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ike many global-facing 
institutions, the University 
of Tyumen (UTMN) has 
ambitious plans for its 

research capabilities. From developing 
green technologies to combat the effects 
of climate change in the Arctic Circle to 
protecting against the impending threats 
to human biosecurity, the university is well 
placed to take on the challenges ahead.

Tasked with overseeing the implementation 
of these projects is Andrei Tolstikov, vice-
rector for research and international affairs. 
The challenges are considerable “but it is also 
a very exciting time to be doing research in 
Russia”, he says.

UTMN is one of 21 institutions in 
the country selected to be part of the 
government’s Project 5-100. The initiative, 
which began in 2012, is designed to boost 
Russian higher education and research on 
a globally competitive level, with the goal of 
bringing at least five of its universities into 
the top 100 of the most prestigious world 
university rankings.

To this end, an unprecedented level of 
funding has been made available for globally 
competitive projects taking place at the 
university’s research centres. Under this 
umbrella, a major interdisciplinary facility, the 
Institute of Environmental and Agricultural 
Biology (X-BIO), is also being established.

Another significant source of support for 
X-BIO will be the Research and Education 
Centre of Western Siberia. Among the first 
of 15 new centres announced for Russia, it 

The University of Tyumen is helping to find solutions 
to climate change and biosecurity threats

Groundbreaking 
research at  
the gateway  
to Siberia
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aligns dozens of universities and business 
centres from the Tyumen region, creating an 
innovative cluster modelled on the science 
parks and multi-institutional research hubs 
found in the US and UK. X-BIO has become 
the central unit of this cluster, focusing on life 
sciences and biosecurity issues. 

The goal for the new institute, says 
Professor Tolstikov, is to produce “world-
class research by bringing together scientists 
from many fields to focus on specific 
agendas, such as biological security”. 

Biosecurity – the protection of plant, animal 
and human populations against biological 
threats – is “a concern that is still under-
recognised”, he says, “but nowadays, attitudes 

are changing and, finally, global leaders are 
taking notice”. 

In December 2019, the Russian government 
drew up new legislation to enshrine 
biosecurity efforts in law. Experts are in the 
process of defining the terms around it, as 
well as the issues that need to be addressed.

Professor Tolstikov believes it is the 
multidisciplinary approach of X-BIO that 
will enable researchers at the university to 

progress towards solving major biosecurity 
challenges.“We have specifically designed 
research groups to bring together experts 
from various disciplines,” he says. “Biologists, 
chemists, physicists and mathematicians, 
among others, are working together to 
develop new bioanalytical tools to measure 
threats – for instance, by detecting pathogens 
that are spread by ticks.”

The university has a strong reputation for 
its groundbreaking research on mites, which 
includes projects with collaborators from 
more than 50 countries. “We’ve taken major 
steps to be on the frontline of research in this 
area,” Professor Tolstikov says.

The make-up of the staff and student body 
at UTMN is diverse – many are international – 
which is one of several aspects that Professor 
Tolstikov admits “pleasantly surprises people 
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when they come to the university”. UTMN  
is also uniquely positioned at the “gateway  
to Siberia”.

“Western Siberia is a large plain, so it is 
easy to see the changes in the distribution 
of animals and plants,” he says. “As we go 
further north, we can see the impacts of 
climate change in real time, and this attracts 
many research partners from across the 
world.” Most recently, UTMN has partnered 
with five German universities on a project 
focused on “sustainable land use and 
adaptation strategies to climate change for 
agricultural zones of Western Siberia”. 

The university also hosts field trips to the 
Arctic (1,000 km north of Tyumen), where 
academics, together with industry partners, 
study how climate change affects permafrost 
and the fragile infrastructure of the north. 

Another research priority at UTMN is 
antimicrobial resistance – a problem for 
medical bodies worldwide. In January 2020, 
the World Health Organisation issued a 
statement expressing concern that declining 
private investment and a lack of innovation 
in the development of new antibiotics were 
“undermining efforts” to combat drug-
resistant infections. “This is a huge issue but 
also one that presents great opportunities 
for the university,” says Professor Tolstikov. 
Siberia’s unique flora and fauna attract top 
biologists searching for new antimicrobials 
found among local bacteria, fungi, plants  
and insects.

The number of research publications at 
UTMN is also growing, while a targeted focus 
on English language skills has helped to 
boost its research reputation over the past 

10 years. “Not so long ago, almost all of our 
papers were published in Russian, so even 
in open access, they were inaccessible to the 
international community,” Professor Tolstikov 
says. With help from the US Embassy and 
the British Council in Russia, there is now 
a support service for staff and students to 
improve their English academic writing skills 
– one of the first of its kind in the country.

In addition, Acarina – a Scopus-indexed 
Russian journal dedicated to the study  
of mites and ticks – is based at UTMN,  
with Professor Tolstikov serving as its  
editor-in-chief.

These advances, alongside the university’s 
“youthful and fresh approach to innovation”, 
have led to positive change. “We will continue 
to build our reputation as a global leader of 
science,” Professor Tolstikov says.

