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Regenerative ability
an mlcrpprotp))a ation
of Petunia hybrida

In vitro

Abstract

Scientific relevance. The garden petunia, Petunia hybrida, is a popular and wide spread ornamental
crop from the family Solanaceae. It is a promising model plant for molecular and genetic research. In
vitro micropropagation plays an important role in the distribution of the garden petunia because the
survivability and quality of seed material decreases significantly in every subsequent generation.
Besides, micropropagation reduces the cost of production substantially. Considering that very few
researchers addressed this question in the Russian Federation, this direction of research is still wor-
thy of attention.

Materials and methods. The experiments were conducted by the Laboratory of Breeding and Genetic
Research on Field Crops at FSBSI “Federal Scientific Center of Agricultural Biotechnology of the Far
East named after A.K. Chaiki”. Seeds of Petunia hybrida (double-flowered) were used as primary
explants. Liquid bleacher ACE diluted with distilled water in the proportion 1:9 was used as a steril-
izing agent (the working solution contained 0.50% NaOCI). The total time of exposure was 15 minutes.
The primary explants were subcultured onto a hormone-free Murashige and Skoog basal medium
containing 20 g/L sucrose and 6 g/L agar. Isolated in vitro objects were cultured in test tubes with cot-
ton-gauze plugs at an illuminance of 4000 Ix, a temperature of 22-25 °C, and a 16h photoperiod in a
culture room. The duration of one passage was 60 days. Micropropagation was carried out using 7-
10 mm cuttings with one or two nodes. The pot culture of the regenerants was established under con-
trolled conditions in a light room (photoperiod was 16 hours, temperature was 23°C).

Results. The optimal method for introducing Petunia hybrida into cell culture is the use of seeds treat-
ed with the solution of bleacher ACE that was diluted with distilled water in the proportion 1:9. The
optimal time of exposure is 15 minutes. Petunia hybrida demonstrated a high regeneration rate on the
hormone-free MS medium - it had a fast growth and development rate, and good rhizogenesis; the
reproductive rate was 8.77. For the micropropagation of the garden petunia, it is advisable to use cut-
tings of test tube plants, which should be placed onto a hormone-free MS medium. The test tube
plants of Petunia hybrida acclimatized successfully on a soil substrate. This shows the high plastic-
ity of the culture.

Keywords: Petunia hybrida, micropropagation, sterilizing agent, regenerants, in vitro, pot culture

ViccnepoBaHune
PereHepaLmoHHO CNOCOOHOCTY U
MUKPOKNOHAIbHOE Pa3MHOXEHWE
Petunia hybrida in vitro

Pesiome

AxtyansHocTk. MNeTyHus rmbpuaHas — nonynspHas, WMPOKo KynbTUBMpYeMasi BO BCEM MUPE [eKopaTHB-
Has KynbTypa ceMeiCTBa NacfeHoBbIe U NepPCNeKTMBHOE MOZeNbHOe pacTeHre Ansi MoNeKynsipHo-reHe-
TUYECKUX UCCeA0BaHUIA. BaxHyo ponb B TPaXMpoBaHU1 rMOPUAHON NETYHUN MMEET MUKPOKIOHAmNLHOE
pa3MHOXeHue in vitro, NOCKONbKY KW3HECNOCOBHOCTb U Ka4yecTBO NOCEBHOMO MaTepuana pesko yxyaLa-
eTcs B nocneayLLmMx nokoneHnsix. HemanoBaxHbIA acnekT Npy 3TOM — CyLECTBEHHOE CHIKEHNE IKOHO-
MUYeckux 3atpat. YuuTbiBas, yto B P® uccrnenoBaHuii No JaHHOMY BOMPOCY kpaitHe Marno, JaHHoe
HanpaBneHne paboT ABNAETCA BECbMa aKTyarnbHbIM.

