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Development of an effective technique for callus
formation from mature embryos of Triticum spelta L.
and Triticum aestivum L.
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Purpose. Introducing in vitro culture and obtaining calluses from mature embryos of 3 samples of spelt wheat with
further quantitative comparison of their callusogenesis with 2 samples of soft wheat. Methods. For this study, 5 samples
of hexaploid wheat were taken: 3 spelt and 2 soft wheat. Grain sterilization was performed with 96% ethyl alcohol and 5%
sodium hypochlorite solution. Mature embryos were taken as 7n vitro explants. For callusogenesis, three types of Murashige
and Skoog (MS) nutrient media with different component composition were used. The explants were cultured in the
dark along 21 days. Results. The optimal conditions for the induction of tissue culture of Triticum spelta L. and Triticum
aestivum L. from mature embryos were developed. The callus, obtained from the different samples, grown on the three
types of modified MS nutrient medium did not differ morphologically. The spices of ‘Europa” spelt, ‘Bunchuk” and ‘Elegiya
Myronivska’ soft wheat, regardless of the medium composition, differ by high callus formation efficiency, while the explants
of “Zorya Ukrainy’ spelt produce slow callus formation. Conclusions. Mature embryo explants formed tissue culture of 3 spelt
specimens and of 2 soft wheat specimens. It was found that the most effective for callus formation from the explants of
mature soft wheat and spelt germs was the MS nutrient medium with 3% sucrose, supplemented by 2 mg/l of 2,4-D and 10
ml/L of argentum nitrate. The efficiency of callusogenesis on the 21 day of cultivation, depending on the sample, varied
between 80.2% and 100.0%. The tested samples differed in their ability to form calluses on nutrient media with different
component composition.
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With regard to the economic spread of soft

Introduction

Wheat (Triticum aestivum L.) and spelt
(Triticum spelta L.) are important industrial
crops. It is known that in the world today the
soft wheat sown areas cover about 220 million
hectares and the annual grain harvest is about
749 million tons [1]. At the same time spelt, in
contrast to soft wheat, occupies a narrow niche

and is often in demand on the organic market.
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wheat and the demand for organic products, it
is promising to create new varieties of soft
wheat and spelt that will have improved eco-
nomic value such as increased yield, resistance
to lodging, biotic and abiotic stresses. Classical
genetics does not have enough time to meet the
modern needs of creating new promising plant
material, so it is advisable to use biotechno-
logical and genetic engineering approaches to
solve this problem. It is important to obtain
tissue culture in vitro of the original sample,
to transfer the genes of economically valuable
features and to create plant material with im-
proved properties. Therefore, the first stage of
this work is the introduction of the original
working sample in culture in vitro.

It is known that plant regeneration in vitro
is both direct and indirect. For the indirect
type of in vitro regeneration, the callus forma-
tion stage is important. In the future, the cal-
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lus will regenerate into plant through organo-
genesis or somatic embryogenesis. Indirect
regeneration is quite typical of cereal crops.
Therefore, the formation of an organogenic
callus is very important and necessary step in
the development of an effective spelt regenera-
tion system. In view of this, the efficacy of the
callusogenesis stage for obtaining the spelt
callus was studied.

For today, there is virtually no data on the
effectiveness of spelt callusogenesis, as it is
less studied than soft wheat, for which is
known many approaches to callus production.
Introduction to culture in vitro should begin
with the selection of the type of explant. In
most cases, the apical meristems of young
seedlings [2], immature embryos [3] and ma-
ture embryos [4] are used as explants for soft
wheat.

For the induction of callus formation, one
can use the ratio of growth factors, artificial
auxins and cytokinins, in which more auxins,
namely 2,4-dichlorophenoxyacetic acid (2,4-D)
[3, 5], picloram, 1-naphthylacetic acid (NOC) ,
thidiazuron (TDZ), indole-3-acetic acid (I0C),
etc. and less (or even absent at all) cytokinins
- kinetin [3], 6-benzylaminopurine (BAP), etc.
In addition to reducing the risk of tissue cul-
ture contamination by various microorgan-
isms, argentum nitrate can also be used in
addition to antibiotics and fungicides [6].