This is picture caption 
style 3 linex should be 

enpough right?

2 3

Professor Andrei 
Tolstikov, centre, 
with colleagues at the 
University of Tyumen 



Understanding aerosols enables new research into 
microorganisms, pesticides and climate change

The lab built  
on levitating  
water droplets
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A
fortuitous discovery proved  
to be the catalyst for the 
Microhydrodynamic 
Technologies Laboratory (MTL), 

now a part of the Institute of Environmental 
and Agricultural Biology (X-BIO) at the 
University of Tyumen (UTMN).

On 11 October 2003, researcher Alexander 
Fedorets pointed a laser at a layer of water 
and noticed something strange: in the 
resulting cloud of vapour, tiny droplets of 
water had organised themselves into small 
clusters, which were hanging in the air.

“Such an unusual phenomenon was 
impossible to ignore,” he says. “At that time, 
there were no theoretical expectations – no 
one had tried to find clusters purposefully.” 
The droplets looked like tiny marbles, each 
perfectly spherical and organised into a 
single layer. “The microdroplets are about the 
same size as in fog and clouds, but there is 
an important feature – the cluster is a well-
ordered structure,” Dr Fedorets says.

These clusters, which he named “2D 
aerosols”, have important implications 
for how we study the atmosphere and the 
movement of microorganisms through it.  
Dr Fedorets’ findings can also be used in 
more practical applications, such as in 
agricultural pesticide sprays.

Atmospheric aerosols, which are particles 
suspended in the air, play a vital role in 
climate change. They scatter incoming 
radiation from the sun, and some can even 
absorb it, which can push up temperatures. 
However, the diversity and behaviour of 
aerosols are not well understood, which 
introduces uncertainty into scientists’ climate 
models and hinders efforts to accurately 
predict what a warmer planet will look like.

“It is impossible to understand what 
happens and create adequate geophysical 
models without knowing what occurs at 
the level of a seemingly insignificant water 
droplet floating in the clouds,” Dr Fedorets 
says. “The microdroplet is a reservoir of 
atmospheric moisture, a chemical reactor, 
and a home for travelling microorganisms.”

Since his discovery of these clusters,  
Dr Fedorets and colleagues have published 
numerous papers on this phenomenon. 
“Articles in international journals that have 
regularly appeared since the discovery of 
the new phenomenon became the ‘catalyst’ 
for the decision to create a new research 
unit,” he says. And, in 2016, the university 
established the MTL, which Dr Fedorets leads. 

A major research focus of the lab is on 
understanding the nature of 2D aerosols: 
why they behave in a singular way and what 
knowledge about the environment we expect 
to gain with their help. In a 2019 paper in 
the Philosophical Transactions of the Royal 
Society, Dr Fedorets and his colleagues 

investigated how microorganisms, such as 
bacteria, could travel in aerosols. Currently, it 
is difficult to study bio-aerosols because it is 
not possible to trace individual microdroplets. 
UTMN’s research lays the groundwork for 
a method to track bacteria in 2D aerosols. 
“Tracking life in bio-aerosols is important for 
understanding the biodiversity and migration 
of microorganisms; it may also be relevant 
to the problems of the origin and the early 
stages of life on Earth,” the paper states.

Practical applications of clusters also drive 
research efforts. The laboratory is part of 
X-BIO, whose research explicitly focuses on 
addressing global challenges such as hunger, 
environmental health, climate change and 
antimicrobial resistance. This is the direction 
in which Dr Fedorets plans to take the study 
of 2D aerosols.

Researchers have devised a technique to 
manipulate 2D clusters. “We have learned 
how to generate and manage clusters so that 
the droplets can contain anything: dissolved 
substances, nano- and microparticles, 
including microorganisms,” he explains. 
For example, in the agricultural industry, 
pesticides are often deployed in aerosol form 
and “it is highly important to understand how 
stable a particular substance is in the spray”. 
Dr Fedorets plans to “use this quite versatile 
tool in solving a variety of chemical, biological 
and environmental problems”.

Cutting-edge science being done at X-BIO 
is what attracted Dmitrii Gabyshev to the 
team. Dr Gabyshev grew up in Tyumen and 

returned to his hometown after studying at 
several Russian institutes. “It is extremely 
interesting to be present during the formation 
of a new large scientific centre,” he says. 
“The droplet cluster technique continues to 
develop and its applications are expanding.” 
In a paper published last year, Dr Gabyshev 
and colleagues showed that it was possible to 
manipulate the growth of the cluster-droplets 
by applying an electric field.

New ideas for possible applications are also 
a result of international collaborations with 
colleagues from the US, Israel and Germany, 
among others.

Based on discussions with scientists in 
Germany and Finland, “there are plans to 
use our micrometeorological applications of 
the droplet cluster in the study of large-scale 
atmospheric processes, such as weather and 

climate dynamics”, Dr Gabyshev says.
At the moment, micrometeorology is just 

one of the research thrusts of the laboratory. 
But it is an area that Dr Gabyshev would like 
to develop further, especially the connection 
between microdroplets and cyclones. “I am 
pleased that the university is now firmly 
entrenched on the scientific map of my 
research area,” he adds.

