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Abstract: Long-term conservation of plants in vitro means setting up conditions in which
plants slow down their growth, which reduces the frequency of subculture needed to keep
the material alive. Fall of cultivation temperature is frequently used for preservation of
ornamental plants’ cultures and of lilac’s cultivars as well. For a better understanding of
processes in in vitro culture, a comparative transcriptome analysis of vegetative apices of
Syringa vulgaris L. during dormancy or in the phase of active growth in vivo and in vitro was
carried out. A pairwise comparison of samples showed that a decrease in the temperature
of lilac’s microshoot cultivation down to +10 °C leads to the formation of a response similar
to the response to oxidative stress. The changes in gene expression similar to such stress
response persist within active shoots growth in sterile culture after their transfer to standard

cultivation conditions (+22 °C).
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1. Introduction

Long-term conservation of plants in vitro means setting up
conditions in which plants slow down their growth, which
reduces the frequency of subculture needed to keep the mate-
rial alive. Such an effect can be achieved through different
approaches. The most common is by decreasing the tempera-
ture of cultivation, which leads to a strong slowdown of plant
growth (up to its complete stop) and thus makes it possible to
reduce the frequency of subculture. This way is widely used
for ornamental plants as well (Ozudogru et al., 2010). Differ-
ent types of explants can be placed into slow growth storage:
microshoots or their parts, for example single-noded grafts,
buds encapsulated in alginate beads.

Lilac is a widespread ornamental shrub. Nowadays, accord-
ing to the International Lilac Society, there are more than 2000
cultivars of this genus in the world. The methods of microclo-
nal propagation are being developed and constantly improved
for it (Molkanova et al., 2002; Gabryszewska, 2011). It was
showed that at a temperature of +15 °C the growth of lilac
microshoots in vitro is slowing down (Gabryszewska, 2011).
While creating the meristem’s alginate beads, it is possible to
conserve them at a temperature of +4 °C (Refouvelet et al.,
1998). We showed that at a temperature of 10 °C the growth of
lilac microshoots practically stopped. For all that the reaction
to low positive temperature turned out to be cultivar-specific
(Churikova, Krinitsina, 2018). In nature, lilac buds pass by
autumn to endodormancy. The decrease in temperature leads
to this state when during further transfer to normal conditions
active growth begins.

The understanding of peculiarities of lilac apexes’ state in
slow-growth culture is possible by comparison of the levels of
expression of their genes in slow-growth conditions with those
in conditions of natural (in vivo) dormancy and conditions of

dormancy release. For this, it was necessary to assemble de
novo the reference transriptome of Syringa vulgaris and to
reveal possible differences in expression profiles in explants
in vivo and in vitro.

2. Materials and methods

Two lilac cultivars were used for the experiment: ‘P.P. Kon-
chalovsky’ and “Velikaya Pobeda’. Both cultivars belong to D
IV-1II group (double, bluish), but ‘P.P. Konchalovsky” has the
corolla consisting of four petal circles, and ‘Velikaya Pobeda’,
of two. Extraction of RNA for the reference transcriptome
was carried out from ‘P.P. Konchalovsky’ apical complexes
of vegetative shoots (apex with 2 leaf primordia) of this year
when their active growth begins, and from the flowers at the
stage of uncolored corolla. Samples (not less than 30 apexes
for one sample) were fixed in RNA-later (Sigma). Also, data
on the RNA sequence from apical complexes of vegetative
buds during physiological dormancy were used.

For comparison of lilac’s apexes in slow-growth culture
(in vitro), during physiological dormancy (in vivo) and during
active growth of plants on its end one-noded grafts of both
cultivars were placed into slow-growth storage conditions
(+10 °C) on MS medium with 1.5 mg/1 2-ip and 20 g/l sucrose
for 270 days.

For transcriptome analysis, apexes of one half of shoots
were cut off and fixed in RNA-later. The remaining shoots
were transferred to normal condition and allowed to grow for
28 days, after that active growth microshoot apexes were cut
off and fixed in RNA-later, too. Likewise, the vegetative apices
ofadult S. vulgaris shrubs were collected under dormancy (in
winter) and from active growth (in springtime).

