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HUNODOM

DenepanbHOE TOCYAAPCTBEHHOE OI0KETHOE HaydHOE yupexaeHue «HaydaHo-
MCCIIE0BATENLCKUH HHCTUTYT (PU3HONIOTHH U (DYHAaMEHTAIBHON METUIIMHBD)

Hupexrop — akagemuk PAH Jlro6omup MBanoBuy Adranac

HUNDDOM ocHosal B 1967 roay Ha 6a3e Otaerna 5KOJIOrHYECKON (U3HOJIOTHH YEI0BEeKa 1 )KUBOTHBIX
WuctutyTa nutonoruu u reHetuku Cubupckoro otaencuus Axanemun Hayk CCCP.

Muccuss HUHM®®M: CoxpaHeHHE MEHTAJIbHOTO U (PU3MYECKOTO 3710POBbsI HACEJICHUSI HA OCHOBE
BHEJPEHUS HOBBIX Pa3pa0OTaHHBIX METOIOB U TEXHOJIOTHH AUArHOCTHKH, JICYEHUs U NPODUIAKTUKU
MIOTPaHUYHBIX HEPBHO-TICHXMYECKUX U apPEeKTHBHBIX HapyIICHHH, IICHXOCOMAaTHIEeCKUX U HeHpoze-
TeHEePaTUBHBIX 3a00JICBaHUMN, aNMapaTHBIX HEHPOTEeXHONOrHH (UTHECa MO3ra U HedapMaKoIoruie-
CKOH TepareBTUUECKON CTUMYJISILIUK PE3UCTEHTHBIX K (HapMaKOJIOTHYECKHM BO3ACHCTBUSIM IaTONO-
TUYECKUX COCTOSIHUM.

Hanpasienus nesitesibHoct (B coorBercrBun ¢ Ycraom HUNDDM):

1. M3y4yeHue MOJCKYISPHO-TEHETUYCCKHX, YHI0(DEHOTUIIMYECKUX, HEHPOPU3NOIOTHUECKUX, HEH-
POXMMHYECKHUX W HEHPOMMMYHHBIX OCHOB MHTEIPaTUBHBIX (DYHKLHMI MO3ra M HEHpOBHCIEPATbHBIX
B3aUMOOTHOLIEHUI B HOpME, IIPU NICUXUYECKNX, ICHXOCOMaTHUECKUX PACCTPOMCTBAX M Helpozaere-
HEpPaTHBHBIX 3a00JIEBaHUAX, pa3padOoTKa MEePCOHATU3UPOBAHHBIX METOAOB UX NMPO(UIAKTUKH, Jua-
THOCTHKH U JICUCHHSI.

2. 3yueHne quHaMUKH (QYHKIIMOHAIEHOTO COCTOSIHHS OPTraHU3Ma IIPH BO3ACHCTBUH CyOIKCTpeMatb-
HBIX U 9KCTPEMAaJIbHBIX ()aKTOPOB B HOPME U MATOJIOTHH M pa3paboTKa MepcoOHaIN3MPOBAHHBIX TEXHO-
Joruit mpoUIIaKTHKN M KOPPEKIHN TU3aJalTHBHBIX COCTOSHHM.

CtpykTypa nHcTUTyTA: /[Ba OTHENa (OTHEN HKCIIEPUMEHTAIbHON U KIMHIHYECKOH HeWpOHAyKH, OT-
nient pyHKIMOHAJIBHBIX PE3ePBOB M CIIOPTHBHOM MEIUIIMHBI), BKIO4atonue B ceds 10 madoparopuid,
KIMHUKA. B cocraBe KIMHMKU - 3 CTallMOHAPHBIX OTHACNCHHMS (TICUXOTEparieBTHIECKOe OTIENICHNE,
ornenenne Nel — racTpos’HTeposIOrHueckoe HarpaBieHue; otaeneHne Ne 2 — kapAHOIOruyeckoe u
MYJIBMOHOJIOTHYECKOe HaIpaBIeHHs ), KOHCYIBTATHBHO-INAarHOCTHYECKOe OTIeIeHUe, JHEBHOW CTa-
LIMOHA.

Kanposslii cocta: B mrare HUMOOM — 260 yenosek, B TOM yucie 88 HaydHBIX COTPYIHUKOB U
29 Bpaueii, 1 akanemuk PAH, 29 noxropos Hayk u 29 kaHauaaroB Hayk (1o ganHbM 2016 roza).

Acnupantypa: B acnupantype HUMDDOM oOyuaercs 12 acnupaHToB.

IMyomukanuu: HUMOOM — nuzep B 00J1aCTH S9KCIIEPUMEHTAIBHON U KIMHUYECKON HEHpOHayKu, Ha
PETYISIPHOIT OCHOBE MyOIHKYET Pe3y/IbTaThl HCCISIOBaHNI B BHICOKOPEHTHHTOBBIX MEKIYHAPOTHBIX
XKYpHaJIax ¢ BBICOKUMH 3HaUCHUSIMU UMIAKT-(HakTopoB (0T 2 110 43), MHAEKCUPYEMBIX B MHPOBBIX Oa-
3ax naHHbIX - Web of Science u Scopus. Corpyaaukun HUMDDOM npoBoasT Kccie0BaHus B paMKax
MEKIyHApOJAHOI0 HAyYHO-TEXHUUECKOTO COTpyIHUYeCTBa, [IporpaMMbl GyHIaMEHTaIbHBIX HAyYHBIX
HCCIIeTOBAaHNN TOCYTapCTBEHHBIX akaneMuii Hayk Ha 2013 - 2020 roas! v pa3nMIHBIX TPAHTOBBIX CH-
creM. B 2016 1. cOTpyIHHKH BBIONHAIOT HccnenoBanus o rpantam PHO (3), POOU (8), PTHD
(4), 2 nmporpammanm [Ipesunanyma PAH (2), npoBoasT 15 MOUCKOBBIX KITMHUYESCKHX MCCIICAOBAaHUN, 12
MEKIyHAPOIAHBIX MYJIbTULEHTPOBLIX (hapM-TpailsioB, pa3pabaTbIBalOT IEPCOHAIN3UPOBAHHbIC Hedap-
MAaKOJIOTUYECKHE METO/BI TEPANeBTHUECKOH CTHMYIISIIMU TOJOBHOTO MO3ra st JieueHus apdexTus-
HBIX U HEWPOJIEreHePaTHBHBIX PAcCTPOICTB.

Anpec: 6300117, Poccus, HoBocubupck, yi. Tumakosa, 4. HUMODM.
Ten./pakc: +7(383) 335-98-55/ +7(383) 335-97-54

URL: www.physiol.ru.ru

E-mail: iph@physiol.ru
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ANALYSIS OF ydT-CELL REPERTOIRE IN ALZHEIMER’S
DISEASE PATIENTS AND INDIVIDUALS WITH NO MEMORY
IMPAIRMENT

Aliseychik M.!, Zolotoreva O.!, Gusev F.!, Grigorenko A.!, Byragin A.2, Andreeva T.,
Rogaev E.!34*

!Department of Genomics and Human Genetics, Institute of General Genetics, Russian Academy of Sciences,
Moscow, Russia, *Immunoregulation section, National Institute on Aging, Baltimore, USA,? Center for Brain
Neurobiology and Neurogenetics, Institute of Cytology and Genetics, Siberian Branch of the Russian Academy
of Sciences, Novosibirsk, Russia, * Brudnick Neuropsychiatric Research Institute, University of Massachusetts
Medical School, Worcester, USA

e-mail: evgeny.rogaev@umassmed.edu, *Corresponding author

Key words: Alzheimer s disease, yoT-cells, CDR3 TRG repertoires, memory

The influence of different cytokines on nervous tissue metabolism and the cognitive
functions has recently been found. Surprisingly, the producers of such cytokines may be
not only glial cells but also T-cells coming from peripheral blood1. ydT-cells perform
extensive regulatory functions due to production of cytokines as well as cytotoxic
functions against cells presenting stress signals on their surface. The ydT-cells participate
in the pathogenesis of multiple sclerosis 2, West Nile virus infection?, and ischemic brain
injury4. Neuroinflammatory process is also one of the early hallmarks in a course of
Alzheimer’s disease (AD). We hypothesize that the individual specific immune response
to cell-stress antigens or even f-amyloid peptide, contributes to aging-related memory
decline and susceptibility to neurodegeneration factors in AD. Innovative massive
parallel genomic sequencing provides ultra-high resolution of TCR repertoire in AD.

We have developed and applied massive parallel sequencing assay to compare
the profiles of ydTCRs in blood and cortex tissue of cohorts of AD patients and age-
matched non-demented individuals. Target libraries for deep sequencing were prepared
using adopted BIOMED2 consortium5 supplemented primers (primers for endogenous
control and another J segment were added). Determining sequences CDR3 regions was
performed using igblast, mixtcr tools. We classified the multiple ydTCRs clonotype
varinats in both groups to identify the under- an over-presentation of V-segments and
certain clonotypes in AD group verus controls. The data imply the presumable selection
of some clonotypes in a course of AD pathogenesis. This pilot study can potentially
reveal unpredicted previously immunogenic hallmarks in memory protection or decline
in aging and to find principally novel biological markers and therapeutic targets for AD.

This work was supported by Russian Scientific Foundation grant Ne Ne 14-44-00077
(development of assay, immunogene repertoire blood cell DNA sequencing) and by
Worcester Foundation.

References:

1. A. Filianoet al. (2016) Unexpected role of interferon-y in regulating neuronal connectivity and social
behaviour, Nature, 535(7612): 425-9

2. K. Selmaj, et al. (1991) Colocalization of lymphocytes bearing gamma delta T-cell receptor and heat shock
protein hsp65+ oligodendrocytes in multiple sclerosis, Proceedings of the National Academy of Sciences of the
United States of America 88(15):6452-6.

3. T. Welte et al. (2008) Role of two distinct gammadelta T cell subsets during West Nile virus infection, FEMS
Immunol Med Microbiol, 53(2):275-83.

4. T. Shichita et al. (2009) Pivotal role of cerebral interleukin-17-producing gammadeltaT cells in the delayed
phase of ischemic brain injury, Nature Medicine, 15(8):946-50.

5. J. Dongen et al. (2003) Design and standardization of PCR primers and protocols for detection of clonal
immunoglobulin and T-cell receptor gene recombinations in suspect lymphoproliferations: report of the
BIOMED-2 Concerted Action BMH4-CT98-3936, Leukemia, 17 (12) 2257-317
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AGING AND LONGEVITY FROM GENOMIC PERSPECTIVES

Andreeva T.V.'2, Gusev F.E'?, Reshetov D.A.!, Shagam L.1.!, Kunizheva S.S.!,

Yigit S.%, Geyko A.V.!, Manakhov A.!, Kuznetsova I.!, Aliseychik M.,

Lisenkova A.!, Lukyanov E.!, Protasova M.!, Buzina A.N.!, Lukiw W.J.%, Byragin A.5,
Grigorenko A., Rogaev E.I.126*

From: 'Department of Genomics and Human Genetics, Institute of General Genetics, RAS, Moscow,
Russia, *Center for Brain Neurobiology and Neurogenetics, Institute of Cytology and Genetics SB RAS,
Novosibirsk, Russia, *Gaziosmanpasa University Medical School, Tokat , Turkiye,; LSU Neuroscience
Center, Louisiana State University Health Sciences Center, New Orleans, USA; Departments of Neurology
and Ophthalmology, Louisiana State University Health Sciences Center, New Orleans, USA; *Immunoreg-
ulation section, LMBI, National Institute on Aging, Baltimore, USA, Brudnick Neuropsychiatric Research
Institute, University of Massachusetts Medical School, Worcester, USA

* Corresponding author: evgeny.rogaev@umassmed.edu

Aging is a complex process of molecular and cellular decline that affects body function, and
is accompanied by the development of age-related diseases. Age-related cognitive impairment
is one of the most common features of human aging. Accumulating evidence links age-related
memory impairment to genetic and epigenetic alterations, but fundamental molecular mechanisms
of memory storage and memory decline during human aging are still unclear.

Human longevity is known to run strongly in families. Heritability estimates in twin studies
range from 23% to 33%. The genetic polymorphisms identified by genome wide association
studies (GWAS) can explain just a small part of heritable longevity. The GWAS methodology
fails to trace rare polymorphisms or de novo mutations. The whole-genome deep sequencing
(WGS) is a promising next step to search for genetic factors for the longevity trait that is not
restricted by the bias for common genetic variants. Another approach of our interest is to track
the epigenetic alterations (chromatin and DNA methylation) across genome in elderly subjects (in
particular in cortical brain cells) that may contribute to memory and other CNS functions.

