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The aim of the study was to determine the dependence of morphogenetic reactions of wheat callus tis-
sues to content of syntetic growth regulators of auxin nature (picloram, dicamba) in the nutrient medium.

Apical meristems of Triticum aestivum wheat were the primary explants for callusogenesis. Basic
culture medium MS supplemented by vitamins of Gamborg, dicamba at different concentrations (0.2,
0.4, 0.6 mg/1), and picloram (0.16; 0.25; 0.5 mg/l) was used for regeneration. It was established that
dicamba at a concentration of 0.2 mg/1 is the most effective for production of regenerants. It was also
observed that at the concentration of 0.16 mg/1 picloram there are the formation of the greatest number
of morphogenic zones (60% ) and a significant amount of plant-regenerants. Increased concentrations of
picloram to 0.25 mg/1 and 0.5 mg/l caused a decrease in the number of morphogenic islands: in the first
case, 10%, and the second — 36.4% . Among the described options the MS medium supplemented with
0.5 mg/1 6-benzylaminopurine and 0.16 mg/1 picloram was the most effective. Shoots obtained from cal-
lus culture were capable to form roots in vitro and adapt to septic conditions. Regenerated plants when

cultivated in greenhouse showed high viability (over 75% ) and reached the generative phase.

Key words: growth regulators, picloram, dicamba, Triticum aestivum, in vitro culture.

Modern biotechnology techniques based
on the use of plant tissues play an important
role in creating crops with valuable features,
as well as in improvement of their agronomic
characteristics. The in vitro culture of the
plant cells and tissues has caused great interest
lately, because it gives an ability to study the
physiological and genetic processes during the
grade improvement through increase in genetic
diversity [1]. To improve food properties of
wheat many attempts were made to pick the in
vitro cultivation conditions [2].

Despite the fact that many methods are
available for biotechnological modification at
the cellular level; their use in the process of
improving crops is often being complicated
by features of regenerating whole plants [3].
Regeneration of the monocotyledons is limited
by low morphogenetic potential, which, in
some cases, cannot give fertile plants [4]. In
addition, it is known that the intensity of callus
induction and regeneration of plants in the
tissue culture mostly depend on the content of
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growth regulators in the culture medium and
the type of explants. It is believed that the best
sources of explants for tissue culture are the
immature embryos and also apical meristem,
mature embryos, inflorescences, mesocotyl,
seeds and young leaves [5]. Also, one cannot
ignore the fact that hormonal balance is an
important factor that influences the in vitro
initiation and plant regeneration [1].

Usually active auxin growth regulators
are used as stimulants of the callus and root
induction [6]. However, regeneration of shoots
and somatic embryos from callus cultures also
occurs via the auxin, although the leading role
belongs to cytokines [7]. The combination of
these substances in certain ratio is important
in the initiation of morphogenetic processes in
vitro [8—11].

Effect of synthetic auxin active growth
regulators, namely picloram and dicamba,
for regeneration from callus cultures that
derived from apical meristem of wheat is
considered for the first time. Analysis of the
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literature showed that these plant hormones
are usually used as auxiliary components, so
their morphogenetic effect was not described.
The study emphasized on their leading role in
the regeneration of bread wheat. Besides, one
cannot leave out the fact that this kind of study
was first conducted in wheat T. aestivum c. v.
Zymoyarka which is strategically important for
further work towards genetic transformation
of cereals and properly selected conditions
of regeneration are the success in obtaining
valuable biotechnologically modified plants.
In view of the above, the aim of our study was
to determine the dependence of morphogenetic
callus tissue reactions of wheat on the content
of synthetic growth regulators auxin nature
(picloram, dicamba) in the culture medium.

