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The article considers the influence of growth conditions of donor plants on in vitro morphogenetic responses of
immature embryos from spring bread wheat. The materials were 12 varieties of different ecological and geographical
origin from the collection of Altai Research Institute of Agriculture (Barnaul, Russia). Donor plants were grown in the
greenhouse and experimental field near Barnaul. Immature embryos with 1.3-1.5 mm in size isolated from seeds collected
14-16 days post anthesis were used as explants. The embryos were placed with the sculletum upwards on a sterile solid
agar (0,8%) medium containing the inorganic components of Linsmaier & Skoog (LS), 3% sucrose, 2.0 mg I 2,4-
dichlorophenoxyacetic acid (2,4-D) and incubated in the darkness at 26=1°C. Induced calli were subcultured after 25-30
days interval in fresh medium supplemented with 0.5 mg I 2,4-D and 0.5 mg I kinetin and grown at 25+1 °C under a
16/8-h (day/night) photoperiod with a white fluorescent light. Embryogenic calli were transferred to LS medium
containing 0.2 mg I indole-3-acetic acid (IAA) for regeneration. A complete randomized block design with four
replications per a genotype (60 embryos) was used. We stated by analysis of the components of phenotypic variance that
genetic factor has been the leading one in all stages of tissue culture, but the highest effect (80%) was on plant
regeneration. Interaction of the factors considered was competitive with genotypic influence on the stages of
morphogenesis (28%) and callusogenesis (27%). Influence of “conditions” was statistically significant, but inferior to
other factors. The greatest result was obtained for induction of morphogenic calli. Field conditions were the most
favorable for genotypes with high callus and regeneration abilities. Culture responses of those with a low regeneration
potential increased after growing donor plants in greenhouse vegetation in 3.4 — 13.9 times. For most genotypes moderate
temperature and precipitation as well as natural lighting before collecting material increased morphogenic competence of
explants in wheat tissue culture. Possible reasons for the influence of growth conditions of explant donor plants on in
vitro culture traits have been discussed.

Keywords: spring wheat, immature embryo, donor plant, genotype, growing conditions, callus, morphogenesis,
plant regeneration, variation.

MOP®OI'EHETUYECKAS PEAKIIUSA KYJIbTYPbI HE3PEJIBIX 3APO/IBIIIEM IIIIEHUIbI
B 3ABUCUMOCTH OT YCJIOBUI BBIPAIIIMUBAHUSI JOHOPHBLIX PACTEHUM
Xne6osa JI. I1., 2Hukuruna E. /1.

YUnmaiickuii 2ocyoapcmeennviii ynusepcumem, Bapuayn, Poccust
2 Anmaiicxuii HUU cenvckozo xossiicmaa, bapuayn, Poccus
E-mail: *hlebovaél@mail.ru, 2aniish@mail.ru