In our project we focused on an evaluation of the genetic factors related to longevity and
memory in cohort of elderly people (>300 individuals of 85 years and older) including a set
of centenarians. We have obtained the blood and/or saliva samples as well as detailed medical
and self-lifestyle data for the human subjects from several regions of the Russian Federation.
Cognitive MMSE tests were performed for the enrolled centenarians.

In our pilot study WGS for three centenarians with no signs of dementia (memory loss in
elderly subjects), as well as for individual with exceptional (“infinite’’) memory (Russian origin),
were performed on the Illumina HiSeq2000 platform resulting in a mean coverage x30-40 for
every individual. The millions of single nucleotide variations (SNV) and structural variations
identified in each genome were annotated and filtered for their putative biological significance.
The sets of WGS data from human subject cohorts (including 1000 genomes project) and ADNI
project data (including the WGS data for >800 individuals tested for the signs of sever or mild
cognitive impairment ) and our own WGS data from the same ethnic groups (Russia) were used
as reference control sets in a search for SNV and indel variants contributing to longevity and
memory. Using the WGS data of the centenarians we assessed several different theories of ageing,
such as telomere length shortening, oxidative stress, insulin-like and ROS signaling pathways
involvement, epigenetic regulation.

Specific mutations in genes contributing to epigenetic modifications, proteasome machinery
and telomere maintenance were found more frequently in centenarian and elderly individuals than
in younger groups. Several genes related to genes for the insulin/IGF1R pathway elements were
found to bear mutations in the examined centenarian genomes. Our preliminary data highlights the
importance of epigenetic regulation in longevity and elements related to the signaling pathways
linked previously to lifespan regulation in animal models.

Acknowledgement: This work was supported by Russian Scientific Foundation grant Ne 14-
44-00077.

10 SYMPOSIUM «COGNITIVE SCIENCES, GENOMICS AND BIOINFORMATICS» (CSGB-2016)
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Motivation and aims: An important feature of many amyloid-forming proteins sup-
posed to be crucial for their aggregation, is presence of compositionally biased regions,
particularly glutamine (Q) and/or asparagine (N)-rich subsequences. Those regions are
considered to play role not only in the formation of amyloids, but also in the interac-
tion of different amyloids. So, overproduction of polyQ-peptide (103Q) in yeast induces
aggregation of several preferably Q-rich proteins [1]. Therefore, the aim of the given
research is to discover, if there exists a direct correlation between the composition of
amyloid protein and the composition of proteins, which co-aggregate with amyloid.

Methods: To perform a search for candidates for novel amyloids, we used proteomic
method, PSIA (Proteomic Screening and Identification of Amyloids) [1], recently devel-
oped by us, with some modifications including high-performance liquid chromatography
for separation of tryptic peptides [2].

Results: We used two variants of prion-forming domain (PrD) of yeast protein Sup35
— the wild-type variant, which was Q-rich, and the variant with all Qs substituted with
Ns, which was N-rich. As a result, the overproduction of wild-type Sup35 PrD induces
formation of detergent-resistant aggregates of 4 proteins, while the N-substituted variant
induces aggregation of 11 proteins, and only 2 proteins of this set are overlapped. The
most important is that only 2 of all 13 found proteins are Q/N-rich.

Conclusion: Though the presence of compositionally different amyloids in the cell
induces aggregation of dissimilar sets of proteins, there is no strong correlation between
the composition of the corresponding amyloid-forming protein and the composition of
proteins, whose aggregation is induced by him.

Acknowledgements: This work was supported by the grants of the President of the
Russian Federation (MK-4854.2015.4), Russian Foundation for Basic Research (14-04-
01463, 16-34-60153, and 16-34-00582), and St. Petersburg Government. The authors
acknowledge Saint-Petersburg University for a research grant 1.50.2543.2013 and the
opportunity to use facilities of the “Research Resource Center for Molecular and Cell
|Technologies” and “Chromas.”
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HUMAN AUTHENTICATION USING ELECTROCARDIOGRAM
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Motivation and Aim: Biometric methods of human identification are discussed. The
mathematical aspects of human identification based on electrocardiogram are considering.
Results of electrocardiogram recognition with wavelet analysis are presented.

Methods and Algorithms: wavelet analysis.

Results: 97% accuracy while biometric identification was achieved.

Conclusion: Biometric methods of identification are all wider application in our
lives. Such methods of identification like fingerprint recognition, iris, voice, or palms
recognition gradually enter a phase of maturity and are increasingly beginning to be
used in a variety of mobile, web and other applications, however, the evidence suggests
that the traditional methods of identification inherent vulnerability. Yield is seen in
the development of multi-modal identification systems using biometrics such as, for
example, an electrocardiogram, an electroencephalogram and DNA. The most preferred
option in our opinion, is the use of the ECG.

Availability: The technology may be used in various security applications.
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Motivation and Aim: Chronic social defeat stress is a well-validated murine model
of depression. However, little is known about the gene activity dynamics during the
development of a depression-like state.

Methods and Algorithms: We analyzed the effects of social defeat stress of varying
duration (10 and 30 days) on the behavioral patterns and prefrontal-cortex transcriptome
in C57BL/6 mice.

Results: Commonly used 10-day exposure to social defeat stress resulted in a high
level of social avoidance with no sign of depression-associated behavior. Contrariwise,
most animals exposed to 30-day stress demonstrated clear hallmarks of depression,
including higher level of social avoidance, increased immobility in the forced swim
test, and anhedonic behavior. The monitoring of transcriptome changes revealed massive
alterations in gene expression on the 10th day. Surprisingly, expression of a few genes
was only affected on the 30th day of stress, apparently, due to a reversal of the majority
of the early stress-induced changes to the original basal state. Moreover, we have found
that glucocorticoid-sensitive genes are clearly enriched targets on the 10th day of stress,
but these genes stop responding to the elevated corticosterone level after the 30th day of
stress. The majority of genes altered by 30-day stress were downregulated, with the most
relevant ones participating in chromatin-modifications and neuroplasticity (e,g, guanine
nucleotide exchange factors (GEFs) of Rho-family GTPases).

Conclusion: Taken together, our data suggest that depression may be caused by
weakening of the response to the stressful environmental factors in terms of both behavior
and gene expression. Our results also support the hypothesis that major depressive
disorder is associated with defective cell adhesion and impaired neuronal plasticity.

Acknowledgements: This work was supported by grant from the Government of the
Russian Federation # 14.B25.31.0033 and a grant from the Russian Science Foundation
#16-15-10131.
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Motivation and Aim: Extrapyramidal symptoms (including tardive dyskinesia)
were observed in 20-30% of patients receiving conventional antipsychotics [1].
Antipsychotics change dopaminergic neurotransmission, which in turn may cause
extrapyramidal disorders. An important influence of potassium channels on dopaminergic
neurotransmission is well documented [2]. Studies show that serum and glucocorticoid-
regulated kinase 1 (SGK1) modulate the activity of neuronal potassium channels [3].
The aim of our study was to investigate the association of polymorphisms of SGK1
(rs1743964, rs1057293, rs1009840) gene with drug-induced dyskinesia in Russian
schizophrenic patients.

Methods: Blood samples were taken from 443 Russian Caucasian patients (61,4%
male and 38,6% female) with a clinical diagnosis of schizophrenia (ICD-10: F20). The
average age of patients 38 & 14,5 years; duration of the disease at the time of the survey
23 + 8,9 years. The drug-induced dyskinesia was assessed using standard international
scale AIMS.

Results: When comparing the group of patients with and without dyskinesia we did not
find any associations between polymorphic variants of SGK1 gene and tardive dyskinesia.
Additional comparison was carried out in groups of men and women. In the group of men,
we identified the association of A allele (¥2 = 3,80, p = 0,049) and AA genotype (}2 =
6,17, p = 0,046) of rs1057293 in SGK1 gene with drug-induced dyskinesia. In the group
of women, we identified the association of AA and GG genotypes of rs1743964 in SGK 1
gene with dyskinesia (32 = 6,006, p = 0,049). To assess clinical heterogeneity of tardive
dyskinesia we subdivided group of patients with extrapyramidal disorders into groups of
patients with orofaciolingual symptoms and patients with limb-truncal symptoms. It was
found that orofaciolingual form was associated with AA and CC homozygous genotypes
of rs1009840 in SGK1 (%2 = 5,818, p = 0,049) (in the group of women).

Conclusion: Thus, SGK1 gene are involved in the development of tardive dyskinesia
induced by long-term therapy with neuroleptics and phenotypically different forms of
tardive dyskinesia - orofaciolingual and limb-truncal - characterized by different genetic
features. Acknowledgements: The study was supported by a Russian Science Foundation
Ne 14-35-00023.
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Viruses have a significant impact on numerous biogeochemical processes in aquatic
environments and effectively regulate the abundance and diversity of bacteria and
phytoplankton [1]. This study was aimed at elucidating diversity of viral communities
in Lake Baikal. The basic approache in our research was metagenomic analysis that is
the study of total viral genetic material (virome) using the next-generation sequencing
and bioinformatic analysis. Metagenomic studies of freshwater environments are not
numerous. Therefore, available descriptions of genetic diversity of marine viruses far
exceed those from freshwaters. Viral communities of the largest and oldest freshwater
lakes remain poorly studied.

Water samples were collected from the main pelagic sites in the southern and central
basins of Lake Baikal. Sample processing (filtration, concentration of viral particles,
isolation of DNA) was performed as described before [2]. Genetic material of DNA-
viruses was sequenced on the platform of Illumina MiSeq. Bioinformatic analysis of
the resulting data set was carried out using special programs and applications (FLASH,
FastQC, BLASTn, BLASTx etc.).

A total of 1.3 and 4.7 % sequences from Southern and Central Baikal, respectively,
were identified as viral. Defined sequences belonged to 23 viral families. Six families
of viruses (Myoviridae, Siphoviridae, Poxviridae, Mimiviridae, Podoviridae,
Phycodnaviridae) dominated in both water samples, amounting to more than 90% of
identified sequences. In general, the viral community composition in two basins of Lake
Baikal were similar; however, the percentage ratio of the families differed. Viruses from
revealed families and genera affect a wide range of organisms, including bacteria and
cyanobacteria, archaea, algae, amoebae, flagellates, fishes, amphibians, insects, and
mammals.

In conclusion, our study revealed a high diversity of viral communities (virome) in the
pelagic zone of Lake Baikal and demonstrated appropriateness of the chosen approach
for future investigations of viruses in the lake ecosystem.

This research was performed as a part of the state program No. 0345-2014-0002 with
financial support of Russian Foundation for Basic Research, project No. 14-44-04158.

References:
1. Suttle C.A. (2007) Marine viruses — major players in the global ecosystem, Nat. Rev. Microbiol.
5:801-812.

2. Butina T.V., Bukin Yu.S., Kabilov M.R. et al. (2015) Taxonomic diversity of virioplankton of the
littoral zone of Lake Baikal, Topical scientific problems of Pribaikalye, 1: 51-55.

SYMPOSIUM «COGNITIVE SCIENCES, GENOMICS AND BIOINFORMATICS» (CSGB-2016) 15



COMPUTER ANALYSIS OF GENOME CO-LOCALIZATION OF
TRANSCRIPTION FACTOR BINDING SITES BASED ON CHIP-
SEQ DATA

Dergilev A.I.'2%, Svichkarev A.V.%, Orlov Y.L.!"**
!Institute of Cytology and Genetics SB RAS, Novosibirsk, Russia
’Novosibirsk State Medical University

e-mail: orlov@bionet.nsc.ru

* Corresponding author

Key words: transcription factors, ChIP-seq, gene expression

Motivation and Aim: Analysis of gene regulation in brain by transcription factors
needs bioinformatics support. A scientific problem being solved is to study transcription
factor binding sites (TFBS) co-localization in genomes using ChIP-seq data. Technology
ChIP-seq, which combines chromatin immunoprecipitation (ChIP) and highly efficient
DNA sequencing, allows to determine transcription factor binding sites in genome scale.

Methods and Algorithms: The tasks of analyzing genome-wide ChIP-seq data rises are
to identify the coordinates of TFBS and to compare their location with genomic annotation
(relative location and distance to gene transcription start sites, promoter regions etc.).
In addition to determining the location of binding sites for a transcription factor, there
are problems of determining the cluster sites of different transcription factors, clusters
together or located at a short (100-200 nt) distances on chromosomes assuming similar
function and regulatory mechanisms. Programs processing huge amounts of text data
(bed, wig files) identifying areas of intersection of genomic annotations (coordinates),
adapted to the respective model genomes are technically necessary.