It is known that to obtain calluses from ma-
ture embryos, you can use the basic MS me-
dium and after three weeks of cultivation pro-
ceed it on the MS medium with 2 mg/1 of 2,4-
D [7]. The combination of 2,4-D with concen-
tration of 2 mg/l and argentum nitrate with
concentration of 10 mg/l are used for the cal-
lus formation from leaf explants [8]. The com-
bination of 2,4-D (1.5 mg/l) and kinetin (0.5
mg/l) is used to obtain callus culture from
wheat anthers on the nutrient medium C-17 [9].
Artificial auxin 2,4-D with concentration of 2
mg/l as part of the MS base medium can be
used to induce callus formation of soft wheat
[4, 10] and durum wheat [11]. MS-based growth
medium with 2.5% sucrose and half of MS
salinity (1/2 MS medium) with the 2 mg/1 con-
tent of 2,4-D causes callus formation of soft
wheat after two weeks of cultivation [12]. In-
creasing the concentration of 2,4-D to 3,0-3,5
mg/l has a positive effect on the formation of
calluses from explants of mature grains [13].
The use of 2,4-D with concentration of 1 mg/1
without the use of other growth regulators
leads to the formation of compact calluses, but
increases rhizogenesis and subsequently ad-
versely affects on the quality of formed em-
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bryoids. For the formation of embryogenic cal-
lus the most optimal concentration of 2,4-D is
2 mg/1 [14]. In his work, Baday S. J. S. [15]
noted that for the induction of callusogenesis
from explants of mature embryos, the most
optimal concentrations of 2,4-D and kinetin in
the MS base medium are 2.5 and 0.9 mg/I, re-
spectively. It is also known that argentum ni-
trate with the concentrations of up to 10 mg/1
contributes to the formation of somatic durum
wheat embryoids for explants of immature em-
bryos [16].

The purpose of the study was to introduce
mature embryo explants into in vitro culture,
to obtain calluses of 3 spelt specimens and to
compare the effectiveness of their callusogen-
esis with 2 specimens of soft wheat.

Materials and methods of research

Five samples of hexaploid wheat were select-
ed for the study: soft spring wheat - Triticum
aestivum L. cultivar °‘Elegiya Myronivska’
(sample No. 1), winter - Triticum aestivum L.
cultivar ‘Bunchuk’ (No. 2), winter spelt - Trit-
icum spelta L. varieties of ‘Alberta’ (No 3),
‘Europa’ (No 4) and ‘Zorya Ukrainy’ (No 5). We
chose these samples because ‘Bunchuk’ and
‘Elegiya Myronivska’ varieties are national
standards for soft wheat and ‘Zorya Ukrainy’
variety for spelt. Two other spelt samples -
‘Europa’ and ‘Alberta’ were taken to compare
the spelt data obtained. The seed samples were
obtained from the collection of All-Ukrainian
Scientific Institute of Breeding LLC.

Separated from the grain mature embryos
were taken as explants for introduction into
culture in vitro. The grains were sterilized
with 96% ethyl alcohol for 5 min, 5% sodium
hypochlorite for 10 min and three times washed
in sterile distilled water. For easier separation
of mature embryos from the grain, 2 hours
pre-soaking in sterile distilled water was per-
formed.

For the induction of callusogenesis we used
three types of modified nutrient medium Mu-
rashige and Skoog (MS) [17]: MS No.l1 supple-
mented by 1 mg/l of 2,4-D, 0,5 mg/1 of piclo-
ram, 150 mg/1 of ceftriaxone and 3% sucrose;
MS No.2 supplemented by 2 mg/] of 2,4-D, 10
mg/l of AgNO3, 150 mg/l of ceftriaxone and
3% sucrose; MS No.3 supplemented by 2 mg/I
of 2,4-D, 0,5 mg/1 of kinetin, 150 mg/l of cef-
triaxone, 2% sucrose and vitamins for nutri-
ent medium [18].

The explants were uniformly (45-55 items)
placed on Petri dishes with appropriate nutri-
ent medium and cultured in the dark at 25°C
for 21 days. 5 replicates were used for each
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sample and type of culture medium. The inten-
sity and nature of callusogenesis was assessed
every 7 days. This took into account the size
of calluses, their structure, color, frequency of
formation and nature of growth.

