of densely
packed parenchyma and meristematic cells, which
produce embryoids in globular stage (Figure 1 a.b).
Many vascular bundles are present at the base of
the meristematic regions. The origin of embryoids in
type I callus is not clearly visible in hystologycal
preparations. We suppose that they have both
multicellular and unicellular origin.

Type 1I callus completely lacks any vascular
system and consists of friably disposed competent
embryogenic cells, two-three celled proembryoids and
globular embryoids (Figure 1c). All these cells and
structures are isolated each from other and situated
in the dense net of extracellular mucilage matrix.
Presence of competent cells and two-three celled
proembryos surrounded by thickened cell wall (Figure
1d) confirm unicellular origin of embryoids FE calli.
The last make this callus type very useful for study

Figure 1. — (a) — General view of compact
embryogenic (CE) calli;
( b) — Embryogenic complex and globular
embryoid arising from CE calli (Type I);
(c, d) — Totipotent cells and 2-, 3-, 4-celled
proembryoids of FE calli (Type II) situated in the
dense net of mucilage

of the regulation of somatic embryogenesis process
from the one cell to embryoid and whole plant.

Thus, the distinctions in regenerative ability of
FE and CE callus tissues on maintenance media could
be explained by the difference of their
cytomorphological organization. For example, somatic
embryoids of CE calli reach the globular stage,
differentiate and spontancously regenerate green
plants on the maintenance media with 1,0 mr/n 2,4-
D. Embryoids in FE calli remain at the early stage of
development - competent cells and two-three celled
proembryos, which can not differentiate and produce
plants because of embryo development arrest on the
maintenance medium with high concentration of 2.4-
D (5,0 mg/l).

On the base of the obtaining of compact
embryogenic calli the system of stable long-term plant
regeneration of has been elaborated. This system has
been successfully tested by the use of six wheat
hybrid combinations as well. It means that the
developed system of long-term regeneration is
genotype-independent and it allows overcome
distinctions in morphogenic ability between the
genotypes and hybrids. Therefore, developed system
allows to overcome two difficulties in cell
technologies: the dependence of morphogenesis
processes in vitro from genotype and the loss of cells
and tissues regenerative ability during the long-term
subculture. These results confirm hypothesis that
differences in cultivar response are physiological in
nature and could be overcome by the selection of
stable morphogenic tissues and optimization of media
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composition [2, 8]. Developed in vitro system could
be used for elaboration of cell biotechnologies for
the genetic improvement of previously recalcitrant
commercially important wheat cultivars.
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Pezrome

Bupait ynma kynasTypachiHAa €Ki TYPAL Y3aKd Mep3imMii
JKOFaphl HMOPHOTEH/II JKOHE pereHepariusara KadieTTi KajIyce
YInanapbl anelHABL THIFBI3 (TD) — jKeTi TeHOTHIITEpiHE KOHE
OopbuTaaks (B3) — 3epTTenreH XKeTi F'eHOTUITEPIiH YITCYiHeH.
On Typrepaid ekeyi ae sMOprorenai kabinetin 10—-12 macca-
KFa Jeifin cakTaiigpl. TO KanaycTapJblH pereHeparusiblo
KaOineTi oTe sxorapsl (100 %), skoHe ocy YpaiciH cakTaiThiH 1,0
Mr/71 2,4-]] 6ap KOpeKTiK opTaja oCiMIIKTEp ©3/IcpiHEH 31 Mai-
Ja 6onanel. BD kammyctapia eciMaiKTep pereHeparus ypaiici
ote ToMeH (0-2 %) xxoHe audepenimanusra apaanrad BALL,
KUHETUH JKOHE OpTaHUKAIBIK 3aTTap KOCLIIFaH KOPEKTIK op-
Tara KelipreHHeH KeliH FaHa aiaa 6onazpl. BO xone TO kan-
TYCTAp/bIH 9P TYPJi pereHepanusiibd KabineTTepi oaapabiH
IATOMOP(OTOTHSAIBIK KYPHITTBIMBIHBIH ©3TelenikTepine Oaii-
JIAHBICTHI €KeH1 aHBIKTAIBI. By 3epTTeyiH HOTHXKECIH e On-
Jaii yina KylnbTypachIHAa TeHOTHIITEH ereMeH 1 Y3aK Mep3iM/l
pereHepailus d1ici JKacabIH bl

Pesrome

Ilomy4eHs! fBa THHA AMUTENLHO KYIbTHBHPYEMBIX BLICO-
KOOMOPHOTSHHBIX U peTeHepalliOHHOCIOCOOHBIX KalIycoB B
KyJIbType TKaHell HEKOTOPLIX [CHOTUIIOB MINECHHUILI: IIOTHBIN
dI9) — y cemu, poixibiit (PO) — y Tpex U3 ceMu M3yueHHBIX
reHoTuNOB. O0a THUIa TKaHell cOXpaHSIOT YMOPHOreHHLIH TO-
TeHIHam B TeueHue Oonee yeM 10—12 maccaxeit. Perenepaiinon-
Has crmocobHocTh [1D kanmycor odeHb Bhicokas (100 %), u
pereHepalusi pacTCHIH IPOUCXOAUT CIIOHTAHHO Ha cpejie AJIs
nojiepxkanus pocta ¢ 1,0 Mr/n 2.4-J[. CiocobHOCTh K pereHe-
pauuu pactenuii y PO kaninycoB ouenn Huskas (0-2 %) u npo-
SIBJISETCS TONBKO TIOCHIE TIepeHoca Ha cpely Juist AuddepeHiu-
anuu, cosiepxainyio BAIL, kuHeTHH U opraHudeckue JOOABKH.
Pasnuuus B pereneparmontoit cnocodnoctd PO u 11D kammy-
COB CBSI3aHBI ¢ 0COOCHHOCTSIMH UX U TOMOP(OTOTHIECKOTO CTPO-
enus. Ha ocHOBe pe3ynbpTaToB HceneoBaHus Oblna paspaboTa-
Ha BOCIIPOM3BOANMAs TeHOTHII-HE3aBICHMas CHCTEeMa JTTHTEITb-
HOM pereHepallii B KyIbType TKaHEH IITCHUIIE.