Results: We developed set of programming script for TFBS location analysis. The
study of clusters of sites ChIP-seq data on the status of binding sites of 15 different
transcription factors in the mouse genome were used [1]. The computer program in C
++ language is developed to calculate the relative position of the coordinate TFBS and
their clusters. Methods of establishing complex signals and patterns of the algorithm
“Discovery” (program GeneDiscovery), previously developed in the framework of the
theory of data analysis (Data Mining, Knowledge Discovery) in the context of signals
DNA segments were used for the analysis of clusters of binding sites. We confirmed
separation of TFBS clusters in mouse genome (embryonic stem cells) onto classes
presented by Oct4, Nanog, Sox2 from one side, and c-Myc from another side. This
analysis was extended to exact location of nucleotide motifs in ChIP-seq peaks relative
to each other and iterative correction of such motifs.

Acknowledgements: The research has been supported by RFBR 14-04-01906 and
ICG SB RAS budget project.
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Motivation and Aim: Multiagent models are used to study various complex systems
such as groups of cells, populations of animals or social networks. Identification of
behavioral patterns is a necessary prerequisite for understanding the multiagent dynamics
and finding the successful strategies.

Methods and Algorithms: We consider a model, in which the agents travel inside a
circle colliding with each other [1]. An agent replenishes its energy reserve by sequential
visiting a center and a border of the area and spends it on actions and collisions. If the
agent’s energy is exhausted, it retrains by copying the successful agents with errors.
A cognitive system of an agent is represented by a response matrix and determines its
individual strategy.

Results: We identified four stable behavioral patterns, characterized them by their
response matrices, by physical parameters and by the number of the receptors used and
modeled them by automata. We show that the IA behavior pattern is more precisely
identified by the physical properties of populations rather than by the temporal sequences
of actions. We found that more successful strategies use more physical receptors
and determine more complex behavior. Reducing the agent representation in their
configurational space we construct the adaptive landscape where the transitions between
the strategies could be traced through the population trajectories.

Conclusion: We created a toy model for solving the problem of IA behavior
classification, of finding its optimal strategy and simulation of TA evolution. We developed
a combined view on IA dynamics in terms of population genetics and chemical kinetics.

References:
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Motivation and Aim: Incidence rates of metabolic syndrome (MetS) are significantly
higher in patients with schizophrenia compared to the general population [1]. Genetic
variation within the endothelial nitric oxide synthase gene (NOS3) may result in
impaired endogenous nitric oxide formation and has been associated with cardiovascular
diseases [2]. There is growing evidence that polymorphisms in NOS3 influence the
development of MetS, however, there is also a controversy regarding the association of
polymorphisms in the gene encoding NOS3 and MetS in patients with schizophrenia [3].
In this study, we aimed to evaluate the effects of NOS3 polymorphisms on MetS risk in
Russian patients with schizophrenia.

Methods and Algorithms: 70 Caucasian patients with schizophrenia and MetS and
127 schizophrenic patients with normal BMI were enrolled in the study and genotyped
for T-786C (rs2070744), G894T (rs1799983) and C774T (rs1549758) in NOS3. MetS
was diagnosed using International Diabetes Federation (IDF) criteria.

Results: The allelic and genotypic frequencies of rs2070744 (promoter region)
polymorphism in schizophrenic patients with MetS were significantly different from
those in schizophrenic patients with normal BMI. These patients had significantly higher
frequencies of rs2070744 T allele (x2=6.80; p=0.009, OR=0.59; 95%CI: 0.40-0.88),
rs2070744 C allele (¥2=6.80; p=0.009, OR=1.69; 95%CI: 1.14-2.51) and rs2070744
TT genotype (p=0.006, OR=0.45; 95%CI: 0.25-0.82). Strong linkage disequilibrium
between rs1799983 and rs1549758 was observed (D> 0.9). No association was observed
between NOS3 haplotypes and MetS risk in patients with schizophrenia.

Conclusion: Our results point to a role for NOS3 polymorphisms in MetS in Russian
patients with schizophrenia. These findings indicate that rs2070744 polymorphism may
serve as a prognostic biomarker for MetS among Russian schizophrenic subjects.
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Motivation and Aim: The complete loss of function of presenilins (PSEN1 and
PSEN2) leads to a lethal phenotype and severe development pathology [1]. The double
conditional knockout of PSENI and PSEN2 genes in forebrain cause the impairment of
hippocampus memory [2], and PSENI only conditional knockout was associated with
defects in neurogenesis in dental gyrus and enhanced fear memory [3]. The missense
mutations in PSEN genes are causative factors for severe autosomal dominant forms of
Alzheimer’s disease (AD) [4-6]. Inhibition of y-cleavage activity of PSENs producing
AP, but not e-like cleavage releasing physiologically essential transcription activators,
would be an efficient approach in the development of rational therapy for AD. We
designed the in vitro mammalian cellular models and in vivo C. elegans models to truck
the effect of mutations in presenilins on proteolysis and development.

Methods and Algorithms: We created a series of constructs bearing mutations in the
selected amino acids, focusing on ultra-conserved signatures and AD associated sites
of PSENI. Different mutations in the same aminoacid positions were incorporated to
generate alterations in biochemical properties of the sites and were further tested in
various intramembrane proteolysis assays. For the selected mutations we performed
rescue experiments in transgenic C.elegans model and designed the endoplasmic
reticulum (ER) Ca2+ leak assay [7] in mouse embryonic fibroblasts deficient for PSENI
and PSEN2 genes.

Results: We confirmed that any mutations at functionally essential aspartates of
PSENI completely abolish the proteolytic activities of PSENI. Mutations in other ultra-
conserved sites reduce, but do not completely suppress, certain proteolytic activities.
Substitutions to structurally distant amino-acids most dramatically change efficiency
of proteolytic cleavage. We have demonstrated that PSENI protein with a particular
substitution of glycine near the conserved aspartic site retains functionally important
APP ¢- and Notch S3- protein cleavages, but inhibits APP y-cleavage and A} production.
We studied the selected PSEN1 mutations for the ability of the mutant proteins to restore
the normal cellular ER Ca2+ leak in PSEN1/PSEN2 double knockout MEF. In a series
of experiments we observed that all tested mutations in the conserved glycine position
were unable to reconstitute the normal ER Ca2+ leak. However, the substitution of
glycine to the structurally similar aminoacid efficiently rescued the loss-of-function
(Egl) phenotype of presenilin knockout in C. elegans.
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Conclusion: Our data show that mutations near the active catalytic sites of PSEN/
may have different consequences on the various protein functions and non-proteolytic
functions of presenilins. We demonstrated the importance of the in vitro and vivo assay
monitoring for identifying factors disassociating AD-related and physiological activities
of presenilins.

Acknowledgements: This work was supported by Russian Scientific Foundation
grant No 14-44-00077 (the work for presenilin gene constructs and AP and C.elegans
experimental data analyses). In part, some participants were supported by NIH/NINDS
NS045854, NIH/NIA AG029360 (cultured cell biology experiments).
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Motivation and Aim: The nuclear pore complex (NPC) is essential not only to
regulating nuclear-cytoplasm transport but also to controlling genome organization and
expression. Therefore, the NPC is linked with many diseases including cancers [1,2].
Nucleoporins have been directly implicated in cancers via three routes: chromosomal
translocations generating fusion proteins; changes in protein expression levels; and single
point mutations. The aim of present study was comparison of NPC genes expression in
the cells of normal brain cultures and secondary glioblastoma (GBM).

Methods and Algorithms: Primary cell cultures from surgical samples of GBM and
normal brain have been isolated and propagated in F12/DMEM medium supplemented
by fetal bovine serum under standard conditions. The cell culture samples were processed
for RNA extraction. This was followed by RNA-sequencing and filtration of reads.
Cufflinks were used for assessment of gene expression level and finding differently
expressed genes.

Results: We revealed set of differently expressed NPCs gene in normal brain and
GBM cell cultures. Most of them are expressed higher in the GBM cells. The antisense
RNA transcript of nucleoporin Nup50 (Nup50-AS1) is the only one among NPC-related
genes that is expressed in tumor less than in normal brain. At the same time expression
of Nup50 gene is not distinguished in tumor and normal brain cell cultures. It has been
suggested that there is a higher level of Nup50 protein in tumor cells and it is regulated
by antisense RNA transcript.

Conclusion: The RNA-seq analysis of the cells cultures of normal brain and GBM
confirmed association of some NPCs genes with tumor progression. The protein Nup50
is a member of the FG-repeat containing nucleoporins and functions as a soluble
cofactor in importin-alpha:beta-mediated nuclear protein import. It has been recently
reported that Nup50 is required for cell differentiation and exhibits nuclear dynamics
which is dependent on active transcription by RNA polymerase II. The expression of
gene Nup50-As1 increases in the human neocortex during development period spanning
infancy to adulthood [2]. Our finding demonstrates the complicated role of nuclear pore
complex proteins in tumor progression.

Acknowledgements: The work was supported by RFBR grant 14-04-01906.
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Motivation and aim: The near-complete human reference genome and corresponding
gene annotation maps are widely used for medical genetic and population studies. The
majority of disease-associated variants identified by genome-wide association studies
(GWASes) are located outside of gene exons [1], suggesting a greater role for regulatory
elements and non-coding RNA (ncRNA) genes. We suggested that, potentially, unannotated
yet genes, especially ncRNA genes can be identified by scanning of open chromatin signals
marked by modified histones located at active gene promoters. Here, we apply epigenetic
mapping to predict yet unknown genes that are active in human cortial neurons.

Methods and algorithms: To robustly identify genes active in human cortical neurons,
we combined two independent sources of experimental data: transcriptome profiling
(RNA-seq, which provide deep analysis of gene transcripts) and chromatin modification
profiling (H3K4me3 ChIP-seq, which marks gene promoters poised for activation) for
multiple individuals. In addition, human genome sequences were determined for some
individuals.

Results: We identified over a thousand potential genes that have not been yet annotated
to human reference genomes in widely used databases Ensembl [2], UCSC [3]. While
most of these genes are non-coding RNAs, some were predicted to have a notable protein
coding potential and we validated status for one of them based on evolutionary history
and expression pattern.

Conclusion: A comprehensive genomic map of human genes has yet to be completed.
Novel human ncRNA genes and even putative protein-coding genes are predicted in
this study. Furthermore, genetic variants in unannotated previously genes missed in
common bioinformatic analysis may, in part, represent the “missed heritability” that
could contribute to phenotype/disease status.

Acknowledgments: This work was partly supported by Russian Scientific Foundation
grant Ne 14-44-00077 (bioinformatics work; genome and gene sequencing analysis).
Some participants were supported by NIH/NIMH MH106056.
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The central question of aging just now is why after complicate morphogenesis of
multicellular organism it cannot solve a much simpler task — just to keep what has been
already formed. Despite the fact that the pursuit of cellular-molecular and genetic causes
of aging receives substantial attention and financial support today, the efforts were
insufficient yet to distinctly clarify the picture. Because, when interconnected, cross-
talking, and cooperating components of such large system as an whole organism function
like a single unit, they have rather new characteristics that are not detected in the study
of these parts separately (phenomenon of emergence). For this reason, our understanding
of the primary cause and control of aging is still limited. A brief overview of our current
knowledge of this problem can help us better understand some general peculiarities of
macro-systems in different environment and might lead us to the development of useful
approaches to the origin of aging and its control [1-6]. Indeed, an aging is perceived
as an enigma not because its main initiator has not yet been discovered, but because it
exists despite the fact that all the components of a complex organism are theoretically
capable of complete self-renewal. If we take into account the fact that withstandability
of really sustainable systems and modes is possible only in certain limited range of
ambient condition, then the control theory and systems approach are sufficient both to
discover the root cause of aging and to understand the underlying mechanisms of its
implementation. Outside adequate functioning modes determined by the environment
even ageless hydras and immortalized cells start aging.
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The immune cells play important role in maintenance and thereby proper function of
the central neural system (CNS). Although a risk for a progressive neurodegenerative
disorder, dementia and Alzheimer's disease (AD) increases together with the chronic
inflammation and dysregulation of immune cells in the elderly, the role of immune cells
remains poorly understood. Our recent data suggest that B cells can alleviate AD symp-
toms via generation of AB-neutralizing antibody 1. However, upon aging B-cell func-
tion appears to change, as their ability to generate humoral response is impaired while
induction of CD4+ T cells expressing I1L-17, a cytokine potentially harmful for integrity
of blood-brain barrier, is increased 2. Our recent data also indicate that innate B cells
lose their suppressive function and instead acquire potentially pathogenic activity, such
as they induce the generation of autoimmune CD8+ T cells, upon aging of humans,
macaques and mice 3,4. Thus, B cells and T cells may have both protective and patho-
genic roles in the CNS and thereby modulate pathogenesis of Alzheimer's disease (AD).
Although AD is caused by the accumulation of AP plaques and neurofibrillary tangles of
aggregated hyperphosphorylated tau, the disease can be exacerbated due to dysregula-
tion of B cells and T cells upon aging. To test this idea, we crossed triple transgenic AD
mice (3xTg-AD), which develop AD at older age, with congenic B-cell deficient mice.
While memory responses become impaired in 3xTg-AD mice by 14-15 month of age,
we detected no memory dysfunctions in age-matched B-cell deficient 3xTg-AD mice.
We found that the B-cell loss in 3xTg-AD mice results in a marked reduction of AB
plaques and loss of activated microglia in hippocampus. Overall, our results for the first
time suggest that B cells can play pathogenic role in AD, revealing a new insight in the
role of adaptive immune cells in memory loss and dementia.