Materials and Methods

The apical meristem of wheat T. aestivum
c. v. Zymoyarka provided by the Institute of
Plant Physiology and Genetics of the National
Academy of Sciences of Ukraine was used as
an initial explant for callus induction. The
choice of source material for the cultivation
was caused by its availability throughout the
year in large quantities and the absence of
seasonal influences on the tissue culture [2].
To obtain aseptic donor seedlings of apical
meristem the seeds were consistently sterilized
using 1% KMnO, solution for 3 min, 1%
solution of AgNO; — 2 min, 96% ethanol —
1 min and washed three times with sterile
distilled water [12, 13]. After sterilization,
the seeds were germinated at 24 °C and 16-h
photoperiod on a hormone-free MS medium for
3 days [14]. Apical meristems were separated
from the obtained 3-day-old seedlings and
placed on the modified MS medium for callus
induction, which contained 2 mg/1 2,4-D and
10 mg/1 AgNO;, vitamins of Gamborg [15]
and cultured at 26 °C in the dark for 18 days
(Fig. 1).

The formed 18-day old callus tissues had
been transferred to regeneration MS medium,
supplemented by vitamins of Gamborg
and growth regulators, which are shown
in Table 1. It was cultured at 24 °C and 16-h
photoperiod.

Shown the variable components only that
were used in media for regeneration. They
were compared with the control medium: in the
case of dicamba — medium MS, supplemented
with vitamins of Gamborg, 10 mg/l AgNO;,
and 1 mg/l BAP; if picloram — MS medium
supplemented with vitamins of Gamborg,
10 mg/1 AgNO; and 0.5 mg/1 BAP was used.

Fig. 1. Seedling of the wheat cultivar Zymoyarka
on the 3" day of germination (A) and separated
from their apical meristem (B)

In the experiment the shoot regeneration
features of 325 callus samples on media with
dicamba (Duchefa Biochemie, 3,6-dichloro-
2-methoxybenzoic acid), and 327 — with
picloram (Duchefa Biochemie, 4-amino-3,5,6-
trichloro-2-pyridinecarboxylic acid) were
investigated. The explants were cultured in
Petri dishes (560 pcs. in a cup). The quantity
of the morphogenic callus samples was noted
on the 18th day of cultivation. The analysis
of plant regeneration from 20th to 35th day
was performed every 5 days. MS medium for
regenerating supplemented with vitamins of
Gamborg, 10 mg/l AgNO; and BAP (1 mg/I1
and 0.5 mg/l depending on the version of
the experiment) was used as a control. The
percentage of shoot formation was determined
as the ratio of the number of explants that
formed the regenerated plants, to the total
number of explants.

The acquired regenerated plants were
separated from callus and planted on MS
culture medium with two times reduced sucrose
content, supplemented with 0.1 mg/1 NAA
(a-naphthylacetic acid) for the rhysogenesis
initiation. Rooting lasted for 2 weeks at a
24 °C and 16-hour photoperiod. Regenerants
with well-developed root system were adapted
to septic conditions using sphagnum moss as
a primary adaptive substrate. Plants were
subjected to quenching by increasing the

Table 1. Composition of the culture MS media
for the shoot regeneration from callus
of wheat cultivar Zymoyarka

10 mg/1 AgNOg, vitamins of Gamborg

1 mg/1 BAP + dicamba | 0.5 mg/1 BAP + picloram
1 0.2 mg/1 0.16 mg/1
2 0.4 mg/1 0.25 mg/1
3 0.6 mg/1 0.5 mg/1
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outdoor exposure from 20 min per day till the
noctidial stay throughout 2 weeks. Accustomed
to non-sterile conditions regenerants were
transplanted to an augmentation of yield,
which consisted of peat, sod land and sand in
the ratio 2:1:1 and cultivated in a greenhouse
under conditions of natural light and
temperature 22-28 °C.

The studies were performed independently
in triplicate by the following general scheme:

1) the same culture media were used;

2) the same physical factors (temperature,

lighting, etc.) were applied;

3) the time to collect data was agreed.