Dr Fedorets’ whole career has been linked 
to UTMN, from his undergraduate studies 
through to his discovery of 2D aerosols and 
directorship of the MTL. The university  
will also be integral to the next stage of  
his work. 

“My main project in the near foreseeable 
future is the creation of a fundamentally new 
tool, more precisely a technology – comprised 
of specialised equipment, software and 
measurement techniques – that will make 
research, which seems impossible now, 
routine,” he says. This could include the next 
phase of his original breakthrough: tracking 
microorganisms, surfing through the air in 
water droplets.
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research group at the University 
of Tyumen (UTMN) is working 
to mimic one of nature’s 
greatest feats of engineering: 

the eye. Based at the university’s Institute 
of Environmental and Agricultural Biology 
(X-BIO), the work focuses on the emerging 
field of biomimetics: synthesising biological 
systems and functions to solve a range of 
complex human problems.

“We aim to study phenomena on the 
interface of microfluidics, photonics, physical 
chemistry and biology to understand their 
nature; and to implement these phenomena 
in the development of new methods and 
devices in agriculture, biomedicine, materials 
science and adaptive optics,” says the head 
of the laboratory, Natalia Ivanova. These 
approaches underpin several projects  
that her group is working on in the field  
of biomimetics, also known as nature-
inspired engineering.

The lab was formed in 2015 as a successor 
to a group led by Boris Bezuglyi, whose 
pioneering research at UTMN in the 1990s led 
to breakthroughs in microfluidics, namely in 
the use of light energy. Headed by Dr Ivanova, 
the group includes three postdoctoral 
researchers and four PhD students.

Optofluidics is an interdisciplinary area 
of research that studies how light energy 
influences liquids and applies this knowledge 
in a range of devices. It is the foundation of 
many of the lab’s flagship projects. In one 
of its recent successes, the group used 
optofluidics to develop an adaptive liquid  
lens that can imitate the main reflexes of  
the human eye.

The lab uses biomimetic optics – synthetic 
technologies that mimic the biological 
functions of the eye. “They have many 

Pioneering work has resulted in breakthroughs that 
may replace traditional optical technologies

An eye for 
innovative 
optofluidics
A

advantages over traditional technologies,”  
Dr Ivanova says. 

Biomimetic optics can adapt more 
effectively to changing conditions. In 
particular, they can emulate optokinetic and 
pupillary light responses, when pupils change 
in diameter to adjust to the amount of light. 
These optical systems can also be engineered 
on a very small scale.

This makes the technology hugely 
advantageous when used in components for 
consumer electronics, medical equipment, 
robotics and many other areas.

Unlike traditional technologies in this 
field, liquid lenses can move quickly while 
autofocusing, stabilising images and tracking 
optical signals, and can focus an unlimited 
number of times without wearing down,  
Dr Ivanova explains. This makes them 
extremely durable and reliable. The 
researchers believe this varifocal liquid lens 
could become an integral part of lab-on-a-
chip devices, and in optics for computer vision, 
medical devices and biological research. 
“In the future, we would like to expand 
this project by developing new biomimetic 
microfluidic devices,” Dr Ivanova says.

The lab has also scored major 
breakthroughs in advancing the field of 
microfluidics itself. For example, the group 
has developed a non-contact method of 
capturing micro- and nanoparticles in 
microdroplets using light beams. “We apply 
thermal stress on colloidal solution, which 
allows us to control the self-assembly 
process in real time and create structures 
and patterns of any complexity with high 
resolution,” Dr Ivanova explains.

This simple, affordable method has the 
potential to speed up research in the field 
of microfluidics. To test their theory, the 
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group has recently been collaborating with 
academics from Loughborough University  
in the UK. 

“International collaborations provide us 
with a fresh outlook on our research and  
help us gain new ideas,” Dr Ivanova says.

The work with Loughborough is one of 
several projects undertaken in 2019. UTMN 
academics have also worked with a group 
from Ariel University in Israel to develop a 
solution to magnet-induced deformation 
of thin liquid film. The project used a 
photothermocapillary response method, 
which measures the shape of the liquid 
surface and helps determine the structure of 
materials by using laser beams. The groups 
tested the method and published a jointly 
authored paper on the subject.

The lab has also collaborated internally 
with other researchers from X-BIO, combining 
expertise from different fields to develop 
practical applications for its methods. This 
has led to the development of a method 
to improve the spreading of pesticides on 
leaves, thus boosting their effectiveness,  
Dr Ivanova explains. “Collaborating with other 
research groups from X-BIO helps us use our 

knowledge in microfluidics to solve practical 
problems in agriculture and biosecurity,”  
she says.

Being part of the institute also gives the lab 
a way to bring these technologies to market. 
“X-BIO has close contacts with industry, 
therefore providing us with [an understanding 
of] the actual problems faced by the 
companies. This allows the commercialisation 
and further implementation of our original 
devices,” Dr Ivanova says.