Acknowledgement: This work was supported by Russian Scientific Foundation grant
Ne 14-44-00077 and in part by NIH/NINDS NS045854, NIH/NIA AG029360, and the
Intramural Research Program of NIA/NIH, USA.
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Motivation and Aim: It would not be an overstatement to say that fMRI is now the
leading method for the investigation of human brain function. In fMRI research, the
most popular theme now is the study of resting-state networks (RSN). Avalanche-like
increase of the number of publications on RSN is evident in the last ten years. However,
a number of disputable and unresolved questions still exist in this field.

Methods and Algorithms: RSN structure and function has been predominantly
investigated using fMRI. However, the fMRI BOLD signal only indirectly relates to
neuronal events [2]. Therefore, a reproduction of fMRI findings in electrophysiological
domain is vitally important. This way is hindered by a number of methodological
difficulties arising from the nature of EEG/MEG data [7]. Recent studies have developed
approaches to EEG/MEG data analysis, which partly overcome these difficulties [1, 3,
4, 5]. Seed-based oscillatory power envelope correlation analysis in conjunction with
beamformer spatial filtering allows to reconstruct RSNs spatial features as they have
been described in fMRI research.

Results: Two examples of application of this approach to real data will be presented.
Firstly, we show that depressive symptoms are associated with a predominance of the
default mode network (DMN) over the task-positive network. Secondly, increasing
integration within DMN and segregation between this and other networks during
development is shown in a longitudinal study of 8 to 10 year old children.

Conclusion: In spite of low spatial resolution and a number of other methodological
problems inherent to EEG method, contemporary approaches to data analysis allow
to use it for the study of resting-state networks, thus providing an alternative to fMRI
source of information about their functional correlates.

Availability: The pipeline of EEG data analysis that was used in these studies has
been described in published papers [6].
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Motivation and Aim: The Diagnostic and Statistical Manual of Mental Disorders
(DSM) uses multiaxial or multidimensional approach to psychiatric diagnostics.
However, personality disorders historically are viewed in a categorical classification.
The most widely used phychodiagnostic test, MMPI (Minnesota Multiphasic Personality
Inventory), is based on clinical scales in accordance to a “single-dimension” model.
In the recent, fifth edition of the DSM, an alternative hybrid categorical-dimensional
model for personality disorders is included to stimulate further research. On practice,
personality traits assessment plays a significant role in psychiatry diagnostics, but
present methods lack exactness. For example, in forensic psychiatry patient’s fate may
depend on the result of such method. This work proposes a new approach to process data,
received from psychometric examination. I.e., the aim is to improve existing methods of
psychometrics and to elaborate new ones.

Methods and Algorithms: In this work human personality is presented as a figure in a
multidimensional space, one dimension representing one personality trait. Each subtest
of psychodiagnostic examination estimates the expression of some trait. [n MMPI test
human personality is figured as a broken line in 2-dimensional space, and accentuation
is diagnosed if the line goes beyond some level of “normality”. For certain reasons this
approach lacks accuracy. In multidimensional space the level of “normality” becomes
a multidimensional sphere, and certain personality disorders are pictured as areas in the
space beyond this sphere. The multidimensional figure that depicts patient’s personality
may situate within one or more of those areas, which represents accentuation of some
traits. Meanwhile the surface area of that figure is the combined index representing total
“harmonicity” of patient’s psyche. This representation solves some theoretical difficulties
concerning advantages and disadvantages of use of clinical-based scales in the MMPI-2
vs use of “atheoretical” scales in the old MMPL

Results: The work proposes a new approach to assess personality traits which resolves
some theoretical problems and may make the diagnostics of personality disorders more
precise. The reliability of this method is being implemented and tested on virtual models.
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Motivation and Aim: We are creating portable semantic web crawling and indexing
engine, available for personal computational devices, including laptops, tablets and
smartphones. It makes possible for end users to perform business intelligence (for
businesses) and consumer intelligence (for customers) research in respect to specific
web segments of their interest.

Methods and Algorithms: We state the problem as follows: given set of patterns
identifying goal (target) web pages and set of starting web pages eventually leading to
the specified goals, let evolve universal navigation graph (directed and acyclic) labeled
with textual contexts identifying web links, expecting these graphs to be traversed
consuming the least computational resources. To address the problem, we propose and
implement adaptive web link navigation component which schemata comprised with
two complementary algorithms — rigid (for familiar situations) and adaptive (for novel
situations) [1-6].

Results: For practical example of application of the schema described above, we
considered the task of getting leadership information from official web sites of 10 most
innovative companies in robotics. Application of our technique has shown significant
(times to tens of times) reduction of time and CPU power needed to perform targeted
crawling of the sites given specific targets identified by respective patterns.

Conclusion: Described approach and implementation appear useful for minimizing
response times and spending of computational resources in cases when only particular
fragments of entire web space are being monitored for business intelligence purposes,
targeting specific topics of interest identified by their textual contexts.

Availability: The described solution available as web service at https://aigents.com/
or Android application “Aigents” for smartphones and tablets. Standalone applications
for Windows, Linux and Mac OS/X servers and desktops are available as well.
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Motivation and Aim: Tight connectivity of humans in world-wide social networks is
getting close to the one of human brain. Importance of the latter transition for evolution
and humanity could not be underestimated because of amount of nodes and links in
modern computer networks is exponentially growing with addition of artificial agents
being involved in “hybrid” human-computer networks. It becomes critically important
to understand phenomena of social interactions, so that effects of social behavior based
on collective consciousness could be well understood, predictable and manageable —
from perspective of humans exposed to modern information networks.

Methods and Algorithms: We consider approach for building computational model
encompassing knowledge acquired by entire society by means of evidence supplied by
each of it members, called “social evidence-based knowledge representation”. In this
work we focus on the nearest social surrounding of a person interacting with social
networks — in attempt to build personal model of the collective consciousness and let
person identify their state within this model, by means of extraction of social network
data for given user and applying clustering and graph analysis techniques to it.

Results: For studied users, we have discovered patterns not obvious for conventional
interactions with social networks, which has turned useful for a person to re-evaluate
their state in social environment and possibly correct their mental state.

Conclusion: Described approach is considered practical for people who desire to
increase their level of self-awareness while interacting with social networks and can
help them to improve their social performance and comfort.

Availability: The described functionality is being made available as web service at
https://aigents.com/. Future support for Android application “Aigents” for smartphones
and tablets and standalone applications for Windows, Linux and Mac OS/X servers and
desktops is expected in the future.
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Rationale and Purpose: Today there are actual medical, social and economic problems
associated with alcoholism and related nervous system disorders. Lithium preparations
are widely used for stabilize mood in case of bipolar affective disorder. Currently
neuroprotective and neuroregenerative effects of lithium show the effectiveness as
for acute brain injury, also in chronic neurodegenerative diseases such as dementia,
alcoholism, Alzheimer disease, etc. [1, 2]. In clinical practice use of lithium preparations
is limited due to difficult adjustment of drug dosage, necessity of monitoring its
concentration in blood, side effects development as a result of accumulation of lithium
in a body. For improvement of pharmacologic properties lithium is combined with
other agents (for example modifying sorbent) thus it can produce longer-term and more
harmless (less side reactions) effect in the long view [3, 4]. Lithium immobilization on
sorption basis will allow to use sorbent as detoxicant and carrying agent of drugs to body.
The purpose of the work is studying the effect of the lithium — containing composition on
terms of behavioral reactions under subchronic alcohol intoxication model.

Methods and Algorithms: During the work we used nonlinear mice- males weighing 25-
30 g (180 animals). Alcohol intoxication was caused through intragastric administration
of a 40% aqueous ethanol solution (3 g per 1 kg of body weight) in combination with
5% - ethanol solution as drink ad libitum for 5 weeks. Control animals were inserted
0,9% salin solution. After two weeks of alcoholization groups were formed on the
basic of preparations introduction: lithium carbonate, lithium citrate, sorbent - carrier
and sorbent modified lithium citrate. Emotional state of animals was assessed through
behavioral despair test (Porsolt Forced Swim Test), short — term memory assessment
was performed through conditioned passive avoidance reflex (CRPA). The parameters of
conditioned reflex activity were determined on 7th, 14th and 21 days after the start of the
test substances. The results were processed using STATISTICA 8.0 statistical program.

Results: Subchronic alcoholism of mice, caused through daily intragastric
administration of a subtoxic dose of ethanol for 5 weeks leads to behavioral and
neurological disorders, which are occurred in the form of a depression of psychomotor
activity, violations of the processes of learning and memory. In the course of the treatment
by lithium-containing composition in the behavioral despair test on 21 day time before
the first immobility increase by 41.5%. In passive avoidance conditioning on 7thday
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after the start of the test composition memorization skill consolidation improve of 44%
in compare with the negative control, on 21 day memorizing decline by 29.7 %.
Conclusion: The proposed dosage form of lithium (immobilized on a sorbent carrier)
has a complex neurotropic action showing antitoxic properties against a background of
long-term administration of ethanol.
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Motivation and Aim: Ability of people to communicate with each other is a necessary
component of social behavior and normal development of individuals living in community.
Apparent decline in sociability can be the result of negative social environment,
development of affective and neurological disorders including depression and autism.
In this work we studied expression of genes that are involved into autistic spectrum
disorders in the hippocampus of male mice with long chronic social defeat stress (CSDS)
which accompanied by disturbances in social behaviors. Methods: Chronic social defeat
stress was generated in male mice by exposure to CSDS in daily agonistic interactions
[1]. The hippocampus was dissected according to the map presented in the Allen Mouse
Brain Atlas. The collected samples were sequenced at JSC Genoanalytica (http:/
genoanalytica.ru/, Moscow, Russia). The Cufflinks program was used to estimate the
gene expression levels in FPKM. Genes were considered to be differentially expressed
at the level of statistical significance p < 0.05 and q < 0.05.

Results: Male mice with experience of social defeats displayed avoidance of social
contacts with conspecific, immobility and low communication. Exploratory activity
(rearing) and approaching behavior time towards partner were decreased and number
of episodes of repetitive self-grooming behavior was increased in the defeated mice
in comparison with the control. These symptoms were similar to those that are used in
animal models of autistic spectrum disorders. Analyzing of RNA-seq database of whole
transcriptome of the hippocampus we found in the defeated mice increased expression
of genes which are associated with autistic spectrum disorders in humans: Shank2, Reln,
Nign2, Pcdhl0, Arx, Vegfa, Ep300. Conclusion: Chronic social defeat stress induces the
development of depression-like state in male mice under CSDS which is accompanied
by disturbances in social behaviors and changes in the expression of genes that are
involved in autistic spectrum disorders.

Acknowledgements: This work is supported by Russian Foundation for Basic
Research, no. 16-04-00905.

Reference:
1. Kudryavtseva NN, Smagin DA, Kovalenko IL, Vishnivetskaya GB 2014 Repeated positive
fighting experience in male inbred mice, Nat. Prot. 9:11: 2705 —2717.