The results were statistically processed
using Microsoft Excel. To confirm the
accuracy of the results described above the
studies were performed in triplicate. This
approach provided the reproducible conditions
of experiment, because in all three cases the
differences between readings of regeneration
were not observed. For authenticity the
expected least significant difference (NCI),
which at P <0.05 was 3.23, and the relative
error of experiment (5.4% ) were calculated.

Results and Discussion

According to the literature [16] cells in
the G1l-phase dominate in the early stages
of cultivation that causes the transition to
specialize callus tissue. For induction of
morphogenesis it is advisable to use young
callus, which reached sufficiently large size
(5—7 mm) with cells that are actively dividing,
and which generally provides the ultimate
realization of regenerative potential of wheat.

Regenerative ability of cereal plants
depends on the availability of formed callus
morphogenic zones [17]. On the 15th day of
callus culturing under light conditions, the
appearance of green cells was noted. This callus
was attributed to the morphogenic type. Later,
some of them formed the regenerated plants.
Development of shoots began on the third week
of cultivation.

In the experiment to determine the impact
of dicamba on the regenerative ability of wheat
callus it was discovered that the investigated
growth regulator generally promotes the
formation of regenerants. However, the high
concentration of dicamba (0.6 mg/1) slows
down the growth of callus, reducing the
frequency of formation of morphogenic zones
and thus regeneration compared to the lower
concentration (Table 2). Besides, the initiation
of the regenerative processes had started two
times later (Fig. 2).

It is shown the average frequency of
regeneration in % (with error) for each of the
studied concentrations of growth regulators.
The regeneration media were compared with
each other and the most effective one was
determined. This turned out MS medium
supplemented with vitamins of Gamborg,
10 mg/1 AgNOs, 0.5 mg/1 BAP and 0.16 mg/1
picloram.

As the concentration was reduced, the
acceleration of the morphogenic zones and
shoot-regenerants formation had been
detected. Visual observations also confirmed

20th day of
cultivation

25th day of
cultivation

30th day of
cultivation

35th day of
cultivation

S0.2mg/l @oamg!  w0.6mg
Fig. 2. Influence of different concentrations
of dicamba on regenerative ability (%)
of callus cultures of wheat cultivar Zymoyarka
The control is not shown. The impact of concentra-
tion of growth regulator is compared only.

Hereinafter, * P <0.05.

Table 2. The frequency of callus formation and regeneration

0.5 mg/1 BAP + picloram

1 mg/1 BAP + dicamba

Concentration, % of morpho- % of regene- Concentration, % of morpho- % of regene-
mg/1 genesis ration mg/1 genesis ration
0.16 60+4.2% 35.5+2.0* 0.2 91.4+4.3% 15.1+0.9*
0.25 40=+1.7 25.1=+1.1 0.4 89.1+4.0 12.1+1.0
0.5 36.4=1.9 25+1.1 0.6 25+1.2 3.7+0.2
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the improvement of the physiological state of
cultures. It should be noted that the formation
of a large number of morphogenic sites was
observed on culture medium supplemented
with 0.4 mg/1 dicamba, though organogenesis
in this case took place mainly as rhyzogenesis,
described in the literature [18]. The shoot rate
of formation in the callus under the influence
of 0.4 mg/l dicamba has gradually increased
within 15 days, and the on the last stage of
observation the regeneration had almost
stopped (Fig. 3).

Fig. 3. Organogenesis of cultured wheat callus
on MS regeneration medium supplemented
with 0.4 mg/1 dicamba

The lowest content of dicamba (0.2 mg/1) in
the medium was found to be the most effective
for getting regenerants. At each stage of
regeneration throughout the whole 20 days the
emergence of new shoots was noticed, therefore
the callus had kept morphogenic capability
until the end of the experiment (Fig. 2). At
the later stages of the study the regeneration
slowed down and callus gradually lost the
ability of morphogenesis.