The surface-wetting project has already 
attracted interest from potential partners, 
not only in agriculture but also in the 
petroleum industry, and UTMN is currently 
in negotiations about how to develop this 
collaboration further. “We’ve had another 
promising contact with one of the biggest 
international electronics manufacturers, 
which is considering using our results in 
developing an adaptive liquid lens for one of 
its products,” Dr Ivanova says.

Solving challenges in the agricultural, 
petroleum and electronics sectors, along  
with generating more biomimetic microfluidic 
devices, will continue to be a major focus for 
the lab in the years to come.
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he first time Alexey Vasilchenko 
came face-to-face with the 
ferocious bacteria-killing 
abilities of peptides was 

when he looked through an atomic-force 
microscope. Such powerful technology 
enables promising young microbiologists 
such as himself to study single cells in their 
living state.

“Peptides are chains of amino acids 
produced by cells for a range of reasons, 
including defence,” Dr Vasilchenko clarifies. 
He recalls exposing a bacterial cell to a 
peptide derived from human blood-clotting 
agents known as platelets. “These peptides 
killed the cells in minutes, literally tearing 
them to pieces,” he says. “These features 
seemed interesting to me, and I decided to 
continue my research activity, concentrating 
on antimicrobial peptides.”

Dr Vasilchenko leads the antimicrobial 
resistance research group at the Institute 
of Environmental and Agricultural Biology 
(X-BIO) at the University of Tyumen (UTMN). 
The institute was founded in 2017 and 
the research group is a youthful one: 
there are five researchers with a PhD, two 
postgraduate students, five graduate students 
and three undergraduates.

The group’s work is at the cutting edge 
but the basic biological insights behind it 
dovetail with a line of scientific inquiry that 
dates back more than a century. Before 
his career-making discovery of penicillin, 
Scottish physician Alexander Fleming studied 
the antimicrobial protein lysozyme, which is 

New pesticides are being created by harnessing  
ancient immune defences of plants

Revolutionising 
antimicrobial 
resistance
T

abundant in animal secretions, such as tears, 
saliva and milk. Since then, there has been 
relatively little research done on antimicrobial 
peptides. But that is changing, in part 
because microbes are becoming resistant 
to our current best defences against them – 
antibiotics – but also because peptides can 
do other things, such as fight plant-infecting 
pathogens – a major scourge for farming.

A long-term goal for the research group 
is to develop new products that can protect 
plants from attacks by microorganisms, such 
as bacteria and fungi. Traditional ways to 
combat these microorganisms come  
with ecological problems of their own:  
they are often toxic and non-biodegradable. 

If Dr Vasilchenko’s team can produce a 
biological plant protection product, it will be a 
world first. “Currently, antimicrobial peptides 
are not used as commercial plant protection 
products,” he says.

But plants have their own defences against 
these microorganisms. Using their innate 
immune system, which includes a broad 
arsenal of antimicrobial peptides, wild plants 
are good at fighting off infections, says  

Dr Vasilchenko. But domesticated plants have 
lost many of the biological hacks that enable 
their wild relatives to survive. This makes 
wild plants, such as dandelions and ferns, 
interesting research subjects.

The group is also examining defence 
molecules produced by bacteria themselves, 
which have evolved in competition with 
each other over millions of years. Extreme 
environments are the best places to look for 
such molecules, says Dr Vasilchenko. The 
researchers were able to isolate a particularly 
feisty bacterium from a depth of 2,212 metres 
below sea level in Georgia’s Veryovkina Cave, 
the deepest cave in the world. At such depths, 
he says, “only the fittest survive”.

In 2018, Dr Vasilchenko’s group published 
its first big discovery, with colleagues from 
institutions in Orenburg and Moscow. They 
had found a new structure, an antimicrobial 
peptide synthesised by a bacterium, or 
bacteriocin, which they named enterocin-7. 
The peptide had a number of unusual 

“Science is like 
a tangle that 
needs to be 
unwound”  
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properties not found previously in similar 
substances. In a university statement 
published at the time, Dr Vasilchenko noted 
that scientists don’t know why bacteria 
produce these molecules, adding: “There 
is an opinion that it’s not only to destroy 
competitors but also to scare them away.” 

To further their fundamental understanding 
of antimicrobial peptides, and their role in 
nature, the researchers at UTMN are looking 
at what happens when these peptides come 
into contact with pathogens in concentrations 
that are insufficient to neutralise them. When 
the concentration of antimicrobial peptides 
drops below a certain threshold, at which 
they can no longer kill bacteria, peptides 
begin acting as signalling molecules that  
can nevertheless provoke a response. 

As with antibiotics like penicillin, that 
response could be a growing resistance, or 
the bacterium might start producing more 
toxins. Very few studies have looked at 
these effects of antibiotics, let alone those of 

antimicrobial peptides, Dr Vasilchenko says.
He adds that Tyumen, which is located in 

Western Siberia, is an ideal place to carry out 
this work. “The best thing is that the goals 
of the university leadership coincide with 
our scientific interest,” he says. Two years 
ago, UTMN allocated a sum equal to around 
$1 million (£773,000) towards improving its 
biochemistry and molecular biology research. 