SYMPOSIUM «COGNITIVE SCIENCES, GENOMICS AND BIOINFORMATICS» (CSGB-2016) 31



APPLICATION NEUROELECTROSTIMULATION OF A
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Motivation and Aim: Neuroscience of learning is rather young direction which is
crossed with neurology, psychology, pedagogy, neurophysiology, etc. Interest in a problem
of cognitive disturbances was increased at the end of the 20th century. On the one hand,
relevance of a problem is caused by opening of pathogenetic mechanisms of disturbance of
cognitive functions and advancement of new approaches on restoration of brain neurones,
on the other hand — augmentation of a share of older people in the population and sharp
increasing of the survival of patients with a myocardial infarction and a stroke [1]. The
concept of neuroplasticity becomes key concept of the neurosciences field. According to
the rule of Hebba [2], the change in synaptic activity based on learning and memory. Thus,
development of cognitive skills is associated to emergence of new patterns of neuroways
where neuroplasticity plays an important role [3].

Cognitive characteristics and, first of all, indicators of attention and memory, are
one of the main parameters, impact on which can increase result of training [4]. The
method of a neuroelectrostimulation [5] can become one of perspective methods for
improvement and recovery of cognitive characteristics in a problem of learning ability.
The neuroelectrostimulation allows to reorganize neuronal networks by means of
modulation of their communications and is capable to modulate the highest cortical
functions to facilitate training, a recognition of visual images, to improve memory,
analog thinking and decision-making, and also can be used for neuro and cognitive
rehabilitation [6].

The purpose of this work is to investigate influence of one of the methods of a
neuroelectrostimulation of a peripheral nervous system on attention parameters as one
of the main characteristics of training process.

Methods and Algorithms: The study involved 15 subjects between the ages of 18-25
years who gave their informed consent to voluntary participate in the study.

The «SYMPATHOCOR-01» device was selected as neuroelectrostimulation of a
peripheral nervous system. The device provides multichannel percutaneous non-invasive
impact on the pathways of nerve formations and neck ganglia with the help of spatially
distributed field of current pulses. The «SYMPATHOCOR-01» device is permitted for
use in medical institutions of the Russian Federation and is included in the register of
medical equipment (registration certificate Ne FSR 2007/00757 at 27.09.2007).

Methodology «Bourdon test» was used for the study of attention parameters [8]. At
Bourdon test performance subjects was presented a table filled with symbols formed
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randomly. Looking through the table row by row, the subject must locate and highlight
certain characters. Bourdon test is designed to assess the stability of the volume and
switching of attention. The quality of the test was assessed by the speed of browsing,
the number of errors, the number of passes, the number of odd symbols, the number of
scanned characters and productivity index.

To assess the mental fatigue was used adapted subjective questionnaire of acute
mental fatigue by A.B. Leonova [9]. The questionnaire contains 18 statements describing
different degrees of mental fatigue. Index of mental fatigue (IMF). was calculated based
on these data. Mental fatigue is the most important factor that limits human performance
in the workplace, especially learning activities [4].

The characteristics of heart rate variability (HRV) were analyzed as a physiological
indicator of changes of the subject functional state during the study. Encephalan - EEGR-
19/26 was used to register the HRV signal. It is known that the spectral components of HRV
reflect the physiological changes in the body and allow to find patterns in the regulation
of physiological and mental (psycho-emotional) condition of the person: HF component
reflects the activity of the parasympathetic part of the autonomic nervous system, in
particular vagus activity and the power of respiratory waves; LF index characterizes
the state of the sympathetic division of the autonomic nervous system, in particular,
the system of regulation of vascular tone; VLF spectral component is closely related to
psycho-emotional stress and the functional state of the cerebral cortex [10]. Analysis of
the spectral components of HRV data was performed using the program implemented
in MATLAB. ANOVA implemented in the package application “STATISTICA 10.0 was
carried out to process the data obtained in the course of study for groups “before” and
“after” correction.

Results: The results are shown in Table I-11.

Table I. Average values of the Bourdon test parameters and IMF in the groups “before” and “after”
correction

Number of Number

Group IMF scanned Number of - Number of odd Speeq of Productivity
errors of passes browsing
characters symbols
before 13 1561 26 24 9 167 1,3
after 5 1971 24 19 5 197 1,53
standard 108 6 6 5 7 0,05
deviation

Table II. Average relative values of the HRV spectral components in the groups «before» and «after»
correction

Group HF LF VLF
before 0,16 0,29 0,48
after 0,15 0,35 0,42
standard deviation 0,02 0,02 0,03

Analysis of the results presented in Table I-1I showed the following:

Significant between-group changes were obtained in terms of the speed of browsing,
productivity rate and the number of scanned characters. An average of speed browsing
and productivity increased up 18%, and the number of characters scanned up 26%.

IMF increased at Bourdon test performance but after the correction procedure using
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«SIMPATHOCOR-01» IMF dropped and returned to the original background values.

Significant between-group differences were obtained on LF and VLF components. No
significant differences were observed in the HF component. VLF component increased
and LF reduced at the Bourdon test performance. After the correction procedure VLF
and LF components returned to the original background values.

Discussion: Thus, during the course of this study it was showed that the method
neuroelectrostimulation of a peripheral nervous system allows to enhance and activate
the attention parameters, namely speed of browsing and productivity, and reduce index
of mental fatigue. At the same time indicators of subject efficiency changes are changes
of some characteristics of an autonomic nervous system, in particular LF and VLF
spectral components. VLF spectral component increases at performing the Bourdon test
that indicating the psycho-emotional stress, and LF reduces that indicating the decrease
in vascular tone, but after the correction the indices of spectral components normalize.

Conclusion: The received data showed that the application «SYMPATHOCOR-01»
device for neuroelectrostimulation of a peripheral nervous system allows to improve
attention parameters, namely speed of browsing and productivity. It demonstrates
activation of the mechanisms underlying human cognitive activity. Thus, realization of
the neuroplasticity principle allows to control development of a nervous system and to
intensify process of training and restoration of a cognitive reserve.

Availability: Knowledge of the pathophysiological mechanisms underlying
neuroplasticity, will optimize therapeutic approaches to development of science-based
correction techniques to restore and improve cognitive abilities [11]. The results of
research can be applied in the design programs to improve the learning efficiency and the
development of techniques for the cognitive abilities correction. Also a follow-up work
will involve clinical trials in patients with various diseases associated with impaired
attention parameters.
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Motivation and Aim: The market of diagnostic neuroimaging is associated with the
MRI scanners, which sub-segmenting into 7T MRI and 3T MRI (ultra high field), 1.5T
MRI (high field), Low Field MRI, and others.

Methods and Algorithms: Review of activity in the developing, research and clinical
using of new technologies in neuroimaging for ultra high field MRI.

Results and conclusions: 3.0 T MRI can achieve linear (spatial) resolution up to 500-
1000 mkm and the ability to produce images with a cubic voxel (~1 mm2), suitable
for postprocessing multiplanar reformatting and morphometry. 3.0 Tesla 3D-FLAIR
sequence with 1 mm2 isovoxels is the most sensitive for the detection of dysplasia in
small CNS structures. Sequence MPRAGE, which gives a high contrast between gray
and white matter of the brain used for voxel-based morphometry (VBM). There are
same morphometric analysis programmes (MAP), which generate a parameter map,
highlighting the difference in cortical thickness, cortical heterotopia towards white
matter and basal ganglia volume - as compared to healthy individuals base.

Cerebral microbleeds (CMBs) are detected by MRI techniques T2*-WI (GRE)
and SWI sensitive to paramagnetic products of blood’ degradation, after stroke, in
hypertensive encephalopathy, as well as in neurodegenerative diseases. Tissue-selective
MRI technologies T2-STIR and T2-DIR give excellent results in visualization of the
oedematic paravasal micro loci and micro foci in neurodegenerative conditions.

MR fingerprinting technology based on the relaxation parameters of voxels of T1 and
T2 WI that are very stable in healthy volunteers, but vary in the course of treatment, or
even be able to provides early diagnosis of brain cancer and metastasis.

MR -angiography at 3,0 T MRI systems provides superb high-resolution results. MRI
technology FIESTA reliably identifies the angio-neural microanatomical “conflict” of
the cranial nerves and cerebral vessels.

“Diffusion” technology (DWI, DTI, DKI) provide new insights into the functional
neuroanatomy to identify micro lesions and to analyze the structure of the neural tracts
of the central nervous system and peripheral nerves, especially for the preoperative
planning of neurosurgical intervention in order to minimize postoperative deficits.

Functional MRI of the central nervous system (fMRI) provides visual information of
the brain tissue activity in the pathology, in the psychological stress, at rest (rs-fMRI) and
functional tests, etc.; that could eventually create vulnerability and treatment markers for
psychiatry and psychoneurology.

SYMPOSIUM «COGNITIVE SCIENCES, GENOMICS AND BIOINFORMATICS» (CSGB-2016) 35
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Motivation and Aim: Nearly a quarter of the world’s population report problems, at
some point of their life, which meet the criteria for the diagnosis of mental disorders
[1]. Hence, significant efforts have been put into understanding the causes of psychiatric
disorders to improve their early diagnosis and treatments. Disrupted-In-Schizophrenia-1
(DISC1) gene emerged as genetic factor predisposing individuals to a wide range of
mental disorders detected by genetic, clinical association studies and emerging biology
[2,3]. Notably, a number of genes encoding proteins interacting with DISC1 are also
considered as risk factors of mental disorders. Hence, it is reasonable to suggest that
understanding of mental disorders in the context of DISC1 network principles (DISC1
interactome, protein-protein interactions) may help to untangle complex molecular
mechanisms of certain psychiatric disorders and address fundamental features of DISC1
as disease gene.

Methods and Algorithms: First, functional role of DISC1 and its molecular complexes
in the brain will be described. Secondly, DISC1-associated mental disorders will be
reviewed in the context of DISC1 and its interactome. Next, I will focus on behavioral
phenotypes of DISCI lines and genetic mouse lines with altered expression of proteins
interacting with DISC1 to assess the impact of individual DISCI interacting proteins
into DISC1-associated mental disorders.

Results: The most comprehensive list of DISCI interacting proteins was identified
by yeast two-hybrid screen [4], which consists of 127 proteins and 158 interactions
(DISC1158 network), suggesting that DISC1 acts as a scaffolding protein in the cell.
DISCI1 ties together several functional pathways such as: Akt/mTOR, dopaminergic
pathway coupled with GSK-3, D2R, PDE4/cAMP and GSK-3/B-catenin. Generally,
these pathways play important roles in neurodevelopment and such subcellular functions
as synapse formation, synaptic plasticity, intracellular signaling, gene expression,
mitochondrial functions and microtubule-based intracellular transport. Around 10% of
human genes are known as disease associated [5]. Moreover, the linkage of one gene to
different diseases indicates that these diseases have a common genetic origin. Indeed, a
human disease network was recently developed [6], where 68% of the estimated diseases
were connected to at least one other disease. There is a strong interconnectivity among
most of the DISC1-associated psychopathologies, and perhaps, DISC1 interactome may
help to better understand the molecular base of comorbidity of brain disorders. The
biggest proportion of DISC1-interactors [PDE4B, GSK-3, PCM1, TNIK, KIF5A, Kal-7,
Dysbindin, FEZ1, 14-3-3, PCNT, MIPT3, SRR, DIXDCI1, ATF4/ATFS5, LIS1, NDE1/
NDELI and Grb2] is involved in schizophrenia. A large part of DISCI1 interactors is
also associated with bipolar disorder [IP3R1, PDE4, GSK-3, Dysbindin, PCNT, SRR,
DIXDC1, ATF4]. Then, some amount of DISC1 interactors is linked with Alzheimer’s
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disorder [GSK-3, APP, KLC-1/KLC2/DIC, Kal-7, PCNT, SRR] and mental retardation
[KLC1/KLC2/DIC, BBS4, PCNT, MIPT3, ATF4/5, LIS1, NDE/NDELI1]. Fewer
DISCl-interactors are associated with Huntington’s disease [PCMI1, FEZ1, Grbl,
N-CoR], major depression [Dysbindin, FEZ1, 14-3-3], addiction [Dysbindin], autism
[Grb2], ADHD [ Kal-7], epilepsy and developmental delay [LIS1, NDE1/NDEL1] [7].
Analysis of behavioral phenotypes on 18 DISC1 models and 30 genetic mouse lines with
modified DISCI interacting proteins [7] showed that a large proportion of genetic mouse
lines without gross abnormalities of sensory-motor functions demonstrated alterations in
emotional, cognitive and social behaviors, supporting the DISC1 interactome in range of
psychiatric disorders.

