Plant systems biology
and digital technologies

conf.bionet.nsc.ru/plantgen2019/en

Gene expression in Scots pine populations
from the Chernobyl exclusion zone:
transcriptomic approach

P.Yu. Volkova'*, G.T. Duarte?, S.A. Geras’kin!

! Institute of Radiology and Agroecology, Obninsk, Russia

2 Institute Jean-Pierre Bourgin, Versailles, France

DOI 10.18699/ICG-PlantGen2019-56
© Autors, 2019

* e-mail: volkova.obninsk@gmail.com

Abstract: Radioactive contamination of natural areas is one of the most long-lasting
anthropogenic impacts on the environment. Scots pine (Pinus sylvestris L.) is an important
species for radiation protection of biota because of its high radiosensitivity. We conducted
the de novo transcriptome analysis of Scots pine populations growing in the Chernobyl-
affected zone, which is still today contaminated with radionuclides. The transcriptional
response involved modulation of the cellular redox system and ion balance, and enhanced
expression of chaperones and histones. Our data suggest that the modulation of ROS level
occurs mainly through the control of glutathione- and thioredoxin-related responses and
most likely involves a fine-tuning of ROS-generating processes, which might be related to
the control of gas exchanges via stomata. It is interesting to note that the stress response
profile identified does not rely on the modulation of ABA biosynthesis or catabolism genes.
These adaptive responses are triggered by radiation doses 30 times lower than the one
accepted as safe for biota species by international regulations. These findings suggest that

the environmental management in radiation protection should be reviewed.
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1. Introduction

The Chernobyl exclusion zone is a unique area for accessing
the effects of ionizing radiation on the abundance, distribu-
tion, life history, and molecular changes caused on different
plant species. Scots pine (Pinus sylvestris L.) is one of the
most widespread tree species across Europe and Northern
Asia, being a promising organism for radiation-related studies
because of its high radiosensitivity (ICRP, 2008). Intending
to gain insight into the ability of plants to withstand chronic
radiation exposure, we evaluated the transcriptome profiles
of Scots pine trees from four populations growing at clean
and radioactively contaminated territories. This work has
been recently accepted for publication (Duarte et al., 2019).

2. Materials and methods

The sample plots are located in the Bryansk region of Rus-
sian Federation and in the Gomel region of Belarus Republic.
The reference plot (Ref) and the low-contaminated Zabor’e
plot (Zab) are both located in the Bryansk region. The highly
contaminated Kulazhin (Kul) and Masany (Mas) plots are
situated in the Chernobyl exclusion zone. To perform the
transcriptome analysis, we sampled pine needles from nine
individual trees at each experimental plot. RNA of three pooled
samples from a plot was sequenced using the [llumina HiSeq
2500 technology. The de novo transcriptome assembly was
performed using BinPacker (Liu et al., 2016), SOAPdenovo-
Trans (Xie et al., 2014) and Trinity (Grabherr et al., 2011).
The transcriptome annotation was conducted with Trinotate
(Bryant et al., 2017) and InterProScan (Jones et al., 2014).
The detailed description of the RNA sequencing procedures
and bioinformatics analyses are available (Duarte et al., 2019;
Duarte et al., forthcoming).

3. Results and discussion

The gene expression profile of the four studied populations
correlated to the radiation levels at the sample plots. The
clustering analysis of the expression profiles grouped the
two highly contaminated populations (Mas and Kul); the low
contaminated population (Zab) did not differ significantly
from the reference. Nevertheless, the transcriptome profile
of Zab population revealed the same regulation pattern of
stress-related genes that were also identified for the high-dose
irradiated populations, Mas and Kul. Only seven transcripts
were commonly regulated among the three contaminated
sample plots. Four of them were related to stress responses:
a transcript for an anionic peroxidase related to cell death
responses (WUN1_SOLTU), and three abscisic acid (ABA)-
responsive transcripts (CIPKK ARATH, CIPKA ARATH,
and SLAC1 ARATH). Among the ABA-related genes, it is
interesting to single out the down-regulation of the F-box
protein PP2-B11 (P2B11 ARATH), which has been described
as an attenuator of ABA responses (Cheng et al., 2017).

The functional analysis of the differentially expressed
transcripts did not evidence a classical stress response signa-
ture (e. g. heat, hypoxia, cold, etc.). The response to chronic
radiation exposure also did not resemble one to acute radia-
tion, suggesting that the adaptation process to the former is
rather unique. Those few genes that overlap between acute
and chronic irradiation conditions showed inverse expression
patterns. Short-term experiments also showed that the response
pattern changes according to the radiation exposure duration
(Kovalchuck et al., 2007).

