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The knowledge will serve for further development of new technologies of long-term preservation of

different cell types under room temperature. Genome-wide studies allowed us to make a new discovery
of mechanisms of appearance of evolutionary novelties in extremophilic organisms.

The project provided new_unique information about cell type-specific
mechanisms of complete desiccation tolerance, using the only known anhydrobiotic insect Polypedilum
vanderplanki (Pv). We have conducted multi-omics analysis to identify a specific set of protective
genes that provide a molecular shield against water loss in the brain, fat bodies, gut, and
embryonic cell mass-derived Pvll cell culture. Each tissue has both general and unique,
tissue-specific signature of gene expression. Multiple orthologs of anhydrobiosis-related genes are
linked to cell type-specific program of desiccation tolerance. We createda new, high-quality genome
assembly of Pv and developed database MidgeBase 2.0, with genomic and transcriptomic data underlying

anhydrobiosis. Using new protocols of RNAiI and gene editing, we identified key transcriptional
master regulators of anhydrobiosis, including Hsfl and demonstrated its strong involvement in
genome-wide regulation of desiccation tolerance in Pvll cells
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Some organisms can maintain the viability of complete water loss, suspending their metabolism
(the phenomenon of anhydrobiosis, reviewed in Watanabe, 2006). Anhydrobiosis is a model for
development of dry-preservation for biomedical needs and several successful trials of improvement
of resistance of mammalian cells to water loss using anhydrobiotic animals-derived biomolecules
were done (review in Crowe, 2014 and Loi et. al,2013). The most evolutionary complex and the
largest anhydrobiotic organism is the larva of African chironomid P. vanderplanki (Pv). The
larvae can withstand years of desiccation and resume the activity with 30-40 min upon rehydration.
Furthermore, ability of the living dissected organs and cells of Pv to be dry-preserved was
experimentally conformed (reviewed in Cornette and Kikawada, 2010). Recently, Pvil cell line,
capable to induced anhydrobiosis was established (Watanabe et.al, 2016). The compact genome of
Pv contains regions containing theses Pv-specific genes, we named Anhydrobiosis-related Islands
(ARId) and their number in the anhydrobiotic midge genomes is estimated to be at least 9. The
major groups of genes forming ARIds are: Antioxidants, Heat shock proteins, respiratory proteins
(globins), reparation enzymes (Protein L-isoaspartyl-0-methyltransferase) and several groups of
Pv-specific genes (Late embryogenesis Abundant proteins (LEA) and other genes of unknown
functions. Our previous study showed some evidence that multiple paralogs of these protective
genes can serve for different purposes (for example, has different expression profile depending
on tissues, etc), but no specific cell-type oriented studies were conducted to support these

observations.

Current project focused on the elucidation of several groups of key scientific questions:
1.What is a transcriptional program defining successful survival of some fraction of cells in
embryo-derived Pvll cell line during induced anhydrobiosis?

2.What is relation among success of anhydrobiosis in various cell types from the point of view
of control gene expression? What would be key master regulators?

3. What are the common and unique components of mechanism of anhydrobiosis induction in the
cells of different origin?

We also aimed to adapt gene editing techniques for Pv and functionally demonstrate the effect

of regulatory genes on the ability of cells to tolerate complete desiccation.

Biological samples: Two main biological objects were Pvlil cell line capable to complete
desiccation tolerance and the tissues from larvae of Pv from a culture provided by the
collaborator (T. Kikawada, NARO). We analyzed cell culture and tissues from the larvae on the
different stages of desiccation-rehydration cycles. To achieve the final goal, we used a
combination of genetic and molecular biological methods.

Transcriptomics: For single cell analysis, library preparation was performed in accordance with

the 10x Genomics Chromium Single Cell 3 protocol for Reagent kits version 2. We aimed to



recover 5,000-8,000 cells with the Illumina HiSeq 2500 Sequencing System. The read setup was
the standard setup recommended by 10x Genomics: read 1, 28 cycles (cell barcode and unique
molecular identifier (UMI)), i7 index, 8 cycles (sample index); read 2, 91 cycles. The bulk
RNAseq analysis was performed using TrueSeq kits (1llumina) followed by sequencing on Hiseq 2500
I'lumina platform.

Genome Analysis: Final (chromosome level) version of Pv genome was assembled utilizing previously
available (Illumina reads) and newly obtained (in the frame of the current project) PacBio, and
Hi-C sequencing data from P. vanderplanki-derived Pv1ll cell line.