Conclusion: There is a need to build a comprehensive DISC1 disease network,
integrating several levels of research: 1) interactions among genes, proteins and
intracellular biochemical processes; 2) communication between distinct neuronal and
glial cellular populations; 3) behavioral endophenotypes, with altogether will offer a
basis for future network medicine.
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Circular RNAs (circRNAs) are a naturally occurring family of small noncoding RNAs
(sncRNAs) highly represented in the eukaryotic transcriptome. Recently characterized,
traditional methods of RNA detection and analysis requiring a free 5’ or 3’ ribonucleotide
terminus may have significantly underestimated circRNA abundance and significance.
Intrinsically resistant to exonucleolytic RNA decay, circRNAs appear to be enriched in
mammalian brain tissues. Interestingly, specific sncRNAs such as the evolutionary ancient
homo sapien microRNA-7 (hsa miRNA-7; chr 9921.32; ~23 nt; http://www.mirbase.org/
cgi-bin/mirnaentry.pl?acc= MI00 00263;a known, important post-transcriptional regulator of
phagocytosis), are not only very abundant in the human CNS, but are also associated with a
circRNA for miRNA-7 (ciRS-7) in the same tissues. ciRS-7 contains about ~70 tandem anti-
miRNA-7 sequences; ciRS-7 (~1400 nt) thereby acts as a kind of endogenous, competing,
anti-complementary miRNA “sponge” to adsorb, and hence quench, normal miRNA-7
function. Using miRNA arrays, enhanced Northern blot hybridization and the circularity-
sensitive probe RNaseR we here provide initial evidence of a mis-regulated ciRS-7-miRNA-7
system in sporadic Alzheimer’s disease (AD). Deficits in ciRS-7, and ciRS-7*“sponging
activities” might be expected to increase ambient miRNA-7 levels in AD-affected brain
cells, as is observed, to ultimately contribute to the down-regulation of selective miRNA-7-
sensitive messenger RNA (mRNA) targets. The presence of up-regulated miRNA-7, due to
a deficiency in ciRS-7 “sponging” effects, was shown to down-regulate AD-relevant targets,
such as, for example, the ubiquitin conjugating enzyme E2A (UBE2A; miRNA-7-UBE2A
mRNA energy of association, EA = —22.86 kcal/mol). UBE2A, an autophagic, phagocytic
protein essential in the proteasome-mediated clearance of amyloid peptides is depleted in
AD brain. Such circRNA-miRNA-mRNA regulatory systems appear to represent another
important layer of epigenetic control over gene expression in the CNS. Indeed, our ideas on
sncRNAs in the CNS continue to evolve, and technological advancement, refinement and
recent discoveries continue to challenge the basic doctrines of nucleic acid biochemistry and
evolutionary neurobiology in both health and disease.
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Motivation and Aim: Aggressive behavior is a complex behavior phenomenon having
genetics and physiological roots. Basic studies have shown that the frequency and
severity of aggression depends on the hereditary predispositions, previous experience of
aggressive behavior and social context [1].

Methods and Algorithms: To study genetic component of aggressive behavior
we used published data on genes expression (RNA-seq and microarrays) related to
aggressive behavior in mouse and rat as well as in-house experimental data [2]. The
research was intended to study the molecular and genetic mechanisms of enhanced
aggressiveness in comparison with tolerant behavior using two unique experimental
models which were developed at the Institute of Cytology and Genetics SB RAS. Grey
rats (Rattus norvegicus) have been subjected to selection during several generations in
two directions - friendly, tolerant behavior towards man (tame gray rats) and increased
aggressive behavior (“aggressors”). The latter rats demonstrated reinforced enhanced
not only towards man (in the glove test) but also towards conspecifics in intermale
agonistic interactions.

Results: After RNA-sequencing of the rat brain tissues samples, constructing
differentially expressed gene lists we used set of tools for coexpression analysis to
found characteristic features of gene network related to aggressive behavior. The
use of computer technologies such as GeneNet and ANDVisio gives the possibility
of reconstructing genetic networks - assemblies of coordinately functioning genes
controlling biochemical, molecular-genetic, and physiological processes - based on the
published data. There was a significant difference between the aggressive and tame rats
in proportions of alternative transcripts in a number of the synapse genes.

Conclusion: RNA-seq analysis of differentially expressed genes in rat confirmed
presence of genes known as related to aggressive behavior, such as MaoA. We continue
work on gene network reconstruction using RNA-seq experiments on additional mouse
brain structures in contrast groups of laboratory animals using digital atlas of such
structures.

Acknowledgements: The work was supported by RSF grant 14-14-00269.

References:
1. Kudryavtseva N.N., Markel A.L., Orlov Y.L. 2014 Aggressive behavior: genetic and physiological
mechanisms, Vavilov journal of genetics and breeding, 18(4/3):1133—1155. (In Russian)
2. Heyne H.O. et al. 2014 Genetic influences on brain gene expression in rats selected for tameness
and aggression, Genetics, 198(3):1277-90.

SYMPOSIUM «COGNITIVE SCIENCES, GENOMICS AND BIOINFORMATICS» (CSGB-2016) 39



TRANSCRIPTOMICS ANALYSIS OF DIFFERENTIAL
EXPRESSION IN HELIX LUCORUM STATOCYSTS

Osypov A.A.""** Kolosov P.!, Aceyev N.!, Chesnokova E.!, Roshchin M.!, Bal N.!,

Balaban P!

!Institute of Higher Nervous Activity and Neurophysiology of RAS, Moscow, Russia,
2Institute of Cell Biophysics of RAS, Pushchino, Russia

e-mail: aosypov@gmail.com

*Corresponding author

Key words: Helix lucorum, statocysts, gravity reception, transcriptomics, differential expression

Motivation and Aim: Helix lucorum snail is a classical model object for studies of the
nervous system functions. In order to understand the genome mechanisms of the gravity
reception in the snail nervous system we performed a near single-cell transcriptomics
analysis of space flight induced differential expression in Helix statocysts.

Methods and Algorithms: There were 8 animals in two equal groups of snails - that
flied into space (n=4) and remained on Earth (n=4), some 13 cells were used per every
sample. We performed a full novel transcriptome assembly based on the total mRNA
sequenced by means of lon Proton System.

Results: Near 60% of reads per sample were mapped to the assembly, yielding
more than 40 significantly differentially expressed (i.e. downregulated by space flight)
genes of high accuracy. Most of them relate to the cell reception and different stages
of intracellular signaling pathways, including gene expression regulation. Interestingly
they were no significantly differently expressed genes if transcripts were mapped to
the whole nervous system transcriptome assembly provided by our colleagues, and the
overall portion of the mapped reads was less by nearly 20%.

Conclusion: The data obtained indicates that genes that are differently expressed are
specific to the statocysts themselves and are probably related to gravity reception.
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Motivation and Aim: The reverse-engineering and reproduction of Caenorhabditis
elegans (C. elegans) as its computer simulation is one of the grand challenges at the
interface between neuroscience, biophysics and computational modeling. Participating
in the international open science OpenWorm Project, we share the aim of developing
the computational models and techniques for solving this problem. Reproduction
of ion channels, neurophysiologic parameters and morphology is required for a
neurobiologically reasonable simulation of a typical C. elegans neuron (with passive
signal propagation) and of a muscular cell (capable of firing slow long-lasting Ca2+
driven action potentials).

Methods and Algorithms: The models and algorithms proposed in this work were
created within the NEURON simulation environment [1], which includes a built-
in programming language HOC and an ability for construction of custom models of
ion channels and other cellular mechanisms via Neuron Model Description Language
(NMODL) expanding NEURON’s standard repertoire.

Results: We have proposed a model of a typical C. elegans neuron (based on our
recent investigations [2]) and of a pharyngeal muscle cell, taking into account their
morphologic and electrophysiologic properties. On the basis of the available experimental
data and models of related ion channels we have constructed and optimized EGL-19
Ca2+ and EXP-2 K+ ion channels [3]. Then we introduced them into the model of a
muscle cell, to make it correctly shape the action potential time profile. The model of a
neuron reproduces quite accurately the mechanism of neural signal transmission based
on passive propagation.

Conclusion: Obtained models are in a good accordance with known facts about
simulated objects and reproduce their properties really well. They allow enhancement
with more sophisticated mechanisms in order to represent the specifics of various cell
classes and and to construct the networks of the elements involved.

Acknowledgements: The work was supported by Russian Federation President grant
MK-5714.2015.9
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Motivation and Aim: Attention deficit hyperactivity disorder (ADHD) in childhood is
one of the most actual problems in medicine today due to its high prevalence, insufficient
amount of pathogenetic mechanism’s knowledge, and, consequently, low efficiency
of therapy [1]. Actuality verifying the effectiveness of the dynamic correction of the
sympathetic nervous system (DCASNS) to restore executive functions in children with
attention deficit hyperactivity disorder

Methods and Algorithms: Objectives: 35 children with clinical signs of ADHD
(pursuant to ICD-10 — F90), age 6-9 years old, intellectual indicants not below the
average according to the Wechsler Scale held specific treatment for at least 6 months
without a significantly improvement. All patients received medication approved
for use in pediatric practice facilities, including a nootropic, cardiovascular drugs,
anticonvulsants, and course of neuroelectrostimulation by SIMPATOKOR-01 device,
realized DCASNS method. Its method implemented using an electrical pulse generator
that delivers the spatially-distributed field of the carefully-controlled current pulses in
the nervous structures of the neck [2]. This allow to control of autonomic regulation
activity (by stellatis ganglion) and stimulate stem neural centers. Patients were assessed
using the psychometric method - Attention deficit hyperactivity disorder — Rating scale
IV [3], psychophysiological methods — the test of variability of attention (TOVA) [4],
electrophysiological method — 21-chanel electroencephalography (EEG).

Results: The initial clinical state of the patients was clinical severe, and low rates of
neuropsychological tests. As a result of ten DCASNS procedures improved significantly
psychometric assessments by ADHD scale (tabl. 1) and psychophysiological assessments
by TOVA test (tabl. 2).

Table 1. The dynamics of ADHD RS-IV in children with ADHD before and after treatment

ADHD-RS-IV score Before treatment After DCASNS
Inattention 1,99+ 1,15+
Hyperactivity / impulsivity 2,17+ 1,28+
Total 2,08+ 1,22+
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Table 2. The dynamics of the TOVA before and after treatment in children with ADHD

Data Before treatment After DCASNS
Omission errors, % 325+ 8,1+
Commission errors, % 232+ 19,9 +
Response time, msec. 681+ 656 +

* p<0,05 — significance of differences compared before treatment.

The data from Tables 1 and Table 2 shows that after the course of the DCASNS
for the children with ADHD changed psychophysiology parameters to the direction of
normalization, and decrease the severity of symptoms of this disorder.

The brain activity in children with ADHD was characterized by increased theta and
delta activity in the anterior cortical areas and reduction of level of the beta rhythm in
the area. The EEG analysis at 6 and 12 months after beginning the treatment allows
one to establish reduction of the high-amplitude slow-wave activity in all investigated
children, and change of the ratio between theta and beta rhythms. Moreover, an increase
of resistance with respect to loads was observed, i.e., raising the seizure threshold.

Conclusion: During this twelvemonth trial of DCASNS method’s effectiveness in
children with ADHD, we achieved significant clinical improvement with significant
optimization of attention’s quality indicants. We also observed reduction of hyperactivity
and impetuosity. Clinical efficiency was proven with positive dynamics of ADHD
psychometric indicants on the scale ADHD-RS-IV and psychophysiological ones
according to TOVA-test.
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Motivation and Aim: Actuality verifying the effectiveness of the dynamic correction
of the sympathetic nervous system (DCASNS) using a non-invasive multichannel
neurostimulation device “SYMPATHOCOR-01”. The task is to restore cognitive
function in patients with organic amnestic syndrome.

Methods and Algorithms: Objectives: Three patients with clinical organic amnestic
syndrome resulting of brain damage (poisoning, alcohol and trauma) held inpatient
treatment for at least 12 months in the neurology or psychiatry department without a
significantly improvement. Methods: DCASNS method implemented using an electrical
pulse generator that delivers the spatially-distributed field of the carefully-controlled
current pulses in the nervous structures of the neck [1]. This allow to control of autonomic
regulation activity (by stellatis ganglion) and stimulate stem neural centers. Patients
were assessed using the clinical method, neuropsychological scales: Frontal Assessment
Battery (FAB) [2], Montreal Cognitive Assessment (MoCA) [3], Mini-Mental State
(MMSE) [4], magnetic resonance imaging (MRI), electroencephalography (EEG), heart
rate variability (HRV).

Results: The initial clinical state of the patients was severe, with structural damage
on MRI and low rates of neuropsychological tests. As a result of seven DCASNS
procedures improved significantly neuropsychological assessments: FAB (from 5,743,1
to 12+4,0); MCA (from 11,3+3,0 to 16,3+4,0); MMSE (from 15,3+6,2 to 21,3+8,3). EEG
comparison analysis showed an increase in power of Alpha waves and power reduction
of Delta waves on all leads. HRV comparison analysis showed an increase total power
and the change in autonomic balance.