B cratbe paccMOTpeHO BiMSHHME YCJIOBHII BBIPAIIMBAHMS JIOHOPHBIX PACTEHUH Ha MOP(OTreHETHYECKHE MPOIECCH B
KyJIbType HE3pEeNbIX 3apoAblliel SPOBOM MSATKOH MIICHMIBL. MarepuanoM HCCIeJOBaHUA CIyKWIH 12 copToB
Pa3IMYHOTO 3KOJIOTO-TeorpadMueckoro MPOUCXOXKICHNST M3 Koiulekuuu Amnraiickoro HUM cembckoro xossiictsa
(bapnayn, Poccust). [loHOpHBIE pacTeHMs BBIPAIIMBAIM B TEIUIMIE M B YCIOBHSX IIOJICBOM Bereranuu. B kauectse
9KCIUIAHTOB HCIOJB30BAaHBl HE3penble 3apofislmu pasmepoM 1,3—1,5 MM, usonmpoBaHHble Ha 14—16 nmeHs mocie
OIBUTCHHUS HCXOIHBIX PACTEHHA. 3apOIbIIIK BIPANIMBAIN Ha IHTATEIbHOH cpene Jlnncmaiiepa-Ckyra (LS),
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conmepxameit 0,8% arapa, 3% caxapossr, 2,0 Mr/n auxiaop(eHOKCHYKCYCHOW KHCIOTHI (2,4-J), B TeMHOTE mpHu
temneparype 26+1 °C. Uepes 25-30 mHeit Katycsl epeHOCHIH Ha nuddepeniupyonryto cpeny LS, nomonuennyro 0,5
mr/i 2,4-J1 1 0,5 MI/1 KHHETHHA 1 BRIPAILIMBAIN Ha CBETY ¢ 16-4acoBoM ¢oTorneproaom (aeHs) u temmeparype 25+1°C.
MopdoreHHbIe KaJUTyCHI IEPEHOCHIIN HA CPEy U pereHepaIi, coaepkamryro 0,2 Mr/1 HHIOIII-3-yKCYCHOH KHCIOTH
(MYK). DxcrepuMeHT BEHIIIONHEH B YETHIPEX MOBTOPEHHUSAX MO 60 SKCIIAHTOB HA TEHOTHI. YCTAaHOBJICHO, UTO
TEHETHYECKUH (DaKTOp SABISIETCS BEAYIIUM HA BCEX CTaAMsX KyJIbTyphbl TKAHW C MaKCHMalbHBIM 3(dexToMm Ha sTame
pereneparu  (80%). [ons ¢akTopa «B3aUMOJCHCTBHE TCHOTHUII-YCIOBUS» ObUIa TNPHUMEPHO OJIWHAKOBA C
TeHOTHITMYECKUM BIIMSIHUEM Ha Tarax Mopgorenesa (27%) n kajurycorenesa (28%). Biusiaue akropa «ycioBus» ObU10
CTaTUCTUYECKH 3HAYMMO, HO YCTYNalO OCTAJIBHBIM PACCMOTPEHHBIM HCTOYHHMKAaM BapbUPOBAaHHS KYJBTYPalbHBIX
NpU3HaKOB. MakcuMaibHbIH 3QQEKT yCIOBHI BHIpAIMBAHUS JOHOPOB SKCIUIAHTOB OBLI YCTAHOBJICH NPH MHAYKIHMN
MopdoreHnoro kamuryca. IloxeBas Bereranust okaszajachk HauOosee OnarompusTHa A TEHOTHIIOB C BBICOKOI
KaJJIyCOT'€HHO U pereHepatoHHON CIIOCOOHOCTBIO. | eHOTHIIBI ¢ HU3KUM pPETeHEPAllMOHHBIM ITOTEHIIMAIOM ITOBBIIIAIH
H3y4YeHHbIe pHU3HAKU B 3,4—13,9 pa3 mpu BRIpaIIMBaHUN PACTEHHHA — TOHOPOB HKCIUIAHTOB B YCJIOBHAX TEIUTHIHI. st
OONBIIMHCTBA M3YYEHHBIX COPTOB YMEPECHHBIE TEMIIEpaTypa M KOJHMYECTBO OCAJKOB B IEPHOJ, IPEIIICCTBYFOLIHN
0oTOOpy MaTepuana, a TaKKe €CTECTBCHHOE OCBEICHHE CIIOCOOCTBOBAIM IMOBBIMICHHIO MOP(OTEHHONH KOMIIETCHIIUH
9KCIIJIAHTOB TIOCJIE MX BBEICHHSA B KyIbTypy. B cTaTrhe 00CYXIaroTcsi BO3MOKHBIE NPHUIMHBI BIMSHHUS YCIOBHIA
BBIPALINBAaHUA MAaTEPHHCKUX pacTeHni Ha 3(p(eKTHBHOCT KamTyco-, MOp(orenesa n pereHepanuy B KyJIbType TKaHU
MIIEHNIH! iN Vitro.