Matepuane! n MeTogb!. MccnegoBaHus npoBoauny B nabopaTopum cenekLMOHHO-FeHeTUYECKUX Uccneao-
BaHu noneBbIx kynbTyp ®IBHY «®HL, arpobrotexHonorui [anbHero Boctoka um. A.K. Yaiikuy. B kave-
CTBE MEPBMYHbLIX IKCMNAHTOB WCMONb3oBanu cemeHa Petunia hybrida (maxpoBas copma).
Crepunuaytowmii areHT — GbiToBOM oTOenuBatens ACE, pasGaBneHHbI AUCTUNNMPOBAaHHOW BOAOK B
cootHoweHun 1 : 9 (0,50% copepxanue NaOCl B pabouem pactBope). Bpems akcnnukaummn — 15 MuH.
MepBrYHbIE 3KCNNaHTLI MAacCUPOBany Ha 6e3ropMoHaNbHYH0 NUTaTENBHYH CPeay C MUHEpPanbHOM OCHO-
Bou no Mypacure-Ckyra, cogepxatuyto 20 r/n caxapo3bl 1 6 r/n arapa. 3onupoBaHHbIe in vitro 06bexTbI
KynbTUBMPOBaNMCh B NPOOMpKaX C BaTHO-MapneBbIMY NPOOKaMM NPy OCBELLEHHOCTY 4 ThiC. JK, TeMnepa-
Type 22...25°C, dpotonepuope 16 4 B ycnoBusx KynbTypansHoi koMHaTbl. [poaomKuMTensHOCTL OAHOTO
naccaxa — 60 cytok. MUKpoknoHanbHoe pa3MHOXeHVe MPOBOANIM YepeHKaMK AnvHoi 7-10 MM ¢ y3nom.
MepeBop pereHepaHTOB B rOpLUEYHYH KYNbTYPY OCYLUECTBIEH B KOHTPONMpPYeMbIe YCIOBUS B CBETOBOW
KoMHarte: chotonepuog 16 4 — aeHb, Temnepartypa 23°C.

PesyniTathl. [ins BBeAeHUs B KynbTypy in vitro neTyHUu ru6praHoil onTUManbHbLIM CNOCOGOM SIBSieTCA
“cnonb30BaHNe ceMsiH, 06paboTaHHbLIX pacTBopoM ObiToBoro otoenusarens ACE, pasbaBneHHbIM auc-
TUNNMPOBaHHO BOAOI B cooTHoWeHUM 1 : 9 npy BpemeHu akcnnukaumm 15 MuH. Petunia hybrida npope-
MOHCTPUpOBana BLICOKMe TEMMbI pereHepaLym Ha 6esropmMoHansHoi nuTatenbHoi cpeae MC, Bbipaxato-
LuMecs B JOCTAaTOYHON CKOPOCTU POCTa U Pa3BUTMS PacTEHUI, XOPOLLEM PU3OreHe3e, a Takke koadiduum-
eHTe pa3MHOXeHus 8,77. [lns MUKPOKMOHArNLHOrO Pa3MHOXEHMS METYHNM LieNniecoobpasHo MCnonb3oBaTh
YepeHKN NPOGUPOYHBIX PaCTEHMIA, KOTOpbIe MOMELLAIOT Ha GesropMoHanbHyto cpegy MC. MpobupoyHble
pactenus Petunia hybrida obnapatoT BbICOKON NPUXUBAEMOCTBIO B MOYBEHHOM CybCTpare, UTo CBUAE-
TeNbCTBYET O BbICOKOI MIACTUYHOCTH KyNbTypbl.

KrntoueBbie crioBa: neTyHUs rGpuaHas, MUKPOKNOHaNbHOE Pa3MHOXKEHWUe, CTEPUITU3YIOLLMIA areHT, pere-
HepaHTbl, in vitro, ropLieyHas KynbTypa
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Introduction

urrently biotechnological methods are widely used

both for propagating valuable genotypes (cell, tissue
and organ cultures, micropropagation, etc.) and for creating a
new genetically unique starting material (cell selection, the
use of somaclonal variations, the development of induced
mutants, etc.). The potential of plant regeneration has been
exploited for a long time to multiply clones, cuttings and graft-
ings, thus being a foundation for many research studies [1].
The method of micropropagation is employed for commercial
purposes all around the world, though the regenerative ability
of plants varies significantly among genotypes [2-4].

A topical research direction is the development of methods
and approaches for introducing crops into cell culture and for
micropropagating plants. Besides their esthetic value, such
plants can be used as indicators of viral infection for monitor-
ing viruses of many important agricultural crops. The garden
petunia is one of these plant species. P. hybrida, a species
from the family Solanaceae, includes about 30 subspecies [5].
It has colorful flowers, which bloom for a long time. The esthet-
ic value of the garden petunia makes it an economically impor-
tant species cultivated all around the world [6,7]. Petunia
seeds comprise 30% of the global seed production of floricul-
ture crops [8]. Additionally, the garden petunia is a promising
model plant for molecular biology, plant genetics, etc. [9]. P.
hybrida has been used as genetic material for somatic
hybridization, molecular, biochemical, and cytogenetic
research studies, as well as functional analysis [10]. It is a
plant-differentiator of viral infections for other crops. Besides,
Petunia hybrida might be used as a research object for studies
on the biosynthesis of flavonoids, plantimprovement, and self-
incompatibility [11-13].