Conclusion: The DCASNS method able to recover in the short working memory and
other cognitive functions in patients with organic amnestic syndrome.

Availability: The DCASNS method can be used for the effectiveness treatment of
cognitive dysfunctions resulting organic lesions of the central nervous system.
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Motivation and Aim: Cognitive deficit is the result of the organic brain damage. The
task of early cognitive impairment diagnostic is urgent for designing of the effective
clinical programs. One of the perspective directions, is the electrophysiological study
of the functional brain asymmetry (FBA) [1]. The goal of the present work is to study
features of the functional asymmetry patients with cognitive impairment as result of
organic brain damage.

Methods and Algorithms: Objectives: Four patients with clinical signs of cognitive
impairment after organic damage and one healthy volunteer. Subjects performed
cognitive tasks (dynamic praxis, reciprocus coordination, auditory motor coordination).
During task performance, record of the 21-channel electroencephalography (EEQG)
was carried. The recorded biosignals were analyzed by the software package “FBA”
Medicom Ltd (Taganrog).

Results: The features of the cross-correlation and cross-spectrum were the most
informative for the alpha waves (8-13 Hz). Signals of patients, compared to signals
of the healthy volunteer, showed significant decrease of the alpha waves power during
performance of the cognitive tasks. The features of the coherent analysis were the most
informative for beta waves (13-24 Hz). For patients with the organic brain damage
dissociation of the intra- interhemispheric connections was noted. The dissonance was
stronger expressed when patient had difficulties during the task performance. For healthy
volunteer the formation of the powerful connections between different areas of the brain
cortex mostly in the reight hemisphere.

Conclusion: The common feature for all patients was the decrease of the intra- and
interhemispheric connections effectiveness. These connections are required in normal
state for the cognitive task solution. For patients with the organic brain damage the
significant decrease of the general energetic processes in the brain was noted. Results of
the EEG signal coherent analysis allows one to quantify interaction of different areas of
the cortex during performance of the cognitive tasks.

Availability: Results of the pioneer work allows us to formulate task of the in-depth
research of the FBA patterns in order to develop methods of the early diagnostics of the
organic brain damage and methods of the forecasting of its consequences.
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Motivation and Aim: Develop basic approaches of artificial neural network for
diagnosing cognitive impairment in children undergoing various clinical forms of lesion
of the central nervous system.

Methods and Algorithms: Children with a history of different clinical forms of
perinatal lesions of the central nervous system: 1-lesion of hypoxic-ischemic perinatal
genesis; 2-hypoxic-gemorragic lesion; 3-natal spinal injury; 4-kraniospinal trauma;
5- control group without perinatal lesions. The neuropsychological screening study
included analysis of parameters of memory, attention, gnosis, praxis and intelligence.
The diagnosis of mental disorders was based on the international classification of
diseases (ICD-10). Mathematical methods included calculation of Spearman correlation
coefficients, principal component analysis, artificial neural networks and classical
statistical methods.

Results: Study of children between groups of correlation analysis method for
psychologically showed some significant differences. The number of coefficients with
high correlation depending on the form of perinatal lesions differed and was from 12 to
28. The method of principal component analysis based on the results of psychological
testing, the children were divided into several classes. Assessment of the statistical
significance of differences between groups of children was used to build artificial neural
network.

Conclusion: Preliminary statistical selection of indicators of psychological testing is
allowed to choose the most important options for constructing artificial neural network
that can be used for diagnosing cognitive impairment in children with perinatal lesions
of the central nervous system.
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Motivation: In 2014, we demonstrated that the TATA-box is a molecular regulator of
gene expression norm of reaction (NR). Pearson’s coefficient of variation (Cv, the ratio
of the standard deviation to the mean) is the measure of variations in gene expression.
Hence it used as measure of the NR of the gene’s expressional level. Sequences -70 to
-20 bp. are proximal promoters (PP) that carry out of TATA-boxes or its analogues. This
study is conducted to find correlation between the TBP/TATA affinity (=/n/K , . ..(S)])
of PPs for genes with brain’s expression and Cv of the expression of these genes [1].

Methods. Maximum of the (=In/K, . (S)]) in 26 bp. sliding window for PP was
found by the equilibrium equation for the four steps of TBP/TATA-box binding. As
brain expressed were sampled 35609 mRNAs in 946 human brain segments of Allen
Brain Atlas [2] and 12931 mouse genes taken from the its brain transcriptome [3].
The human PPs were extracted from the hgl9 human reference genome in the RefSeq
database, release 52, and the mouse PPs from the reference mouse genome, release 69
of the Ensembl database. Cv value (%) of the expressional level for each gene were
characterized according data [2, 3]. Pairs of Cv value and (—/n/K , . (S)]) for human
and separately mouse genes were scaled to a (0; 1) scale of relative units and clustered by
Statistica. Gene functional annotation provided by ten Gene Ontology (GO) terms with
the highest confidence estimations with Bonferroni corrections.

Results: 1) Human genes divided on minor (8375 genes =24%) and major (27234 genes
=76%) clusters. The minor cluster with high mean Cv values (36+9%) that is expression
of these genes are variable. Cv values of these genes show a significant correlation with
the (—=In[K , .,(S)]) of their PPs: r=0.48 (p<10-20). Hence, TBP affinity to PPs of these
genes contribute to their wide expressional NR within human brain. GO annotation in
good agreement with these data. These 8375 genes encode signaling pathway receptors
on outer membranes of human brain cells as well as reception, sensory and cognition
processes in brain. The major cluster with low both mean Cv values (10+6%) and
correlation with (=/n/K , .. (S)]) (r=0.16, p<10-20), and with steady expression include
genes of basic (intra)cellular metabolism. 2) Mouse genes divided on two clusters too:
1126 genes = 9% with high both mean Cv value (551£166%) and significant correlation
(r=0.41, p<10-20); 11805 genes = 91% with low both mean Cv value (189+98%) and
correlation (r=0.26, p<10-20). It was not shown reliable GO terms for certain cluster, but
for all sample [3] most of GO terms matched by human major cluster only.
Acknowledgements: budget 0324-2015-0003; RFBR 14-04-00485.
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Motivation and Aim: Genetic predisposition and aging are the greatest known
risk factors for Alzheimer’s disease (AD). Clusterin (CLU) gene was identified to be
associated with AD in different populations, including Russian population (Harold et
al., 2009; Lambert et al., 2009; Golenkina et al., 2010). The prevalence of AD is higher
in women, but the mechanisms of the gender-related differences are not completely
understood. The normal brain undergoes a substantial decrease of functional connections
within resting-state networks during aging, but gender- and CLU-related differences in
functional connectivity remain unknown.

The present study aimed to determine the possible gender-related differences of the
alterations of brain functional connectivity in normal aging and to define the effect of
CLU genotype on theses alterations.

Methods and Algorithms: We examined age-related differences in resting state
functional connectivity assessed by interhemispheric EEG coherence in 157 non-demented
volunteers (age range 20-80 years), subdivided into subgroups of those younger and older
than 50 years of age and stratified by gender and CLU rs11136000 genotype. Informed
written consent was obtained from all participants. All subjects underwent a neurological
examination and cognitive screening. The significance of the differences between the log-
transformed EEG and parameters in different groups was estimated using ANOVA in the
general linear model (GLM). The analysis was adjusted for ApoE genotype.

Results: The older women showed decreased interhemispheric coherence values
compared to the younger women, while in the man age-dependent decrease of the
EEG coherence was significant only for beta coherence. In the women older than 50
years of age the presence of AD risk variant CLU CC was associated with lower alphal
coherence. The reduction of alpha and beta interhemispheric coherence correlated with
the worse performance in Luria verbal memory test.

Conclusion: The results indicate that altered functional connectivity in normal aging
is associated with gender and CLU genotype. Progressive decline in interhemispheric
connectivity contributes to memory decrement and suggests the impact of age-related
disconnection process in pathogenesis of AD in women carrying AD risk variant CLU
CC. The results suggest that the neurophysiological markers may be important in
monitoring preclinical disease progression in at-risk elderly.
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Motivation and Aim: Huntington’s disease (HD) is a hereditary neurodegenerative
disease at which early stage the violation of cognitive disorders, problems with spatial
orientation and training is noted. HD caused by a pathological expansion of a CAG repeat
in the first exon of the gene coding the huntingtin (HTT), resulting in an abnormally
long polyglutamine stretch. The alteration of molecular structure of HTT leads to toxic
gain-of-function effect possibly through the aberrant protein interactions. In normal
HTT interacts with the wide range of proteins, having SH3 (Src homology 3 domain),
WW (regions containing two tryptophans (W)), EVH1 (Enabled, VASP, Homology
1) domains [1]. The database GeneNet (ROSPATENT Ne 990006 from 02.15.1999)
accumulated and structured the information on the key proteins that provide the structural
and functional plasticity in the CA1 hippocampal region [2]. The aim was to study the
huntingtin contribution to the changing the synaptic plasticity in the hippocampus and
identify potential targets for pathogenic form of huntingtin.

Results: Normally HTT acts as a scaffold molecule providing the order of events
when endocytosis of glutamate receptors takes place, and also is involved in the process
of moving the vesicles with receptors along the tubulin dendritic cytoskeleton. The
domain composition of the protein group involved in maintaining the neurotransmission
in the hippocampus [3] was analyzed. It has been found that pathogenic HTT interacts
with SH3 domains of SH3GL3 and PACSIN1 with higher affinity [1]. The high level
of similarity between sequences of SH3 domains this proteins and proteins of GeneNet
Data Bank was identified (using the Smith-Waterman algorithm (http://www.ebi.ac.uk/
Tools/psa/emboss_water/)).

Conclusion: The key proteins of postsynaptic density, regulators of endocytosis and
remodeling the actin network can appear as a targets of the Htt pathogenic form that may
underlie the structural and functional disorders in the hippocampus and may mediate the
cognitive disorders on early presimptomatic stage.

Availability: http://wwwmgs.bionet.nsc.ru/mgs/gnw/genenet/viewer/ AMPA.html
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Motivation and Aim: To solve the key problems of neurobiology it is important to
integrate the knowledge about the molecular mechanisms of realizing the main functions
of all living systems - maintaining the vital functions on the base of prognostics. At the
molecular and the cellular levels those properties were evolutionally formed and later
became the basis of higher information functions of brain. At this level, biologically
active substances, pharmacological drugs and exposures are acting to restore, preserve
and increase the brain resources. Therefore, the most urgent task at this stage of brain
research is to integrate the existing knowledge about molecular organization and neuron
functional architecture dynamics. This will create the prerequisites for the formation of
a generalized theory of functioned of the neuronal systems as a physical phenomenon
of decreasing the entropy on the base of informational and forecasting processes in the
complexes of molecular assemblies.

The ability to create such a theory based on the negentropic principle seems now
problematic because it is unreal to integrate a huge amount of research results in the
field of neuroscience which have appeared in recent years. However, it is hoped that
this problem can be solved on the basis of the limited range of conceptual studies.
Preconditions for its implementation are the subject of this work which is focused on
the theoretical and experimental analysis of the molecular architecture characteristics,
information properties and molecular structures of basic functional systems oriented on
performance of prediction tasks.

Acknowledgements: Presented in the data obtained in the performance of the base
project for Fundamental Research RAS VI1.35.1.5, RFBR grant Ne 15-29-04875
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Motivation and Aim: It is known that the basic cognitive functions most affected by
age are attention and memory. However, the age-related changes in brain structure and
function are not uniform, and mechanisms underlying the individual changes will be
discovered. The complexity of neural organization of cognitive functions makes relations
between brain and behavior extraordinarily difficult, although ultimately testable [1].
Establishing such links between intelligence, attention, and memory and their changes
that occur in normal human aging is the aim of our study.

Methods and Algorithms: The relationships between intelligence and indicators of
attention systems functions, retrieval of verbal and figural stimuli, as well as the lateral
characteristics of verbal memory in older age (65 years, n = 83; 43 women) and in
young group (22 years, n = 133; 83 women) have been studied. The computer-based
cognitive measuring and training platforms were created using Pascal and C++. One part
of programs was designed to analyze selection processes, others — for different forms of
memory [2]. Lateral characteristics of verbal memory were measured by dichotic testing
[3]. General intelligence (IQ) was assessed using the Eysenck’s test.