Kniouegvie cnoea: sapoeas nuienuya, Hespeavili 3apoobliy, pacmeHue-00Hop, 2eHOMUN, YCI06Us EblpAUWUBAHUS,
Kaanyc, Mopgozcenes, pecenepayus pacmenul, UsMeH4ugoCmo.

INTRODUCTION

Wheat (Triticum aestivum L.) is one of the most important food and feed crops in many countries grown
on about 17% of the world’s cultivable land (over 200 million hectares) (Atchison et al., 2010). In the early
1960s as a result of the Green Revolution, conventional breeding led to a significant increase of wheat
production through developing responsive, semi dwarf, high vyielding varieties and improved farm
management practices. At the same time, the Green Revolution has affected negative the environment through
the using herbicides, pesticides and chemical fertilizers leading to enhancing pollution and soil erosion.
Besides, the environment was also influenced by the large irrigation systems that have required to keep up the
growth of the plants resulted in water deficiency and droughts.

Now according to the FAO$ data there has been a downward trend in world wheat production (FAO,
2011). Besides, the global demand for food will most likely increase in the coming 40-50 years because of
continuing population and consumption growth. These challenges need modern approaches to improve wheat.
Traditional and marker assisted selection (MAS) are unlikely to bring improvement in wheat breeding because
of the limited gene-pool (Vasil, 2007). In current situation plant biotechnology plays an important role in
meeting this demand and will contribute great to maintaining yield stability by generating varieties with
improved resistance to biotic and abiotic stresses rather than raising the overall yield. Genetic engineering
offers one of the ways to solve this problem. To introduce novel as well as alien genes into wheat is possible
by genetic transformation.

Transgenic wheat plants can be regenerated through particle bombardment and Agrobacterium
transformation (Patnaik & Khurana, 2001; Bhalla, 2006; Mamrutha et al., 2014). Success of genetic
engineering depends on effective and reproducible plant regeneration systems. | think morphogenesis in vitro
is one of the most complex and difficult regulated processes. Various explant sources, such as immature
embryos, immature inflorescence, immature leaves, mature embryos, mesocotyls and apical meristem have
been used for callus induction and plant regeneration in wheat (Maddock et al., 1983; Benkirane et al., 2000;
Salyaev et al., 2001; Wang & Wei, 2004; Avksentyeva & Petrenko, 2009; Kruglova & Katasonova, 2009;
Bychkova, 2016). According to many researchers immature embryos are the most preferred explants for
genetic transformation because of their high regeneration capacity (Jones, 2005; Chauhan et al., 2007). Callus
induction and regeneration frequency of wheat depends first of all on a genotype (Grigorieva & Shletser, 2006;
Nasircilar et al., 2006; Avksentyeva et al., 2008; Nikitina et al., 2014) and culture conditions (Przetakiewicz
et al., 2003; Pellegrineschi et al., 2004; Mokhtari et al., 2013; Nikitina et al., 2013a; Zhang et al., 2014).

About anther culture it proved the growth conditions of donor plants affect strong the ability to
androgenesis (Han et al., 2010), but in relation to immature embryo culture the opinions are different. Maddock
et al. (1983) found no difference between the abilities of immature wheat embryos grown under different
conditions to callus formation. However, Hess & Carman (1998), Pastori et al. (2001) stated the regeneration
efficiency of the explant affected high by its physiological status, depending mainly on environmental
temperature before collecting samples. According to our studies made earlier, we have observed that the
reactions of some genotypes of wheat varied depending on the maternal environment (Grigorieva & Shletser,
2006; Nikitina et al., 2013b; Nikitina & Khlebova, 2014). In addition, Hess & Carman (1998) reported that
individual explants of incompetent lines sometimes occasionally revealed a favorable response to in vitro
culture suggesting a more critical assessment of donor growth conditions. Thus, these data do not give a clear
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picture of the effect of growing conditions for explant donor plants on the variability of morphogenetic
processes in the in vitro culture. To deepen knowledge in this subject, the aim of this research was to test the
morphogenetic potential of callus cultures from immature embryos of spring bread wheat depending on the
conditions of growth and development of explant donor plants.