Since then, the antimicrobial resistance 
research group has drawn up a list of 
equipment that it needs to become a global 
centre for scientific collaboration, capable 
of attracting major international grants. On 
the list are high-resolution microscopes and 
equipment for conducting so-called omics 
research on cells – a catch-all term that takes 
in genomics, proteomics and secretomics. 
The plan is to acquire all the equipment in the 
near future, Dr Vasilchenko says.

The research group also has strong 
professional links across Russia, as well as 
with international labs, he adds. In Russia, 

it collaborates with the Russian Academy 
of Sciences’ Moscow-based Institute of 
Bioorganic Chemistry and the All-Russian 
Institute for Plant Protection, based in  
St Petersburg. As with all scientific 
endeavours, Dr Vasilchenko says that 
it is difficult to predict where UTMN’s 
antimicrobial resistance research group will 
be in 10 years. “Science can be compared to a 
tangle that needs to be unwound. Sometimes, 
you start work on one task and something 
new comes out of it,” he says.

Over the next five years, the group will 
continue working on antimicrobial peptides.  
It is primarily fundamental science, says  
Dr Vasilchenko, but it should result in 
something tangible. A development 
framework for the Tyumen region features 
the objective to develop new products for 
biological plant protection and bring them to 
market. “Of course, it’s easier said than done,” 
he says. But all the building blocks are there 
to make a successful attempt.
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he location of the University of 
Tyumen (UTMN) in southwestern 
Siberia is perfect for anyone 
who wants to study flora and 

fauna. The region covers a dramatic range 
of environments, from the taiga (subarctic 
forest) and the treeless tundra in the north 
to the steppe (grassy plains) in the south.

This diversity gives Anatoliy Khapugin 
and Larissa Ivanova (pictured) a unique 
perspective on their work within the 
university’s Institute of Environmental and 
Agricultural Biology (X-BIO). Dr Khapugin’s 
research group deals with alien and invasive 

plant species that threaten native diversity 
and alter ecosystems. The Tyumen region  
“is one of the best areas to study alien plants 
because of the high diversity of environmental 
conditions, of which the most important 
ones for alien plants are temperature and 
precipitation”, he says.

Dr Ivanova leads a research group that 
examines how the environment interacts with 
the physiology of the plants. The research 
focuses on the response of plants to climate 
change, anthropogenic threats (the human 
impact on the environment), environmental 
contamination and biological invasions. She 

concurs about the benefits of Tyumen’s 
location, adding that this is mirrored in the 
university’s approach to research. “The lab 
is at the interface between plant physiology 
and ecosystem ecology. It has expanded by 
attracting specialists with expertise in distinct 
research areas covering ecology, vegetation 
and plant physiology,” she says.

UTMN is currently undertaking a series 
of complex research projects, some in 
collaboration with a government science-
funding body, the Russian Foundation for 
Basic Research. These include a project 
examining which plant traits serve as 

Battling 
biological 
invasions
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Siberia holds unique insights into invasive species 
and how plant life reacts to environmental change
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predictors of global climate change. “The 
most important part of our research is linked 
to the remediation of contaminated soils, 
known as phytoremediation,” says Dr Ivanova.  
“The aim is to study the influence of genetic 
transformation on the physiology of the whole 
plant and, from that, to predict carbon balance 
[the difference between CO² uptake and loss] 
and the viability of transformed plants in 
natural conditions.”

Phytoremediation, the process of using 
living plants to decontaminate soil, air and 
water, is the focus of another of UTMN’s 
notable international collaborations. Its 

partner in this research is the University of 
Freiburg and the venture was supported by 
Germany’s Federal Ministry of Education 
and Research. Led by Heinz Rennenberg, 
the project has resulted in new findings 
about how different types of poplar trees can 
remove heavy metal contaminants from soils.

Another of the lab’s German partners, 
the University of Münster, hosts meetings 
between the two institutions’ plant ecologists. 
This joint venture has resulted in an article 
about leaf traits published in the New 
Phytologist that has been recommended by 
the influential Faculty of 1000 scientific peer 
review platform.

In addition to these international 
partnerships, UTMN is engaged in an 
extensive network of initiatives with domestic 
academic institutions, including the Ural 
Federal University (on vegetation analysis 
and the study of invasive plants), the Federal 
Scientific Center of the East Asia Terrestrial 
Biodiversity, Vladivostok (focusing on rare 

and medicinal plants), the Institute of Ecology 
of the Volga River Basin, Togliatti (looking 
at the functional properties of salt-tolerant 
plants), as well as the Timiryazev Institute of 
Plant Physiology and A.N. Severtsov Institute 
of Ecology and Evolution, Moscow (studying 
the problem of global carbon sink and 
desertification).

Dr Ivanova’s research group recently 
announced a different kind of partnership: 
its first collaboration with industry. “We 
have a joint development with System of 
Image Analysis and Modelling Structures, 
in Ekaterinburg, to develop a special 

software for the analysis of images of plants’ 
photosynthetic apparatus,” she says. “This 
software, called SIAMS MesoPlant™, is an 
innovation in the analysis of plant morphology 
and anatomy, designed for laboratory and 
field use.”