The total RNA was purified with an RNeasy Plant Mini
Kit (Qiagen) from 20 mg of each fixed sample. The libraries
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were prepared using a NEBNext® Poly(A) mRNA Magnetic
Isolation Module and a NEBNext®Ultra RNA Library Prep
Kit for Illumina (NEB) and sequenced using a HiSeq 2500
System. The reference transcriptome was assembled by Trin-
ity (Haas et al., 2013), transcript quantification was made by
Salmon. For annotation, transcripts were searched against the
NCBI non-redundant (NR) protein database using BlastX,
with a cut-off E-value of 10-°. Gene ontology (GO) terms were
extracted from the annotation of high-score BLAST matches
in the NCBI NR proteins database (E-value < 1.0 x 107°) us-
ing Blast2GO (Conesa et al., 2005). Differential expression
analyses were conducted using edgeR, a correction via false
discovery rate (FDR) estimation was made.

3. Results and discussion

Using the [llumina RNA-seq technique, 263 million raw reads
were obtained and 46.3 % of them remained after adapter
and quality filtering. The final de novo assemblies consisted
of 281,159 transcripts. The length distribution of transcripts
was as follows: 19 transcripts were longer than 1000 b.p.
(3 of them are unique), 84,556 transcripts were in the range
of 1000-9999 b.p. (10,429 of them are unique), 196,584
transcripts, in the range of 100-999 b.p. (28,308 of them are
unique). 182,177 transcripts had blast hits, for 112,741 of them
GO annotations were obtained.

Transcripts were categorized into 38 functional groups
based on gene ontology categorization. Some of them belong
to more than one group. Within this group, assignments to the
molecular function category was highest with 80 %, followed
by the biological process category (69.5 %) and the cellular
component category (58.3 %). Under the molecular function
category, binding (59.78 %) and catalytic activity (64.77 %)
were the most common. A moderate number of transcripts
(10 %) belong to the transporter activity group. A very small
number of transcripts were associated with metallochaperone
(0.03 %) and antioxidant (0.02 %) activity.

Among the biological process categories, metabolic process
(75.14 %) and cellular process (72.07 %) were prominently
represented. A moderate number of transcripts were also
involved in the biological regulation (19.07 %), localization
(17.39 %), regulation of biological process (16.66 %), re-
sponse to stimulus (13.01 %), cellular component organization
(12.79 %), cellular component biogenesis (2.5 %) and rhyth-
mic process (2 %) categories, while only a limited number
were associated with multi-organism process (0.9 %), develop-
ment (0.2 %) biological adhesion (0.1 %), cell killing (0.1 %),
growth (0.08 %), reproduction (0.05 %), locomotion (0.05 %),
signaling (0.05 %) and reproductive process (0.05 %).

For the cellular component category, the majority of the
transcripts were assigned to the cell (60.09 %), membrane
(58.52 %) and organelle (45.31 %) categories. A moderate
number of transcripts (19.78 % and 10 %) belong to the
protein-containing and macromolecular complexes.

A pairwise comparison of samples showed differences in
the level of transcription of two B-glucosidase isoforms, five
superoxide dismutase isoforms, four peroxidase isoforms and
three xyloglucan xylo-glucosyltransferase isoforms in slow-
growth condition in vitro vs. endodormant lilac’s plant apices

in vivo. Differences in the level of transcription were identified
for seven superoxide dismutase isoforms, three B-glucosidase
isoforms and cytochrome p450 isoforms in lilac’s shoot apices
of active growth plants in vivo vs. in vitro.

B-glucosidase activity is connected with the response to
abiotic stress through accumulation of antioxidant flavonols
(Singh et al., 2015; Baba et al., 2017). Change in superoxide
dismutase and peroxidase gene expression takes place during
oxidative stress (Raychaudhur, Deng, 2000; Li et al., 2004).
However, there were no differences in the expression of
glutathione-S-transferases, other limitation oxidative stress
proteins, which play a role in plant growth in vivo and shoot
morphogenesis in vitro in Arabidopsis thaliana (Gong et al.,
2005). Glutathione peroxidase was also absent among differ-
entially expressed genes. They are considered to be important
in plant growth and oxidative stress response (Bela et al.,
2015). We think that differentially expressed thioredoxin in
our case can compensate function of plant glutathione per-
oxidases due to similar molecular activities (Herbette et al.,
2002).

4. Conclusions

Thus, a decrease in the temperature of lilac microshoot culti-
vation in sterile conditions down to +10 °C leads to the same
response as the response to oxidative stress. It keeps during
active growth of shoots in sterile culture after transfer to
standard conditions of cultivation (+22 °C).
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