MATERIALS AND METHODS

The materials were 12 spring bread wheat varieties of different ecological and geographical origin. The
genotypes were chosen from the collection of Altai Research Institute of Agriculture (Barnaul, Russia) by
contrasting expression for different agronomic traits as well as a high-level of variation for in vitro culture
processes (Grigorieva & Shletser, 2006; Nikitina et al., 2015).

Donor plants were grown in the greenhouse and experimental field near Barnaul. The trails were set up
according to a randomized complete block design. The date of anthesis for each variety has been determined
when 50% of the ears were at this stage. Greenhouse growing season was lasting from January to May, the
average temperature varied in the range 21.0-24.9 °C. During February, March, April and May illumination
increased gradual reaching 14.5; 17.8; 19.1, and 22.0 kIx. In the greenhouse DMZ 3000 lamps produced
supplementary lighting which increased the level of natural light by 10 kix. The illumination in the field on
the clear sunny days was above 50 Klx, but in cloudy weather this option was 10-14 kIx. The average monthly
temperature in May, June, July, and August was equal to 12.7; 19.0; 21.5, and 16.5 °C respective.
Environmental data were taken from the nearest meteorological station located at a distance of 300 m.

Immature embryos with 1.3-1.5 mm in size isolated from seeds collected 14 — 16 days post anthesis were
used as explants. Seeds were sterilized in the laminar flow chamber by successive immersion into 70% ethanol
for one min, commercial NaOCI bleach solution (8% active chlorine) with a few drops of Tween-20 for 15
min, and rinsed five times with sterile distilled water. The embryos were aseptic excised from the seeds using
a sterile dissecting needle, placed with the sculletum upwards on a sterile solid agar (0,8%) medium containing
the inorganic components of Linsmaier & Skoog (LS) (Linsmaier & Skoog, 1965), 3% sucrose, 2.0 mg I 2,4-
dichlorophenoxyacetic acid (2,4-D) and incubated in the darkness at 26+1 °C. The pH of the medium was
adjusted to 5.8. Induced calli were subcultured after 25-30 days interval in fresh medium supplemented with
0.5 mg It 2,4-D and 0.5 mg I kinetin and grown at 251 °C under a 16/8-h (day/night) photoperiod with a
white fluorescent light. Embryogenic calli were transferred to LS medium containing 0.2 mg I indole-3-acetic
acid (IAA) for regeneration. When the seedlings have reached 5-7 cm they were planted in pots with the soil
through a gradual acclimatization process and grown before ripening in a climate chamber at 12 °C at night
and 17 °C during the day under 16-h illumination.

A complete randomized block design with four replications per a genotype (60 embryos) was used. The
following parameters were calculated: the number of calli/total of embryos plated (callusogenesis, %), the
number of morphogenic calli/total of calli (morphogenesis, %), the number of plantlets/total of morphogenic
calli (plant regeneration, %). The effects of genotype and growing conditions for donor plants on culture
responses were determined by two-way analysis of variance (ANOVA). The least significant difference test
(LSD) was used for comparing the means of tissue culture traits by genotypes and environmental conditions.
Statistical analysis was performed using the STATISTICA package.

RESULTS

Analysis of variance showed the main effects of a genotype, donor growth conditions and interaction
between the two were all significant at the p < 0.01 or p < 0.05 for callusogenesis, morphogenesis and plant
regeneration (Table 1).
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Table 1. Effects of genotypes and growing conditions for donor plants on culture responses of immature
embryos from spring bread wheat

F-test
Source of variation Callusogenesis  Morphogenesis Plant
regeneration
Genotype 4.5* 6.7%* 50.8**
Conditions 5.3* 20.6** 6.6*
Genotype x Conditions 3.1** 5.8 ** 6.0**
LSDo s 4.0 9,7 14,3

F — the real value of the F-test on the factor; *, ** — significant at p <0.01 and p < 0.05 respective.