Along the same lines, the plans of  
Dr Khapugin’s research group to counteract 
the harmful invasion of Sosnowsky’s hogweed 
in Tyumen could generate an industrial 
collaboration with commercial benefits.

Domestic and international academic 
collaboration is vital to achieving Dr 
Khapugin’s goal of determining the main 
patterns of invasion rates in order to predict 
and counteract the expansion of alien  
plant species.

“Apart from our local investigation of 
alien species in Western Siberia and central 
European Russia, our research group is 
involved in collaborations with researchers 
from Russia, Turkey, Azerbaijan, South Africa, 
Egypt, Ethiopia and the US,” he says. “These 
ventures are long-term field studies, and 
they enable us to analyse plant invasions in 
protected areas across different latitudes 
in both hemispheres...Such work is highly 
relevant in Russia because data on alien 
species in protected and managed areas here 
are poor in comparison to regions such as 
Central Europe and South Africa.”

Owing to its rigorous work and numerous 
academic partnerships, Dr Khapugin says, 
X-BIO is “set to be one of leading organisations 
counteracting biological invasions at both 
national and international levels”.

Dr Ivanova adds that X-BIO “has given us 
the opportunity to set up a novel laboratory 
that combines several traditionally distinct 
research areas, from biophysics and plant 
physiology to ecosystem and landscape 
ecology. Since the University of Tyumen pays 
particular attention to plant biosecurity issues 
– we feel that our work is firmly supported 
and that our research is in high demand.”

The research group intends to expand “by 
engaging in interdisciplinary collaborations in 
the spheres of plant biophysics, genetics and 
molecular biology. Besides the more obvious 
applications in the fields of agriculture and 
forestry, we plan to use our approach in 
the study of natural ecosystems, such as 
grasslands, forests, wetlands and mountains. 
We intend to scale up from subcell, cell, organ 
and plant physiology to communities and 
ecosystems properties,” she says. 

Likewise, Dr Khapugin wants to broaden 
the scope of his research group. ‘We plan to 
enlarge our group, increase the number of 
our collaborations and expand our study area. 
This will provide a comprehensive framework 
for understanding and counteracting 
biological invasions  on different levels,”  
he says.

“The lab attracts 
specialists with 
expertise in 
distinct areas” 
LARISSA IVANOVA



here are more than 50,000 
species of mites and ticks 
known to science. But because 
of their tiny size and complex 

morphology, they are among the world’s 
least studied invertebrates.

When we consider that new research, led 
by the American Museum of Natural History, 
suggests that there are 18,000 species of 
birds on the planet, 50,000 species of mites 
and ticks seems a substantial number – a 
huge biodiversity hidden in plain sight. Yet 
acarologists who 
study mites and 
ticks insist that 
this number is 
relatively small.

“According to 
some reports, 
the number 
of species of 
mites could 
reach a million,” says Alexander Khaustov, 
an acarologist at the University of Tyumen 
(UTMN). 

“Each year, a huge number of new species 
of mites are discovered, and our laboratory is 
one of the world leaders in this field. Over the 
past six years, we have found about 600 new 
species,” he says.

The acarology group’s research is divided 
in two spheres: first being the study of the 
taxonomy, evolution and ecology of mites and 
ticks, and the second being the application 
of this knowledge in the fields of agriculture, 
forestry and other industries. This feeds into 
the broader strategy of UTMN’s Institute 
of Environmental and Agricultural Biology 
(X-BIO), which is to look for scientific 
breakthroughs to support agriculture  
and biosecurity, as well as efforts to protect 

Biological solutions to mite and tick infestation  
look poised to benefit agriculture and forestry

Getting to the 
root of pest 
control
T

humans, animals and plants from biological 
threats.

Mites and ticks may be small in stature but 
they are massively important to industries 
such as agriculture, where pest control is a 
perennially evolving issue. 

With a short life cycle, high fertility and the 
ability for successive generations to develop 
a genetic resistance to pesticides, mites are 
a major concern. “Some mites pose a serious 
threat to various agricultural sectors,” says 
Dr Khaustov. “For example, spider mites are 

able to multiply 
very quickly 
and destroy 
agricultural plants 
and crops in a 
short time. This is 
especially true for 
greenhouses. 

Some species 
of mites can 

transfer spores of pathogenic fungi and are 
indirect pests. Significant damage is caused 
by mites that harm food supplies in that way, 
especially grain and its processed products.”

While mites are part of the problem, they 
can also be part of an ecologically sound 
solution. UTMN’s acarology research group 
is collaborating with industry partners in 
the search for predatory mites that could 
be used for plant protection. Introducing a 
predator to depopulate a crop of potentially 
damaging mites offers an organic alternative 
to a problem that might currently be 
controlled through pesticides. This is an area 
in which Omid Joharchi, an X-BIO researcher 
and associate professor at UTMN, has 
considerable experience.