The effectiveness of callus formation was de-
termined by the formula (K / E) 9 100, where,
K is the number of explants on which the cal-
lus was formed, E is the total number of culti-
vated explants [19].

Results and Discussion

For in vitro culture, mature embryos of spelt
and soft wheat were cultivated on three types
of nutrient media to induce callusogenesis. We
obtained in vitro culture of ‘Alberta’, ‘Europa’,
‘Zorya Ukrainy’ spelt tissues and soft wheat of
‘Bunchuk’ and ‘Elegiya Myronivska’. The find-
ings of callus formation efficiency are present-
ed in Table 1.

Table 1
The efficiency of callus formation from mature embryos
of 3 samples of spelt and 2 samples of soft wheat after
21 days of growth on nutrient media of different
component composition

efficiency of callusogenesis increased to 99.2;
98.4 and 86.2%, respectively (Table 2). Based
on the results obtained, it can be assumed that
2,4-D with the concentration of about 2 mg/1
and argentum nitrate with the average concen-
tration (about 10 mg/1) have the positive effects
on the efficiency of callusogenesis.

Hussein K. Zaire Al-Kaaby et al. [6] note
that argentum nitrate plays a role in the for-
mation of embryogenic callus. High concentra-
tions (more than 10 mg/l) of this agent are
capable of causing an inhibition of callus for-
mation as well as low (less than 5 mg/l). Ar-
gentum nitrate with the concentration of 5-10
mg/l has a positive effect on the formation of
embryogenic callus [6].

It was found that the addition of 2,4-D with
concentration of 2 mg/l into the nutrient me-
dium leads to 97.6-100.0% range of mature
embryos callus formation depending on the
sample [20].

Table 2
The dynamics of callus formation of 3 spelt specimens
and 2 specimens of soft wheat on MS No. 2 nutrient
medium along 21 days of growth

The efficiency of callus formation (%), X+ S
Cultivar MS medium | MS medium | MS medium
No.1 No.2 No.3

‘Elegiya Myronivska”| 95,0+7,0 | 99,2+1,7 | 91,6 + 10,5
‘Bunchuk’ 966 +4,9 | 98435 | 948+438
‘Alberta’ 86,4+86 | 86278 |760x+17,1
‘Europa’ 97,8+4,9 |1000+0,0 | 98,044
‘Zorya Ukrainy’ 72,0+ 16,3 | 80,2+ 19,7 | 64,0 £ 15,3

Note. x — mean, S — mean sampling error.

It is shown that the test specimens differ in
their ability to form a callus. The highest per-
centage of callusogenesis was observed with
nutrient medium MS No. 2. It varied within
80.2-100.0% for 21 days of growth for differ-
ent samples (Table 2). Thus, on the 7" day of
cultivation, the percentage of callusogenesis ef-
ficiency was not less than 59.8%, and on the
215t day - it already exceeded 80.2%. For this
nutrient medium, the most effective callus for-
mation was found for the sample of ‘Europa’
spelt for 21 days of growth - 100% (Table 2).
The lowest efficiency of callus formation was in
the sample of the spice variety ‘Zorya Ukrainy’.
On the 7th day of callusogenesis it was 59.8%,
and on the 21st day - 80.2% (Table 2). Wheat
specimens of ‘Bunchuk’, ‘Elegiya Myronivska’
and ‘Alberta’ spelt showed average callusogen-
esis efficiencies compared to the above. On the
7 day of growth on the nutrient medium MS
No. 2, these samples showed the following re-
sults: 90,2; 95.0 and 75.0%, respectively (Table
2). On the 21 day of cultivation, the average
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Theefficiency of callus formation (%), X+S
Cultivar 7th day of | 14th day of | 21st day of
culturing | culturing culturing

‘Elegiya Myronivska’ |90,2 +10,1| 92,8 +5,0 | 99,2+ 1,7
‘Bunchuk’ 950+4,5 | 984+35 | 984+35
‘Alberta’ 750+11,7/77,8+ 10,6 | 862+7,8
‘Europa’ 95,0+5,0 | 97,2+4,7 | 100,0 0,0
‘Zorya Ukrainy’ 59,8 + 13,4/ 68,6 + 14,3 | 80,2 £ 19,7

Note. X — mean, S — mean sampling error.