In the field growing season of explant donor plants mean frequency of callus induction was 91.7% ranging
from 76.6 (Skala) to 100.0% (Tselinnaya 20, Altaiskaya 88, and Rossiyanka) (Figure 1). When donor plants
were grown under greenhouse conditions, the result was much lower (87.6%). However, the reaction of
genotypes to the environment turned out to be different. For some varieties (Skala, Spectr, Zhnitsa, and
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Zarnitsa) the best conditions were the greenhouse ones, while most samples induced cell lines much more
effective from the field grown explants.
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1 2 3 4 5 6 7 8 9 10 1 12 mean
Genotype
ofield growing season B greenhouse growing season

Figure 1. Callus induction frequency from immature embryos of spring bread wheat, %:
1 - Tselinnaya 20; 2 — Altaiskaya 88; 3 — Rossiyanka; 4 — Altaiskaya 81; 5 — Botanicheskaya 2; 6 — Leones;
7 — Tulunskaea 10; 8 — Altaiskaya 50; 9 — Zarnitsa; 10 — Spectr; 11 — Skala; 12 — Zhnitsa

About morphogenesis on average across all varieties more effective result was obtained from field-grown
donor plants (65.7%) showing the wide variability (28.4-91.2%). The average frequency of morphogenic calli
from indoors explants was 55.7% (Figure 2) revealing a decrease of embryogenic abilities for the most varieties
except for Tulunskaya 10, Zarnitsa, and Altaiskaya 88. It should be noted a significant reduction in the
variability of the characteristic depending on the donor genotype (43.8-76.7%).
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Figure 2. Morphogenic callus frequency from immature embryos of spring bread wheat, %:
1 - Leones; 2 — Skala; 3 — Spectr; 4 — Tselinnaya 20; 5 — Botanicheskaya 2; 6 — Altaiskaya 50; 7 —
Rossiyanka; 8 — Zhnitsa; 9 — Altaiskaya 88; 10 — Altaiskaya 81; 11 — Zarnitsa; 12 —Tulunskaea 10

The regeneration processes were also active induced in cell cultures derived from the explants of summer
growing season (Figure 3). However, these environmental conditions had a favorable impact on the
regeneration of five varieties (Skala, Leones, Spectr, Tselinnaya 20, and Zhnitsa) and reduced plant output
from the other genotypes. It is remarkable that the samples with a low regeneration activity increased its by
using greenhouse conditions. As a result, the plant output from Altaiskaya 81, Altaiskaya 88, Altaiskaya 50,
and Rossiyanka have increased by 3.4; 7.0; 8.6, and 13.9 times respective. These varieties have provided a low
output of regenerants from explants grown in a field, despite the relative high proportion of morphogenic calli
(52.6-69.0%). This can be explained by the majority of morphogenic cell lines developed roots but not plants.
Thus, the conditions of ex vivo embryo formation (future explants) in the greenhouse after introducing them
to the culture induced proliferation of morphogenic calli developing further by embryogenesis and
gemmogenesis. This led to significant changes in the path of morphogenesis and raised the output of
regenerans.
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Figure 3. Plant regeneration from immature embryos of spring bread wheat (of morphogenic calli), %:
1 — Spectr; 2 — Skala; 3 — Tulunskaea 10; 4 — Leones; 5 — Zhnitsa; 6 — Botanicheskaya 2; 7 — Zarnitsa; 8 —
Tselinnaya 20; 9 — Altaiskaya 81; 10 — Altaiskaya 50; 11 — Altaiskaya 88; 12 — Rossiyanka

DISCUSSION

The relative values of the sources of variation have great varied as showed by the variance components.
Comparison of contribution of different variation sources (as a percentage of the total variation) showed the
advantage of main genotype effect at all stages of in vitro culture (33-80%) (Figure 4). The main effect of
“genotype x conditions” interaction explained 27, 28, and 9% of the total sum of squares for callusogenesis,
morphogenesis and plant regeneration respective. Different genotypes subjected to identical changes in the
environment have reacted to it in different ways. The impact of “conditions” of explant donor growth was
constant but low ranging from one to 9% depending on the stage of culture development. Still field conditions
promoted a significant increase of the mean values of the processes studied. Callus formation, morphogenesis
and plant regeneration increased by 4.1; 10.0 and 30.5% respective.