Dr Joharchi has a PhD in agricultural 
entomology from the Islamic Azad University 

in Iran, where his research involved the study 
of Gaeolaelaps aculeifer, a soil-dwelling 
predator mite that could potentially be 
deployed to control nematodes, thrips and 
acarid mites among bulb crops. Dr Joharchi 
says that finding biological solutions to pest 
control may not only be more effective in 
protecting agricultural yield but safer than 
chemical alternatives.

“Pesticides sprayed on fruits and 
vegetables accumulate on the outer peel or 
skin, which is not an impermeable barrier,” 
Dr Joharchi says. “Some pesticides are 
actually designed to be absorbed into the 
tissue of the fruit or vegetable to protect it 
from pests that penetrate the skin to suck 
out the liquid. Imagine that just one drop of 
pesticide has accumulated in an apple…how 
many apples do you eat in your whole life? 
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Researchers at the University 
of Tyumen search for 
predatory mites that could 
help to control  pests, such  
as the bark beetle

“Pesticide has 
been linked to 
the causation 
of diseases” 
OMID JOHARCHI



That’s just one example. Keep in mind that 
long-term pesticide accumulation in human 
bodies has been linked to the causation  
of diseases.”

Finding predatory mites and developing 
practical biological solutions to pest control 
leads back to the fundamentals of acarology, 
and the discovery and classification of new 
species of mites and ticks. In conducting this 
work, UTMN’s research group collaborates 
with acarologists across the globe. “Research 
in acarology is virtually impossible without 
international cooperation,” says Dr Khaustov. 
“A constant exchange of information and 
materials is required.”

One ongoing collaboration at UTMN is 
the new Forest Biosecurity Center, a joint 
laboratory where X-BIO’s acarologists work 
with their Northern Arizona University 

counterparts to learn more about a pest that 
presents a clear danger to the US forests, 
the bark beetle. There are thousands of 
bark beetle species. Some species, which 
accelerate the composition of organic matter 
in rotting bark and dying trees, are good for 
forestry. Others, such as the mountain pine 
beetle, kill healthy trees by the millions.

“Researchers at the University of Tyumen 
have extensive experience in studying 
mites associated with bark beetles,” says 
Dr Khaustov. “And researchers at the 
Northern Arizona University have extensive 
experience in the study of the biological 
and environmental characteristics of bark 
beetles. This cooperation is complementary 
and mutually beneficial.”

Dr Khaustov believes that UTMN’s excellent 
technological and academic infrastructure 

equips it to support more collaborations 
focused on biological solutions to pests 
such as termites and bark beetles. “One of 
the most important practical tasks will be 
searching for predatory mites in Western 
Siberia to identify species that can control 
these pests,” he notes.

In this regard, acarologists have observed 
the phenomenon of parallel evolution in 
parasitic mites. “Highly specialised forms 
of parasites, or symbionts, appear on 
a particular species or a group of host 
species,” Dr Khaustov explains.. This 
phenomenon may help to identify mites that 
could control pests, such as bark beetles.

The research group will also continue to 
study the fundamentals of mites. As the 
numbers suggest, there is much work yet to 
be done.

This is picture caption 
style 3 linex should be 

enpough right?
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iny creatures can reveal the 
mysteries of our environment – 
from its current health to how it 
is changing.

Soil zoology is the study of how animal and 
plant life interact with their soil and plant 
environments. It is the primary research 
focus of the International Complex Research 
Laboratory for Climate Change, Land Use 
and Biodiversity at the University of Tyumen 
(UTMN). Part of its Institute of Environmental 
and Agricultural Biology (X-BIO), the 
laboratory is among the world’s leaders in 
the study of soil mites.

“The issues of ecological plant physiology, 
biological vectors of transmittable diseases, 
biological invasions and soil ecology are 
also covered by other teams,” says Andrey 
Yurtaev, who leads the laboratory. “We all 
have one thing in common: the objects of our 
investigations are related to soil in one way 
or another, since it is the universal habitat of 
living organisms.”

Soil is an essential part of our ecosystems. 
It filters water, stores waste and provides 
nutrients. Most of our food comes from it and 
billions of organisms live in it. “Soil is not just 
a part of the biosphere – it is the biosphere,” 
Dr Yurtaev says.

“There are many species of animals that 
live in the soil, mainly invertebrates. The 
biomass of soil animals significantly exceeds 
the biomass of terrestrial animals,” he adds. 
Soil animals perform various roles: they 
process plant litter and enrich it, for example, 
adding nutrients that help plants thrive.

Soil mites are one group of animals 
studied by the lab’s researchers. Found in all 
types of soil, these mites are highly sensitive 
to soil pollution. Therefore, they can offer 
invaluable insights into the biology of the 
area and provide evidence of climate change.  

“The study of mites allows us to obtain 
palaeoecological data. For example, a 
study of fossil mites in amber reveals clear 
changes in the climate,” says Dr Yurtaev. 
“Today, mites that were found in Baltic 
amber, which formed about 40 million years 
ago, in the late Eocene, live much further 
south, namely in tropical and subtropical 
zones. This observation points to the fact that 
in the Eocene, the climate in northern Europe 
was much warmer.”