Similar to experiment with the use of
dicamba, we found that low concentrations of
picloram in the culture medium had positive
effect on morphogenetic processes in the
wheat callus. Thus, at the lowest concentration
(0.16 mg/l) of the substance the highest
regenerative activity had been observed:
the formation of the greatest number
of morphogenic sites (up to 60%) and a
significant number of plant regenerants on the
30'"-35'" day of cultivation (Fig. 4).

It should be noted that after the 30" day of
cultivation the regenerant quantity increase
had stopped. This phenomenon suggests that
the regeneration potential of wheat callus had
been exhausted during the aforementioned
period.

The increase in concentrations of picloram
to 0.25 mg/]1 and 0.5 mg/] causes a decrease

in the number of morphogenetic zones: in the
first case by 10%, and in the second — by
36.4% . At high concentrations of the studied
regulator, necrotic processes in the large
regions of the callus and reduced regeneration
activity were spotted. Thus, increasing the
concentration of picloram in the culture
medium adversely affects morphogenetic
capability and regeneration of shoots of wheat.
To confirm the positive effect of selected
concentrations of picloram (0.16 mg/l) not
only the 18-day calli but the older, such as
30-days old ones were tested, for which the
same pattern had been observed. However, the
plant regenerants formation rate was lower
compared to the previous version (Fig. 5).
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Fig. 4. Rate of formation of plant regenerants (%)
on the MS culture medium supplemented
with different concentrations of picloram

Similarly, Fig. 2 shows the regenerative ability
of callus cultures of wheat (%) depending
on the content of different concentrations

of picloram in combination with 0.5 mg/l BAP.

20th day of 25th day o 30th day of

35th day of

cultivation cultivation cultivation cultivation
% 18-day " 30-day

callus of picloram callus of picloram

Fig. 5. Regenerant formation (%)
in the 18 and 30-days old callus on medium
supplemented with 0.16 mg/1 picloram
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Comparing the above experiments with
both growth regulator options investigated,
the regenerative MS medium supplemented
with 0.5 mg/1 BAP and 0.16 mg/I picloram had
proven to be the most effective (Fig. 6).

In addition to the active formation of
meristematic cells, regeneration of shoots
and roots in a given environment, the overall
physiological condition of the callus during
all phases of the experiment was satisfactory.
Importantly, in the later stages of cultivation
(30—35 days) these parameters remained at
a stable high level. The dicamba presence in
the culture medium provided relatively lower
regeneration potential, and a smaller number
of morphogenic zones. Much of the callus
remained non morphogenic, moving in the
stationary phase of growth and showing signs
of aging.

Research shows that stems derived from
callus cultures can form in vitro roots and adapt
to septic conditions. Adapted regenerated
plant, cultivated under greenhouse conditions
had shown high viability (over 75%) and
reached the generative stage of development
(Fig. 7).

The results are also consistent with the
statement that the highest capacity for callus
morphogenesis is characteristic for the callus
of compact structure and slow growth speed
[19]. Therefore, in the current study, the
same 18-day callus was used that had all the
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20th day of 25th day of 30th day of 35th day of

cultivation cultivation cultivation cultivation
= 0.5 mg/l BAP, #1 mg/fl BAP,

0.16 mg/l picloram 0.2 mg/l dicamba

Fig. 6. Comparative characteristic of the callus
regenerative capacity (%) on MS nutrient medium
supplemented with 0.5 mg/1 BAP in combination
with 0.16 mg/1 picloram and 1 mg/1 BAP
in combination with 0.2 mg/1 dicamba
Because the effects of 0.16 mg/1 picloram
and 0.2 mg/1 dicamba were compared between
each other the control is not shown in this figure.
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characteristics mentioned above, and was
sufficiently large (5—7 mm) and still quite
young, to ensure the best possible regeneration
potential of wheat.