s IAWV

4%

Callusogenesis Morphogenesis

10% 1% OConditions
B Genotype

B Genotype x Conditions

OResidual

Plant regeneration

Figure 4. The percentage of the sources of variation of culture responses from immature embryos of spring
bread wheat

Thus, we stated by analysis of the components of phenotypic variance that genetic factor has been the
leading one in all stages of tissue culture, but the highest effect (80%) was on plant regeneration. Interaction
of the factors considered was competitive with genotypic influence on the stages of morphogenesis (28%) and
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callusogenesis (27%). Influence of “conditions” was statistically significant, but inferior to other factors. The
greatest result was obtained for induction of morphogenic calli. In contrast, according to Miti¢ et al. (2006) the
study of 96 wheat varieties under three vegetations showed that factor “year” had the highest impact on
expression of callus formation and reached 71.4%. However, the effects of genotype as well as interaction of
the factors were about the same as in this experiment. Further test of the influence of climatic factors on the
immature embryo culture potential of the same varieties showed that the lack of rainfall and high temperatures
especially in the period between flowering and medium milk stage decreased tissue culture traits of most

genotypes (Dodig et al., 2010). Moreover, callus induction and proliferation were the most sensitive to a

temperature factor.

Investigation herein, the seed collection for the isolation of explants took place in the first half of July in
the summer growing season and in mid-March in the greenhouse vegetation. The mean temperatures during
these periods of plant growth were 19.5 and 25.9 °C respectively. Besides, plant growing in the greenhouse
was held at a lower illumination versus field season. Heat and poor lighting can be considered as a stress for
the development of embryos. We suggest greenhouse conditions were a limiting factor for their quality which
led to a decrease in the embryogenic competence of explants. Wang et al. (2014) reported also that high
temperatures significantly affected the induction of morphogenic calli as well as plant regeneration from
immature wheat embryos. They calculated the optimum total accumulated temperature between wheat anthesis
and collecting material for tissue culture experiment was about 280 °C for spring wheat. This is consistent with
our data, taking into account the time of sampling in the field growing season. We collected seeds 14-16 days
post anthesis. The total accumulated temperature in the greenhouse vegetation during this period significantly
exceeds the optimum reaching about 380 °C.

Hess & Carman (1998) explained morphogenic competence of wheat explants their hormonal status. A
special role is played by the absolute levels or endogenous auxin to cytokinin ratios. According to their data,
embryogenic competence was due to low IAA and ABA levels in seeds from zero to 12 days post anthesis,
high zeatin to IAA ratios at four days post anthesis, and high cytokinin to auxin ratios in the induced calli. The
authors hypothesized environmental conditions that decrease endogenous hormone levels during this period
should induce or prolong embryogenic competence of explants regardless of wheat genotype. As mentioned
above efficiency of morphogenesis and especially regeneration not in all genotypes was higher when donor
plants were grown in field vegetation. Poorly embryogenic varieties contrary gave rise culture traits from
embryos collected in greenhouse (Figures 1 — 3). We guess this might be caused by environmental parameters
that inhibit hormone accumulation in seeds before culturing.

CONCLUSIONS

Thus, various culture traits from immature wheat embryos depended more on heredity of varieties and to
some extent on the environmental conditions in which these varieties were grown. The reaction of each
genotype was specific. Field conditions were the most favorable for genotypes with high callus and
regeneration abilities. Culture responses of those with a low regeneration potential increased after growing
donor plants in greenhouse vegetation. For most genotypes moderate temperature and precipitation as well as
natural lighting before collecting material increased morphogenic competence of explants in wheat tissue
culture.
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