The garden petunia is mainly grown from seeds and micro-
propagation plays an important role in their production. Taking
into account that the quality of plants decreases in every sub-
sequent generation, the preservation of Fy progeny is crucial
for future multiplication and survivability [14]. Furthermore,
propagating ornamental plants under field conditions is limit-
ed by such factors as disease spread, considerable expendi-
tures, an adverse effect on environment owing to pesticide
and fertilizer application, a need in a large land area, etc [15].
These factors emphasize the importance of cell culture and
micropropagation for the cultivation of floriculture crops. The
micropropagation of F1 P. hybrida plants raises a possibility
for the preservation of their qualitative characteristics, e.g.
flower color and longevity, plant shape, and increases the suc-
cess rate of plant multiplication. By contrast, the germination
rate among F1 hybrids is only 50-60% in the case of an ordi-
nary planting of petunia seeds in soil [16].

Some foreign authors describe successful cases of petunia
micropropagation in vitro through direct organogenesis of
shoot tips [17], seeds [18], and nodal explants [15] and
through indirect organogenesis from stem segments and leaf
pieces [19], internodes [5], and shoot tips [20]. According to
several researchers, the best medium for direct organogene-
sis of P. double explants from shoot tips and nodes is an MS
basal medium supplemented with 1 mg/L of 6-benzylaminop-
urine (BA) and 1 mg/L of 1-naphthaleneacetic acid (NAA) [15].
A maximum elongation of shoots was observed on an MS
medium supplemented with 0.2 mg/L of gibberellic acid (GA).
Seedlings grown under these conditions produced numerous
leaves and nodes. Auxins, such as 1-naphthaleneacetic acid
(NAA) and indole-3-butyric acid (IBA), added to an MS medium
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in a concentration of 0.2 mg/L and 1 mg/L, respectively, were
the most beneficial for the root formation of P. hybrida.

Leaf bases, internodes and cotyledons of petunia seedlings
are used to obtain callus [5]. The most successful protocol for
the propagation of P. hybrida in vitro was implemented via the
culturing of internodes on an MS medium supplemented with
0.5 mg/L of BA. The organogenesis of the shoots that were
obtained using Petunia leaf blades was noted to be influenced
by the explant size, the configuration and the duration of expo-
sure to BA [21]. Z.A. Farooq et al. [14] reveals that the maxi-
mum induction of callus can be reached by using BA in a dose
of 1.0 mg/L and 2,4-dichlorophenoxyacetic acid (2,4-D) in a
dose of 1.5 mg/L. The highest regeneration of callus was
achieved on an MS medium enriched with 2.0 mg/L of kinetin
and 0.5 mg/L of IBA. The proliferation of P. hybrida was high-
est on media contenting 0.5 mg/L of BA and 0.5 mg/I of IBA.
The best root formation was observed on an MS medium con-
taining 1.0 mg/L of IBA.

According to D. Kulpa et al. [22], the garden petunia should
be propagated in vitro on an MS medium supplemented with
0.5 mg/I of gibberellic acid. Plants propagated under these
conditions grow to a considerable height and produce numer-
ous leaves and lateral shoots. Indole-3-acetic acid (I1AA) added
to an MS medium in a dose of 0.5 and 1.0 mg/dm?® was most
beneficial for the root formation of the petunia Flash Red x
atkinsiana D. Don. These petunia plants had long numerous
roots. The optimal medium for the induction of flowering in
petunia plants is an MS medium supplemented with 0.5
mg/dm? of kinetin. The use of kinetin resulted in the formation
of the highest number of flowers with a normal morphological
structure.

Considering that biotechnological approaches might
reduce the cost of production significantly and there have
been very few research studies on petunia tissue culture in the
Russian Federation, this direction of research appear to be
worthy of attention.

The goal of this research was to study morphological char-
acteristics of Petunia hybrida regenerants and the microprop-
agation of petunia plants in vitro.