The next nutrient medium suitable for re-
ceiving callus was MS No.1 (Table 3). On the
7* day, average values of callus formation ef-
ficiency varied within 64.2-96.6%; and on the
21t day of cultivation - 72,0-97,8% (Table 3).
Similar to MS No.2 medium, MS No.1 showed
the most efficient callusogenesis for Europa
spelt on the 215 day with the average calluso-
genesis value 97.8% (Table 1), which is slight-
ly lower than during cultivation on MS No.2
(100%) (Table 1). Spelt ‘Zorya Ukrainy’ showed
again the lowest efficiency of callusogenesis -
72.0% on the 21st day of cultivation (Table 3),
which was even less than in the case with MS
No.2 nutrient medium (80.2%) (Table 1).

Parmar et al. [21] noted that picloram with
the concentrations of 2 mg/l and 4 mg/1 causes
100% induction of callus formation. Picloram
with the concentration higher than 4 mg/l in-
creases the percentage of regeneration (68.0%
versus 63.0%).

Among the three nutrient media studied, MS
No.3 was the least effective for callus forma-
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Table 3

The dynamics of callus formation of 3 spelt specimens
and 2 specimens of soft wheat on MS No.1 nutrient

medium along 21 days of growth

Table 4

The dynamics of callus formation of 3 spelt specimens
and 2 specimens of soft wheat on MS No.3 nutrient

medium along 21 days of growth

The efficiency of callus formation (%), X + S The efficiency of callus formation (%), x+S
Cultivar 7th day of | 14th day of | 21st day of Cultivar 7th day of | 14th day of | 21st day of
culturing culturing culturing culturing culturing culturing

‘Elegiya Myronivska’ | 78,6 + 26,2 | 950+ 7,0 | 950+7,0 ‘Elegiya Myronivska” | 850+ 7,4 | 850+ 7,4 | 91,6 +10,5
‘Bunchuk’ 96,6 +4,9 | 96,6 £4,9 | 96,6 +4,9 ‘Bunchuk’ 89,8+£80 | 92051 | 948+4,8
‘Alberta’ 744 +£13,1 | 82,6+39 | 864+86 ‘Alberta’ 65,2 +24,1/66,2+23,3|76,0+17,1
‘Europa’ 928+6,3 | 94,0+7,1 | 97,8+4,9 ‘Europa’ 91,0+£151| 98044 | 980+ 44
“Zorya Ukrainy’ 64,2+17,9 | 67,6 +12,5| 72,0+ 16,3 “Zorya Ukrainy’ 47,2 20,1 |49,2+22,2|64,0+15,3

Note. X — mean, S — mean sampling error.

tion. On the 7" day of cultivation, the calluso-
genesis efficiency varied within 47.2-91.0%
and on the 215tday 64.0-98.0%. In general, the
cultivars ‘Europf’ and ‘Zorya Ukrainy’ have
shown the ability to form callus on nutrient
media with different components. The ‘Europa’
spelt sample showed the highest callus forma-
tion efficiency - 98.0% on the 21t day. Spelt
‘Zorya Ukrainy’ was the least effective in cal-
luses forming - 64.0% on the 21 day (Table 4).
It can be assumed that the ability to make a
callus for specimens of the spelt varieties ‘Eu-
ropa’ and ‘Zorya Ukrainy’ is a genetically de-
termined trait that will manifest equally on
the different nutrient media under different
cultivation conditions.

It is known that low concentrations of kine-
tin (1 mg/l) can positively affect on callus for-
mation of hexaploid wheat [3]. However, in our
study, the nutrient medium MS with this
growth regulator with the concentration of 0.5
mg/l showed the lowest percentage of calluso-
genesis efficiency - 47.2%, while for MS No.1
- 72.0% and MS No.2 - 80,2% on the 215t day.
For the induction of callus formation from ex-
plants of immature embryos also use the base
MS medium with casein hydrolyzate (300 mg/l),
L-glutamine (500 mg/l), L-proline (500 mg/1)
and with 2,4-D (mg/l) and kinetin (0,5 mg/l) as
the growth regulators. If you add 2-10 mg/1 of
argentum nitrate to this nutrient medium, it
positively contributes to callus formation
(81.7-95.0% callus formation frequency) and
reduces necrosis (11.7-1.7% callus necrosis
rate), depending on the sample [22]. Very often,
for the callus formation induction from ex-
plants of mature wheat germs, a nutrient me-
dium with 2,4-D (2 mg/]) is used without ad-
ditional auxins and cytokinins [4].