Gene editing and silencing: Transfection into Pvll cells was carried out using a NEPA21 Super
Electroporator (Nepa Gene, Ichikawa, Chiba, Japan). Five py g each of the gRNA- (previously
constructed and constructed above) and hSpCas9-expression vectors and 0.03-0.1 pmol donor vectors

constructed above were transfected into cells.
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“

case of true” anhydrobiosis (i.e. in

desiccation larvae) is generally much higher compared with that in the case of “ artificial”
induction of desiccation tolerance in Pvll cell line.

Using brain for the first ever trial to elucidate cell-type specific pattern of “ true”
anhydrobiosis (i.e. in the larvae) we successfully conducted series of pilot experiments. One
serious challenge was to find a proper solution to identify key cell types in the nervous system
of Pv. We used Drosophila data as a reference and found that while some cell types - glia (G),
neurons (N) and neuronal progenitor cells(C) could be surely identified, their subtypes, and
some other clusters still does not express clear markers reported for Drosophila. Thus, we
assume, that there is a basic difference in cell type-composition in Pv (and, likely, chironomids
in general) compared to that of Drosophila. This subject should be a topic of further, detailed

investigation.
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We found that the brains of Pv processes a special adaptation program toward anhydrobiosis.
There was a drastic decrease of total number of neurons in dry larvae, compared to the wet,
control larvae. Thus, in the dry larvae, the NPC represented most cells in the brains. Instead,
upon rehydration, number of neurons increased, that is likely illustration of proliferation of
NPC. Remarkably, number of glia cells did not change in the round of desiccation-rehydration.
We assume, that here we observed one of the basic mechanisms of anhydrobiosis in Pv: preservation
of NPC and glia cells, for post-rehydration proliferation. It is likely, that for some reason
true neurons are more vulnerable to water loss.

wet rehydrated

Cell types:
G glia

* N neurons

* NPC progenitor cells

Fig - 2 Changes in contribution of different cell types in brain in the total cell number

on different stages of desiccation/rehydration cycle.

Another illustration of specific fate of different cell types were the data of protective genes
expression in brain cells. Figure 3 represents a dynamic of expression of anhydrobiosis-
associated genes (PIMT, heat shock proteins, LeA, etc.) We see, that expression ununiformly
distributed among the cell types. Among the identified cell types, glia show the highest general
expression of protective genes in wet control larvae. Remarkably, PIMT (unique for Pv
methyltransferases) show the highest expression in brain cells (original PIMT gene in human,
for example, also shows the highest expression in brain). Upon desiccation, there is a strong
over-expression in glia and NPC, but not in neurons (Fig.3, control). Counting the cells number
suggest that neurons should massively die upon desiccation (Fig.2). Upon rehydration, we observe
further increase of RNA of protective genes in NPC, that proliferated and result in drastic
increase of neurons upon rehydration (Fig. 3, R24). Thus, our pilot study, suggest that evolution
of anhydrobiosis in Pv is associated with development of specific mechanism focused on the
protective of progenitor cells, rather than preserving mature neuron. Such observation opens an
intriguing opportunity to further elucidate mechanisms of preservation of the cells with high
proliferative potential, that is of interest for biomedical needs. Our current pilot, study,
using NPC as a model, allowed to identify a set of genes in Pv that is required for “ natural”

preservation of this cell type.
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Fig. 3 Dynamic of expression of protective genes

rehydrated (R24) larvae.

Genome structure of Pvil

in brains of Wet (control), Dry (D48) and

Using a combination of previous data and high quality long reads, we used improved sequencing

strategies to assemble a chromosome-level genome sequence

for P. vanderplanki. We provide evidence for the

specialization of chromosome 4 through extensive

acquirement of novel genes. A high degree of sub-

functionalization in paralogous anhydrobiosis-related

genes occurs in this chromosome, as well as

pseudogenization in a highly duplicated gene family.
These findings

suggest that the fourth chromosome in chironomids is a
site of high genetic turnover, allowing it to act as a

sandbox
harsh environments (Fig.4). We further improved and
updated the first resources specifically focused on
extremophilic chironomid genomics: www.midgebase.org

(Yoshida et.al, submitted)

for evolutionary experiments, thus facilitating the rapid adaptation of midges to

Fig. 4 Genes located on chromosome 1V
in Pv do not have orthologs in other
midges. This is the place for “ birth”

of new genes for adaptation to extreme

environments.
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