Materials and methods

Seeds of Petunia hybrida (double-flowered) were bought
from the agrobusiness holding company “POISK” (the produc-
er “Tsentr-Ogorodnik”, Lic, Russia). To be introduced into the
culture, the seeds were sterilized with newly prepared bleach-
er ACE diluted with distilled water in the proportion 1:9 (the
working solution contained 0.50% NaOCI). Container with the
seeds was stirred up at regular intervals. The total time of
exposure was 15 minutes. The plant material was rinsed with
autoclaved distilled water three times for five minutes each
time in a laminar flow cabinet. The primary explants were cul-
tured onto a hormone-free Murashige and Skoog basal medi-
um [23] containing 20 g/L sucrose and 6 g/L agar. The pH of
the saline medium was brought to 5.7-6.0 using 1 n KOH.
Isolated in vitro objects were cultured in test tubes with cotton-
gauze plugs at an illuminance of 4000 Ix, a temperature of
22-25 °C, and a 16h photoperiod in a culture room. The dura-
tion of one passage was 60 days. Micropropagation was car-
ried out using single-node cuttings 7-10 mm in length. The
box, laboratory glassware and instruments employed were
prepared and sterilized according to generally accepted meth-
ods.

The pot culture of the regenerants was established under
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controlled conditions in a light room with a 16h photoperiod
and a temperature of 23°C.

Results and discussion

Sterilizing the P. hybrida seeds with a 0.5% solution of NaOCI
for 15 minutes was highly effective — none of the explants intro-
duced into the culture was infected. The first leaves appeared
on the 2%-3 day. The seeds germinated well on an MS medium
without plant hormones - the first roots were observed on the
445" day. The initiation of axillary bud development occurred
simultaneously. The root length increased considerably and
ranged from 7 to 21 mm on the 11* day of cultivation (Figure 1).
H. Abu-Qaoud et al. [18] obtained analogous results in an
experiment, where a 0.52% solution of NaCIlO was used as a
sterilizing agent for P. hybrida seeds, which were later inoculat-
ed on a hormone-free MS medium. The germination rate was  Figure 1. Development of a microshoot on a primary explant of
100%. R.A. Dixon et al. [24] also reported that a high germina-  F etunia hybrida (the 11" day of cultivation)
tion rate of petunia seeds was achieved on an agar-based medi-
um without plant growth regulators. In our research, the germi-
nation rate of the seeds cultured onto a hormone-free nutrient
medium was 73.9%. This might be linked first of all to their ini-
tial qualitative characteristics because a preliminary sowing in
pots with a soil substrate showed a 68.5% germination rate of
the garden petunia.

On the 21¢ day of cultivation, P. hybrida microshoots of dif-

ferent length were forming, axillary buds continued to develop
in their leaf axils (Figure 2, Figure 3a).

The plant height ranged from 1.1 to 5.2 cm and was 2.86
cm on average. The number of leaves was 11-18 per plant
(15.9 leaves on average). Rhizogenesis was considered to be
the most important parameter characterizing the adaptability
of the plants. In our experiments, the 21-day-old regenerants
had up to eight roots (4.1 roots on average) and the average

17 sy 16 4 2,2
16 |z 16 4 2,2
15 | 16 4 2,7
14 s 17 5 31
13 52 . 1 5 3,6 = Plant height, cm
e 12 1§ I 15 4 3,7
5 s
< 11 S 16 4 35
5 i S Number of leaves,
2 | 32 17 5 2,8 pes
5 9 43 ] 15 5 34
E g8 | DR 15 4 2,6 Number of roots,
R R — pes
o, /7 | 18 10,5
o ]
6 |muom 17 3 2,8 Root length, cm
5 |mm 16 3 3,7
4 |z 14 8 3,2
3 | 21 o 2
2 2 11 4 2,5
1 e 17 6 1,9
Statistical parameters Plant height, cm Number of leaves, pcs Number of roots, pcs Root length, cm
MEAN case 1-17 2.9 15.9 41 2.7
MEDIAN case 1-17 25 16 4 2.8
SD case 1-17 1.09 2.08 1.65 0.81
MIN case 1-17 1.1 11 1 0.5
MAX case 1-17 52 21 8 3.7
25th% case 1-17 22 15 4 22
75th% case 1-17 3.2 17 5 3.2

Figure 2. Characteristics of the growth and development of Petunia hybrida
in vitro on the 21+tday of cultivation
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Figure 3. Petunia hybrida in vitro:
a —the 21+day of cultivation, b —the 40" day of cultivation

root length was 2.7 cm. Similar results were obtained for P.
hybrida Vilm. Cv. “Bravo” when it was grown on an MS medium
supplemented with BA and IBA [14].