In general, calluses of different specimens
and those, formed on different nutrient media
did not differ morphologically. Calluses of ‘Eu-
ropa’ spelt and ‘Bunchuk’ soft wheat are pre-
sented in figures 1 and 2 respectively. Up to
the 14" day of growth on the nutrient medium
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Note. X — mean, S — mean sampling error.

calluses had a loose structure and were white
or sometimes light yellow in color. The sizes of
calluses mostly varied from 3 to 8 mm, for
most of the samples (excepting the sample of
‘Zorya Ukrainy’ spelt ) they were 3-4 mm after
7 days of growth, and closer to 215t day of ob-
servations they reached 6-8 mm.

During the study, it was observed that some
specimens of spelt and soft wheat may effi-
ciently or inefficiently form calluses that do not
depend on the nutrient medium they grow on.

The samples studied differed in their speed
of callus formation and their growth. The rate
of callusogenesis can be estimated by the ef-
fectiveness of callus formation on the 7" day
of cultivation. In particular, the best and
quickest growth was typical for calluses formed
by the specimens of ‘Europa’ spelt - 92.8% (MS
No.1), 95.0% (MS No.2), 91.0% (MS No.3) and
soft wheat ‘Bunchuk’ - 96.6% (MS No.1), 95.0%
(MS No.2), 89.8% (MS No.3); slowest — ‘“Zorya
Ukrainy’ spelt - 64.2% (MS No.l), 59.8% (MS
No.2), 47.2% (MS No.3). Samples of ‘Alberta’
spelt and of ‘Elegiya Myronivska’ soft wheat
were characterized by a moderate rate of callus
formation, namely 74.4% (MS No.l), 75.0%
(MS No.2), 65.2% (MS No.3). ) - ‘Alberta’ spic-
es and 76.6% (MS No.l), 90.2% (MS No.2),
85.0% (MS No.3) - ‘Elegiya Myronivska’ spices.

In addition to callus formation, induced or-
ganogenesis was observed in some cases. Some
specimens, including the ‘Alberta’ and ‘Zorya
Ukrainy’ spices (Figs. 1, 3), on different types
of nutrient media, on the 6 -7*" days of cultiva-
tion, formed light yellow shoots that reached 45
mm by 21 day. It should be noted that the ex-
plants from which shoots sprouted continued to
form calluses. The number of explants from
which shoots were formed was less than 10%.

The results obtained of the effectiveness of
spelt callus formation are the first stage for
the development of in vitro methods for intro-
ducing spelt samples into the culture, creating
an effective system for their regeneration and
subsequent production of biotechnological
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Medium Ms No 1

Medium Ms No 2

Medium Ms No 3

7 days 14 days 21 days

Fig. 1. Formation and growth dynamics of callus specimens of T. spelta L. ‘Europa’
on different types of nutrient medium

Medium Ms No 2 Medium Ms No 1

Medium Ms No 3

Fig. 2. Formation and dynamics of callus growth of T. aestivum L. ‘Bunchuk’ sample
on different types of nutrient medium

plants (genetically modified plants, plants with wheat using mature embryos as explants. It
edited genome, etc.). was found that the most effective for callus
. formation of spelt and soft wheat mature em-
Conclusions bryos explants was MS nutrient medium sup-
An in vitro tissue culture was obtained for 3 plemented by 2 mg/l of 2,4-D, 10 ml/l of ar-
specimens of spelt and 2 specimens of soft gentums nitrate and 3% sucrose. The efficien-
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cy of callusogenesis of different samples on the
215t day of culturing was 80.2-100.0%.

It was shown that the tested samples dif-
fered in their ability to form calluses from
mature embryos on nutrient media with differ-
ent component composition. Some specimens
showed genetic predisposition to callus forma-
tion from mature embryos irrespective of the
modified composition of the MS medium, in-
cluding spelt ‘Europa’, soft wheats of ‘Bun-
chuk’ and ‘Elegy Mironovska’, while explants
of ‘Zorya Ukrainy’ spelt showed the slow for-
mation of the callus.