The laboratory, created in 2012 as part 
of a joint Russian-German research project 
supported by the German Federal Ministry 
of Education and Research, is focused on 
a few key research projects. One study, 
funded by the Russian Science Foundation, 
will make it possible to determine the times 
it took different groups of acariform mites 
to transition between different habitats 
using phylogenetics, palaeontological 
information and molecular clocks. The 

Earth, and the life forms within it, can  
tell us much about our environment

The secret 
life of soil

T
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research team, led by Dr Pavel Klimov, will 
organise expeditions to the coast and inland 
water bodies of Australia and Brazil as 
part of the project. Another project, which 
focuses on soil palaeoecology, will examine 
pedosediments that have “soil memory”. 
Funded by the Russian Foundation for Basic 
Research, the study will examine palaeosols 
– ancient, preserved soils – at palaeolithic, 
archaeological and palaeontological sites in 
Western Siberia and other parts of Russia.

One of the future research directions of the 
laboratory is the creation of virtual, or three-
dimensional, soils. “Virtual soil is a cyber 
model of real soil, the parameters of which 
we can adjust according to our needs. Why is 
it important? We could predict how the soil 
system will evolve under changing conditions 
– for example, climate parameters,”  
Dr Yurtaev says.

“Also, in some areas of the Earth, for 
example in the Arctic, there are no fertile 
soils. Using virtual soil, we would be able to 
form a real soil with the desired parameters. 
With the help of cyber soils, it is also possible 
to programme and monitor the soil health of 
real pedological systems.”

Collaboration with other scientists is a key 
aspect of the laboratory’s work. It shares 
intellectual, material and administrative 
resources with other groups in X-BIO. “We 
have an opportunity to consult with experts in 
physics, chemistry, cryology and information 
technologies. Moreover, we involve X-BIO 

“We could 
predict how  
the soil system 
will evolve”  
ANDREY YURTAEV
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students in our studies; some of them are 
now part-time employees of the laboratory,” 
says Dr Yurtaev. 

Equipment is also shared, resulting in joint 
projects and publications by the scientists 
of X-BIO’s sub-departments. Interacting 
with UTMN’s experts in nanotechnology, 
for example, gives the lab’s researchers an 
opportunity to study their subjects through 
electron microscopy.

Research partnerships with those outside 
the university are equally important. 
Known for its openness to international 
collaborations, the laboratory has been 
involved in various projects with universities 
and research organisations from all over 
the world. One example is a study of mites 
in South Africa, undertaken jointly with the 
National Museum in Bloemfontein. This 
study, which focused on the biodiversity of 
termitary mites, was the first of its kind in 
South Africa, resulting in the description of 
many new mite species.

Another international cooperation helped 
to catalogue oribatid mites from the Malay 
Archipelago. Working with the University of 
the Philippines, X-BIO acarologist Sergey 
Ermilov systematised a 113-year period 
of mite investigation on the archipelago, 
which includes Malaysia, Singapore, Brunei, 
Indonesia, East Timor and the Philippines.

Dr Ermilov, a leading international 
specialist on oribatid mites, while on a 
project with the Institute of Zoology in 
Slovakia, discovered a new species. He 
named these oribatid mites, which live on 
the forest floors in Malaysia, Trachyoribates 
viktortsoii, after Viktor Tsoi, a Soviet rock 
musician and songwriter he admired.  

“International cooperation provides great 
opportunities for the exchange of scientific 
experience and expertise,” says Dr Yurtaev. 
“And of course, it’s very interesting,” he adds.
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FIND OUT MORE ABOUT THE X-BIO Institute’S  
master’s programMES  taught in English

Students are also able to study English-language  
PhD programmes in mycology, entomology or soil science

Mathematical Biology 
 and Bioinformatics 

PLANT   
BIOSECURITY
The master’s programme in plant biosecurity 
teaches the expertise necessary to understand 
and find solutions to pertinent global 
biosecurity problems, in a dynamic  
and applied research setting. 

It also offers:
• Opportunities to conduct thesis research

under the supervision of leading scientists
• Access to the X-Bio Institute’s world-class

laboratories
• Learning through participation in real-life,

problem-oriented research projects
      • Research internships in St. Petersburg’s  
        All-Russian Institute of Plant Protection

Mathematical biology focuses on biological  
data. Bioinformatics, in turn, offers proper 
methods and programming tools necessary for 
such analysis. It is a multidisciplinary science 
that combines computer sciences and statistics 
in studying biological data.

Master’s students will:
• Focus on practice-oriented education in 
 bioinformatics at one of the leading centers
 of ecological and agricultural biology
• Participate in joint scientific projects with
 partner universities in western Europe
 and the USA, with co-advised international
 dissertations a possibility

The Study Office   
Institute of Environmental   
and Agricultural Biology (X-BIO)

CONTACTS

Address: University of Tyumen

25 Lenina St., Tyumen, 625003, Russia

Tel: +7 (3452) 59-74-00 (ext. 17102)

e-mail: study.xbio@utmn.ru

www.utmn.ru/x-bio
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