Fig. 7. Rooting (A) and adaptation
of plants-regenerants
to the soil conditions (B, C)
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BILJIUB CHHTETUYHHUX
AYKCHHOIIOAIBHUX PET'YJISATOPIB
POCTY HA PETEHEPAIIIVTHY 3TATHICTEH
KAJIIOCY M’SIKOI IIIIIEHHAIII
COPTY 3UMOSAPKA

I.P. Fop6amlorc1
A.B.Bason'?
A. B.T'ony6enro® 3
B. B. Mopeyn' 2

lIHc'rI/I'ryT KJIiTuHHOI 6i0J0Tii Ta reHeTUYHOI
in:xenepii HAH Vkpainu, Kuis
2IHCTI/ITyT (isgiosorii pocsuH i reHeTUKYU
HAH Vkpaiuu, Kuis
SKuiBchKuil HAIiOHATBHUI yHiBEepcuUTeT
imeni Tapaca IlleBuenka, YKpaina

E-mail: molgen@icbge.org.ua

MeToro gocaimskeHHS OyJi0 BCTAHOBUTH 3a-
JeXKHICTh MOP(OTeHeTUYHNX PeaKIill KaJloCHUX
TKAHUH MNIIeHUIl BiJl BMiCTy B JKUBUJHHOMY Ce-
PEeIOBUIII CUHTETUUYHHNX PETryIATOPIiB POCTY ayK-
CHUHOBOI mpupoau (ImikjaopaM, fuKamoa).

IlepBUHHUMY eKCILJTAHTAMHU IJA KaJiocore-
He3y CJAYyTyBaJU alliKaJbHI MEepUCTEeMU IIIIIeHUITL
Triticum aestivum. Jlyia pereHepaitii BUKopucra-
HO 6a30Be "KUBUJIbHE cepenoBuiliie MS, momoBHeHe
BiTaminamu 3a 'amOoprom, pisHUMU KOHIIEHTpA-
migmu gukamoéu (0,2; 0,4; 0,6 mr/ma) Ta mikJaopa-
my (0,16; 0,25; 0,5 mr/a). BecranoBieHo, 1110 AJIA
olep:KaHHA pPereHepaHTIB Halle(eKTUBHIIITOIO
e nukamba B KoHI1eHTpaIii 0,2 mr/J. 3a KOHIIEH-
rpanii 0,16 mMr/m mikJopamy crocTepiraerbcsa
YTBOPEHHA MaKcuUMaJbHOI KimbkocTi (o 60% )
MOpP(OTreHHNX OCEPESIKiB, a TAKOMK 3HAUHOI KiJb-
KOCTi pocJuH-pereHepanTiB. 30iabITeHHA KOH-
meHTpaiii mikmaopamy go 0,25 mr/x ta 0,5 mr/a
CIIPUUYMHIOBAJIO 3MEHIIeHHS KiJbKocTi Mopdo-
TeHHUuX 30H: y mepiromy pasi Ha 10%, a B apy-
romy — Ha 36,4% . Cepen onucaHux BapiaHTiB
Halie)eKTUBHIIIIUM € cepemoBuilie MS, momoBHe-
"He 0,5 mr/n 6-6ensunaminonypuny i 0,16 mr/a
nikgopamy. OmepsKaHi 3 KyJbTypu KaJOCy Haro-
HU 3JaTHiI YyTBOPIOBATH KOPEHi in vitro Ta agai-
TYBaTUCA OO CEITUYHUX YMOB. PocauHu-pereue-
pauTH 3a KyJbTUBYBAHHS B YMOBaX 3aXMUIIEHO-
TO I'PYHTY BUABJIAIOTH BUCOKY JKUTTE3TATHICTH
(mouanm 75%) i mocAraioTh TeHepaTHUBHOI cTamii
PO3BUTKY.