The most effective callus formation was in
the sample of the spelt ‘Europa’, the rate of
which on the 7" day fluctuated within 91,0-
95,0%.
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Llenb. BeepeHue B KynbTypy in vitro u nonyyeHwe Kan-
Jloca OT 3penbix 3apofblileit 3 0bpa3yoB chenbThl U Cpas-
HeHue 3(HEKTUBHOCTU UX KanlocoreHesa ¢ 2 obpasuamu
nweHuubl Markoit. Metoabl. [ns paboTbl B3aThl 5 06pa3LoB
reKcanaougHOM MuWeHNuLUbl — 3 cnenbTbl U 2 MWEHULbl MAT-
Koii. NOBEPXHOCTHYIO CTepunn3auui 3epHa NpoBoOLMAN B
96% 3TMNoBOM cnupTe U 5% pacTBope rMNOXa0puTa HaTpus.
B KayecTBe 3KCMIAHTOB WMCMONb30OBANU3PENbLIE 3aPOLbILLN.
[ns KaniocoreHesa MCMOMb30BaNU TPU TUMA MUTATENbHbIX
cpea MS ¢ pa3nnyHbIM KOMNOHEHTHbLIM COCTABOM. IKCMAHTbI
KyNbTUBMPOBany B TeMHoTe 21 feHb. Pesynbrartbl. Mogobpa-
Hbl ONTUMaNbHbIE YCNOBUA ANA UHLYKUUM KYNbTYPbl TKaHei
Triticum spelta L. v T. aestivum L. 13 3penbix 3apofpliiei.
Mony4yeHHble Kanatockl U3 pasHbix 06pa3sLLoB, KOTOPbIE BbIpa-
WMBANN Ha TPeX TUMAX NUTaTeNbHbIX cpef MS, He oTnnvanuce
Mexay coboit Mopdonornyeckn. Habnwpanu reHeTMYeCKyio
NpeApacnoNoKeHHOCTb K Kanntocoobpa3oBaHMio 06pasuos
cnenbTbl copTa ‘EBpona’ M nweHMLbl MATKOW COpTOB ‘ByHUYK’
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n ‘Eneris MupoHiBcbKa' He3aBMCMMO OT cocTaBa cpefbl MS B
TO BpeMs, KaK Ha 3KCnaHTax cnenbTbl copTa 3ops Ykpainu'
npoucxonuno mepieHHoe hopmupoBaHue Kannoca. BoiBo-
Abl. TonydeHo KynbTypy TKaHeid 3 06pas3LoB cneibTbl U 2
00pa3yoB NIWEHNLbI MATKOI C MCNOJIb30BAHUEM B KAyecTBe
3KCMNAHTOB 3penblx 3apofblleil. YCTaHOBNEHO, YTO Hanbo-
nee 3bdeKTUBHON AN KaNNoCoobpa3oBaHNUsA U3 3KCMNaH-
TOB 3peJiblX 3apPOAbIWEN MWEHULbI MATKON U CNenbTbl Obina
nuTaTenbHas Cpefa, [onosHeHHas 2 mr/n 2,4-[, 10 ma/n
HuTpaTa cepebpa U copepxawas 3% caxapo3sbl. CpeaHee
3HavyeHne 3PGHEKTUBHOCTU KanilCcoreHesa npu 3TOM CO-
crasnano 80,2-100,0% Ha 21 cyTku BblpawmsaHusa. Wccne-
ayemble 006pasubl OTAUYANUCh Mexay Co00il CNOCOGHOCTbIO
(hopMMUPOBATh KANIOC HA MUTATENIbHbIX CPefax C Pas3fivyHbIM
KOMMOHEHTHbLIM COCTaBOM. BnepBble B YkpanHe nccnepoBaHa
3(EKTUBHOCTb KaNtoCoreHesa Cnenbrbl.

Knrouessie cnosa: cnenbma; nweHUya MA2KaA; Kyabmypa
in vitro; Kaanoc; 3KCNAAHMbI.
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