The transcriptional profiles evaluated in our work suggest
that the adaptation to chronic radiation exposure involves:
(1) modulation of ROS accumulation through balancing of


mailto:volkova.obninsk@gmail.com

178

P.Yu. Volkova et al. Gene expression in Scots pine populations from the Chernobyl exclusion zone.

Current Challenges in Plant Genetics, Genomics, Bioinformatics, and Biotechnology. 2019;177-178

ROS-generating processes and antioxidant molecules; (2) con-
trol of cellular damage by enhanced expression of chaperones
and histones, along with the modulation of ions balance, to
counteract the damaging effects of a higher ROS basal level
on proteins activity, DNA, and membranes; (3) control of the
activity of transposable elements (TEs).

The production of ROS is an inherent consequence of the
exposure to radiation (Szumiel, 2015). During oxidative stress,
plants activate antioxidant mechanisms including enzymes
(superoxide dismutase, catalases, peroxidases, and enzymes
of ascorbate-glutathione cycle) and accumulate low molecular
weight antioxidants for minimizing the damage (Sewelam et
al., 2016). On the other hand, ROS are also central signalling
molecules during stress responses (Sewelam et al., 2016).
Apparently, organisms under chronic radiation exposure
have to adapt to a different ROS threshold, which would al-
low them to balance the buffering of ROS without blocking
their signalling function. Our data suggest that the ROS level
modulation occurs mainly through the control of glutathione-
and thioredoxin-related responses and most likely involves a
fine-tuning of ROS-generating processes.

ROS-generating processes were repressed, while an enrich-
ment of processes related to the control of gas exchanges via
stomata was also observed. This observation suggests that the
photosynthesis rate, which is a major ROS source, might be
under a fine-tuning. It is interesting to note that the control of
stomata movement seems not to involve the modulation of
ABA levels. Conversely, the gene expression pattern suggests
the control of the sensitivity of the pathway, for instance via the
repression of PP2-B11, a SnRK2 negative regulator. A perspec-
tive for future work is the confirmation of ABA attenuation and
of the control of photosynthesis rate on chronic irradiated plants.

Interestingly, the transcriptome analysis revealed the ab-
sence of activation of repair processes in the populations under
chronic radiation exposure, responses that are known to occur
during acute radiation stress condition (Culligan et al., 2006).
This observation can be understood as another evidence of the
adaptation of the evaluated populations to the chronic stress,
being the expression of the repair machinery below the detec-
tion threshold. Nevertheless, the constant exposure to ionizing
radiation imposes a permanent risk for the integrity of the
molecules in the cells, including DNA single- and double-
strand breaks (Caplin and Willey, 2018). In this context, our
analyses indicate that the strategy adopted by the evaluated
populations is to increase the maintenance of the integrity of
the molecules in the cell, which could be explained by the
enhanced expression of chaperones and histones.

Finally, the control of TEs activity, which is also a source
of DNA damage, is also evident in all chronically irradiated
populations. However, the activity of the TEs was inversely
correlated to the radiation dose exposure. While more active
TE families were identified in the low-dose exposed individuals
from Zab, the opposite trend was shown for Kul individuals.

4. Conclusions

Radioactive contamination of the natural areas is one of the
most long-lasting anthropogenic impacts on the environment.
Scots pine (Pinus sylvestris L.) is a promising organism for
radiation-related research because of its high radiosensiti-

vity, but the genome size of Pinacea species has imposed
obstacles for high-throughput studies so far. In this work, we
conducted the analysis of the de novo assembled transcriptome
of Scots pine populations growing in the Chernobyl-affected
zone, which is still today contaminated with radionuclides
because of the accident at the nuclear power plant in 1986.
The transcriptome profiles indicate a clear pattern of adap-
tive stress response, which seems to be dose-dependent. The
transcriptional response indicates a continuous modulation
of the cellular redox system, enhanced expression of chap-
erones and histones, along with the control of ion balance.
Interestingly, the activity of transposable element families is
inversely correlated to the exposure levels to radiation. These
adaptive responses, which are triggered by radiation doses
30 times lower than the one accepted as safe for biota species
by international regulations, suggest that the environmental
management in radiation protection should be reviewed.
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