Knawouwosi cnoea: peryaaTopu poCTy, IIiKJopam,
nukamba, Triticum aestivum, KyabTypa in vitro.
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BJIUSAHUE CHHTETHUYECKHUX
AYRCHHOIIOJOBHBIX PET'YJSATOPOB
POCTA HA PETEHEPAIITMOHHY IO
CIIOCOBHOCTD KAJIJIYCA
MATKOH IMIIMEHUITHI COPTA 3UMOSAPKA

H.P. I‘op6amrorc1
A. B. Bason'?
A. B.Tony6enro’ 3
B. B. Mopeynl’ 2

'MucTuTyT KIIETOUHOM 6HOIOrMA U FeHeTHUYECK Ol
un:xeHepuu HAH Ykpaunnl, Kues
2I/IHc'rI/ITyT ¢usumosoruu pacTeHuil U reHeTUKN
HAH Vkpaunsi, Kues
SKueBCcKuUil HAIMOHAIBHBIN YHUBEPCUTET UMEHU
Tapaca IlleBuenko, YKpauHa

E-mail: molgen@icbge.org.ua

IMenbro uccaegqoBaHmA OBIJIO YCTAHOBUTH 3a-
BUCHUMOCTh MOP(OTEHETHUYECKUX PeaKI[uil KaJ-
JIYCHBIX TKaHe# MIIMeHUIIbI OT COAeP:KaHUsA B U-
TaTeJbLHOM cpe/ie CHHTEeTUUECKUX PEryJIsaTOPOB Po-
CcTa ayKCUHOBOM IPUPOALI (MUKJIOpaM, TuKamba).

ITepBUYHBIMHY 9KCILIAHTAMU AJIA KaJJaycore-
Hesa ObLIM alMKaJbHbIe MEPUCTEMBI IIIITEHUIIbI
Triticum aestivum. [Ina pereHepanuu UCIIOJIb-
30BaHa 0as3oBas muTaTesbHas cpena MS, momoJ-
HeHHas BUTaMUHaMU 110 ['aMOopry, pasjinuyHbIMI
KoHIeHTpanmuamu auxkamb6s! (0,2; 0,4; 0,6 mr/x)
u ntukjaopama (0,16; 0,25; 0,5 mr/m). YcranosJe-
HO, YUTO IJIA IOJIYYEeHUsI PereHePaHTOB HauboJiee
3 (peKTUBHON ABIAAETCA AUKaM0Oa B KOHIIEHTpPA-
nuu 0,2 mr/n. Ilpum koumenrpanuu 0,16 mr/ua
nmuKJopaMa HabammgaeTca obpasoBaHUe MaKCHU-
MaJsbHOTO KosmuecTBa (1o 60% ) MopdoreHHBIX
ouaroB, a TaKiKe 3HAUYUTEJHLHOTO KOJUUYEeCcTBa
pacTreHuii-pereHepaHTOB. Y BeJnueHUe KOHIIEH-
Tpanuu nukjaopama g0 0,25 mr/ua u 0,5 Mr/a BbI-
3bIBAJIO YMEHBIIIeHNEe KOJIUYeCTBa MOP(OTEHHBIX
30H: B IepBoM cayuae Ha 10% , a Bo BTopoM — Ha
36,4% . Cpenu ommcaHHBbIX BapUaHTOB HamboJiee
s dpexTUBHOU aABIAeTcA cpema MS, momoJHeH-
Hadg 0,5 mr/n 6-6ersunamuuonypusa u 0,16 mr /i
nukJgopama. I[losryuyeHHbIe U3 KYJIbTYPBI KajLIyca
moberu crmocoOHbl 00Pa30BBIBATH KOPHU in Vitro
U aZalTUPOBATHLCA K CEITHUUYECKUM YCJIOBUIM.
PacreHus-peresepaHThl IPU KYJIbTUBUPOBAHUN
B YCJOBUSX 3aIUINEHHOTO TPYHTAa MPOABIAIOT
BBICOKYIO JKM3HECII0COOHOCTE (6osiee 75% ) u mo-
CTUTAIOT 'eHePATUBHON CTaAUN PA3BUTHS.

Kntouesvle cnoea: peryasaToOpbl pOCTa, IHUKJO-
pam, muxamba, Triticum aestivum, KyJabTypa
in vitro.