It should be noted that the regenerants had a high growth
and development rate on the employed nutrient medium (an
MS without growth regulators). On the 40 day of cultivation,
the plants were 4.7-12.8 cm in height and had a great number
of internodes. Reproductive buds started to form on a few
specimens (Figure 3b). At the end of the passage (on the 60®
day of cultivation) the plant height ranged from 17.3 to 25.9
cm. The plants were characterized by good leaf coverage and
rhizogenesis. As the result, the reproductive rate of the garden
petunia was 8.77 on average.

In contrast, R.R. Habas et. all [15] suggested a protocol for

Figure 4. Cuttings of Petunia hybrida on an MS medium
(the 7 day of cultivation)

i '-' T .

Figure 5. Establishment of the pot culture of P. hybrida regenerants
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the in vitro regeneration of the garden petunia from seeds (an
8% solution of NaOCl was used as a sterilizing agent, the expo-
sure time was 10 minutes) with a subsequent intermediate and
final passage of explants from shoot tips and nodes obtained
from the seedlings onto an MS medium supplemented with
plant hormones. The goal of the experiment was to obtain
regenerants with roots. A maximum shoot length of 5.8 cm
was recorded on the 21¢ day, the survival rate was 70%. R.R.
Habas et. all also noted that the disease rate among the inoc-
ulated seeds was 30-80% when the working solution had lower
concentrations of NaOCI (4-6%). Higher concentrations (10%)
resulted in the absence of germination. Our experiments
showed that an increase of seed exposure time to 15 minutes
allowed us to decrease the concentration of NaOCI. This
reduced the toxic impact on the embryos and simultaneously
made the sterilization of the primary explants more effective.
Some researchers suggested protocols for the microprop-
agation of the garden petunia in vitro via callus culture [14, 25-
27]. The authors use different methods with various primary
explants (shoot tips, segments of nodes and leaves, flower
explants) and a stepwise application of sterilizing agents, for
example, 0.02% fungicide (carbendazim), 0.1% HgCl, and
70% ethanol. A new nutrient medium with a certain proportion
of plant growth regulators is required for every mandatory
stage of the experiment — callus formation, regeneration, and
organogenesis. The number of successfully acclimatized
micropropagated plants does not exceeds 20 per one explant.
We believe that this approach might not be cost- and time-effi-
cient enough for the production of Petunia double planting
material. However, it is generally accepted as an effective

Vegetable crops of Russia Ne6 2022 ISSN 2072-9146 (Print)



method for obtaining somaclonal variations in plant breeding.

The regenerated plants with well-developed roots acclima-
tized successfully and were transferred to pots with a soil sub-
strate where they continued to grow under laboratory condi-
tions. The soil substrate for root formation consisted of soil
and vermiculite in the proportion 4:1. For more successful
acclimatization, the regenerants were covered with plastic
hoods (Figure 5).

The plants were kept under the plastic hoods for 14 days,
and then the hoods were removed. The acclimatized plants
grew and developed normally. The survival rate was high; the
percentage of dead plants was 3.5%. Subsequently, the
Petunia hybrida plants were transferred to flower beds in vivo,
where they bloomed abundantly until the first frosts in autumn.

Conclusions

1. The optimal method for sterilizing the Petunia hybrida
seeds used as the primary explants for the introduction into
the in vitro culture was to treat them with bleacher ACE diluted
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with distilled water in the proportion 1:9 (the working solution
contained 0.50% NaOCI) for 15 minute.

2. The Petunia hybrida regenerants showed a high growth
and development rate on the hormone-free MS medium. The
first leaves appeared on the 2"-3< day of cultivation. The initi-
ation of axillary bud development and the formation of the first
roots occurred on the 4®-5% day.

3. Petunia hybrida maintained a high regeneration rate for
the whole passage. The obtained regenerants were character-
ized by good leaf coverage and rhizogenesis as well as a high
reproductive rate (8.77).

4. The plant cuttings 7-10 mm in length with an axillary bud
and two-three leaves developed successfully on the hormone-
free MS medium. The survival rate was 100%. This method for
micropropagating Petunia hybrida was proved to be effective.

5. The test tube plants of Petunia hybrida had a high survival
rate on the soil substrate (the percentage of dead plants is
3.5%). This demonstrates the high plasticity of the culture.
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