Results: 1t was found that the rate of information selection in conflict conditions is
a predictor of the level of intelligence, regardless of age. In old age a higher level of
intelligence corresponds to shorter time of executive control system while in the young
people significant relations between intelligence and functions of attention systems are
not found. In the analysis of memory, aging-independent a positive contribution to the
intelligence have the words addressed to the left hemisphere; additionally, in the young
age the contribution of verbal memory when words addressing the right hemisphere,
and in the elderly - the retrieval of verbal and figural stimuli. Gender specificity in age-
associated reorganization of attention and memory as predictors of intelligence was
revealed, i.e. age-related changes were more pronounced in men.

Conclusion: The different relationships between cognitive functions in old and young
groups were found pointing to the restructuring of the neural systems due to the age or
sex factors. Acknowledgements: This work was partially supported by a grant of the
Russian Foundation for Humanitarian Research, project No 15-06-10052.
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The study was aimed to revealing of the connections between of the genetic markers,
the behavioral features and the endophenotypic indexes of brain activity (EEG) with
the risk of development of the affective pathologies in the healthy participants and the
clinical patients with depression. The research was organized in the several ethnic groups
(Russians, Tuvinians, Yakuts and Mongols) and in the city and rural environmental
conditions. In addition, comparison of the healthy people with different inclination
to affective pathology and the clinical patients before and after treatment was carried
out. The recognition of facial emotionality, the recognition of emotional speech and
the motor control task were applied as the experimental methods. Interaction of the
effects of various genetic polymorphisms, related with functions of serotonin’s system,
and socio-cultural features of participants was monitored by means of the behavioral,
psychometric and electrophysiological methods.

As a result of research, the complex interactions of the biological and social factors
determining inclination to affective pathology in different climatic and social living
conditions were revealed. It was shown that endophenotypic indexes of brain activity
could be applied for more detailed analysis of dependence between the biological and
social reasons of pathology and for control over efficiency of therapy.
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Motivation and Aim: The detection of perinatal affection of the central nervous
system is a complex problem demanding a just analysis of large amounts of constantly
changing information.

Methods and Algorithms: Statistics from Altai Region Clinical Children’s Hospital
and maternity hospitals of the Altai Territory has been used. Diagnoses of newborns:
hypoxic-ischemic lesion of the CNS — 384 newborns; hypoxic-hemorrhagic lesion of
the CNS — 82 newborns; natal spinal cord damage — 357 newborns; natal craniospinal
damage — 147 newborns; the absence of the diagnoses mentioned above — 1294 newborns.
20 clinical symptoms of gestation course have been included in the data pool. At the first
stage when detecting the list of discriminating symptoms for each diagnosis of perinatal
affection of the CNS, discriminative analysis has been used. At the second stage artificial
neural networks (ANN) on the basis of neuro paradigm “Back Propagation” has been
applied.

Results: The statistical processing based on the discriminative analysis shows pre-
delivery symptoms which play an important role in detection of perinatal affection of the
CNS. When detecting hypoxic-ischemic lesion of the CNS the number of discriminating
symptoms includes 18, hypoxic-hemorrhagic lesion of the CNS -14, natal spinal cord
damage — 9, natal craniospinal damage — 13. Obtained curtailed samples have been
studied with artificial neural networks. In the course of numerical experiment artificial
neural network architectures, detecting hypoxic-ischemic lesion of the CNS within the
accuracy of 72%, hypoxic-hemorrhagic lesion of the CNS — 96%, natal spinal cord
damage — 79%, natal craniospinal damage- 91%, have been obtained. The specificity of
detection has ranged from 85% to 98%. The sensitivity of detection of normal patients -
90%. The study outcome is the creation of diagnostic system included joint use of neural
networks with different architecture and functional areas.

Conclusion: In such a way, using data mining technique provides more accurate
detection of perinatal affection of the central nervous system of newborns and adequate
treatment when planning the act of delivery.
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Development of the brain-computer interfaces (BClIs) is a multidisciplinary area that
involves many engineering, neurophysiological, psychological and medical aspects.
Between them, a certain imbalance exists: while many efforts were made to improve
the classifiers of brain signals, more impressive progress seems to be achieved with the
introduction of new neurocognitive approaches or new areas of application. We will
review a number of significant improvements recently made to the non-invasive BCI
technology and discuss implications from the experience of our group in designing new
types of BClIs. In particular, this experience includes the use of single-stimulus paradigm
known from psychophysiology (a variant of the oddball paradigm) for calibration [2] and
for online control [1], and the development of a fully fluent hybrid BCI that detects short
gaze fixations intentionally used for interaction with a computer using a specific variant
of fixation-related brain potentials possibly not yet known in psychophysiology (Eye-
Brain-Computer Interface, EBCI; [3]). Together with the neurocognitive studies, however,
serious engineering efforts, especially in creating new tools that support programming
for online joint analysis of multimodal signals, were crucial for making the development
of these new BCls possible. It follows that all aspects of the multidisciplinary task of
BCI development require high attention. Among the possible future directions of these
and other non-invasive BCI technologies, an interesting perspective is associated with
modern machine learning approaches, such as deep learning, that could be applied to the
EEG and eye tracking data considered in the context of various situations of the EBCI-
mediated interaction with computer GUIs.

Acknowledgements: Parts of this work were supported by the Russian Science
Foundation, grant 14-28-00234 (EBCI development) and by the Russian Foundation for
Basic Research, grant 15-29-01344 ofi_m (reviewing the perspective machine learning
approaches).
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Motivation and Aim: In clinical practice, bipolar affective disorder often have similar
clinical picture with other mental disorders. Laboratory criteria for the differential
diagnosis of bipolar disorder are not available. We have done a comparative proteomic
analysis of blood serum of healthy individuals and patients with bipolar disorder.

Methods: Diagnostics was carried out in accordance with the current classification
ICD-10. Preparation of samples included: purification from serum major proteins by
affinity chromatography, separation of proteins by 1-D electrophoresis, the proteins in
the gel trypsin digestion followed by extraction.

Results: During the study, we identified proteins, which do not occur in healthy people:
ankyrin repeat domain-containing protein 12; glutamate NMDA-receptor subunit zeta-1.
Was identified ankyrin repeat domain-containing protein 12 is a protein with a molecular
weight of 235 kDa. Domains containing ankyrin repeats mediate a variety of protein-
protein interactions. Mutations in genes encoding ankyrin like proteins may cause
defects in gene expression that lead to various diseases, for example, a gene ankyrin
G, performing many different functions in the CNS associated with bipolar disorder,
although this connection with pathogenic mechanism remains unknown. Another
protein with a molecular weight of 105 kDa — glutamate NMDA-receptor subunit zeta-
1. It is known that in the manic phase of bipolar disorder observed an elevated level of
glutamate in the left dorsolateral prefrontal cortex against decrease density of NMDA-
glutamate receptor. Perhaps due to the expressed excitotoxicity are damaged synapses,
which leads to the appearance in serum of NMDA receptor subunits. The appearance in
the blood contributes to receptor subunits damage the blood-brain barer.

Conclusion: By increasing the amount of probands, it is possible to assume the use of
the detected proteins as biological markers of bipolar disorder

Acknowledgements: Support by Grant of RSF no.14-15-00480 «The search for
biomarkers of socially significant endogenous mental disorders» 2014-2016.
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Motivation and Aim: Modern research tools of advanced behavioral phenotyping
allows accurate monitoring the behavioral impairments in rodent models of different
neurologic and psychiatric disorders. We will present the methods for evaluation of
cognitive functions in mice and rats and discuss the criteria for models of cognitive
decline. Original results that were obtained using a genetic model of Parkinson’s Disease
(B6.Cg-Tg(Prmp-SNCA*A53T)23Mkle/J mouse strain) and a genetic selected model of
accelerated senescence (OXY'S rat strain) will be introduced. The aim of the study was
to compare cognitive characteristics and their neuromorphological correlates in models
of cognitive decline associated with neurodegenerative disturbances and to assess the
neuroprotective effects of ceftriaxone (CEF).

Methods and Algorithms: We conducted the behavioral testing including open-
field test, novel object recognition test, Barnes test, T-maze, and IntelliCage as well as
neuromorphological study of neuron density and autophagy levels in the frontal cortex
and hippocampus. To evaluate the effects of CEF, the animals of experimental groups
were treated daily with the drug (100 mg/kg/day, i.p., 36 days).

Results: Mutant B6.Cg-Tg(Prnp-SNCA*AS53T)23Mkle/] mice showed higher
horizontal locomotor activity and a tendency to increase in vertical locomotor activity in
the open-field test. Moreover, both 5- and 10-month old mutant mice displayed certain
impairments in the performance of the Barnes test including decreased exploratory
motivation and retarded learning. At the age of 5 month old OXYS rats demonstrated the
disturbed performance of the novel object recognition test and a lowered neuronal density
in the hippocampal CA1 area (but not in the CA3 area or frontal cortex) and a tendency
to dopaminergic attenuation in the nigrostriatal system. CEF exhibited beneficial effects
on cognitive features and neuromorphological disturbances in both models.

Conclusion: Application of the genetic models in combination with the modern
research tools of advanced behavioral phenotyping for experimental study of cognitive
functions and neuroprotection appeared to be an established approach in cognitive
neuroscience and neuropharmacology. We revealed cognitive disturbances in two
genetic models of neurodegenerative disorders. Neuroprotective drug CEF improved
the impaired cognitive function in these models and restored neuronal disturbances. The
data suggested CEF as a promising pharmacological tool for the prevention of cognitive
decline at neurodegenerative disorders.

Acknowledgements: This work was partially supported by grants No. 15-04-05593-a
and No. 15-54-52029 HHC-a from the Russian Foundation for Basic Research.
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Motivation and Aim: Custom’s text hierarchical menu is a key element in various
programs. The convenience of the user experience with the product and the efficiency
of interaction with the system depend on the menu organization. Therefore, the actual
problem is the optimal organization of the menu structure.

Some works on the automated menu design appeared in recent years based on different
optimization methods [1-5]. In these researches a variety of optimization techniques are
offered, but the fundamental issue is the choice of optimization criterion. The criterion is a
variation on the theme of the average navigation time in most researches, but the choice is
always made quite speculative. If you do not set the task to create the “most rapid” menu
but “menu, which was liked by most users,” it should be possible to find out exactly what
kind of menu aspects are important for the user to build the optimization criterion based
on them. This problem is a challenge to identify the users’ preferences. The necessity to
research user preferences in selecting the hierarchical menu structure is not only connected
with the aesthetic aspects, but also to the fact that the less the user like the work with the
object (in this case with the menu), the more mental effort expended during handling [6-
7], and thus fatigue occurs faster and higher the load on the system body. The aim is to
investigate the influence of the structural parameters of the menu and the user’s cognitive
process indicators on the satisfaction of working with this menu.

Methods and Algorithms: The research was carried out experimentally.

1. The method of procedure

Participants. The participants of the experiment were 30 students of the 3-5 years
from the Ryazan State Radio Engineering University. Number of men - 18, of women -
12. The participants’ average age was 20,8+1,2.

Materials. 10 hierarchical user menus with different structure were created for the
experiment. Raven’s tests were used for evaluate the cognitive processes of the tested
people and “Landolt Ring” was used for short-term memory capacity. Evaluation of
menu preferences carried out on a scale of “like / dislike”.

Procedure of investigation. Experiments were carried out in the morning for 3 days
in groups of 8-12 people in a computer class in the same environmental conditions.
After the briefing, explaining the meaning of the experiment and trial testing the record
contains 10 two-digit numbers was showed to tested people, and test at the memory was
performed. Then heard Landolt test forms and test for 8 minutes, the test is performed.
After a 3-minute rest tested people worked in a pilot program with a variety of menus.
Working with one menu takes 5 minutes, between working with neighboring menu there
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was a 2-minute break to rest, during which the tested person assesses user experience
and preferences menu. Upon completion of the program and longer rest the tested people
performed Raven’s test.

2. As aresult of the experiment a set of test results and preference for 30 tested people
were obtained. Indicators of cognitive processes were identified.

Results: Results of the experiment were processed in the statistical package R.

It’s offered to construct a logistic regression, which will allow to predict whether the
menu with preset parameters like specific user without cognitive processes. It was found that
this logistic regression allows to classify 69% estimates the user experience the convenience
of the menu correctly. The resulting model gives optimistic assessment concerning the
fact whether the user like the menu. Logistic regression, which uses as predictors only
selected indicators of cognitive processes without the options menu allows to classify 62%
of the preference ratings correctly. Almost all assessments “Like” were classified correctly.
However, a much larger part of the assessments “Dislike» were not classified correctly.
This logistic model is too optimistic. It’s offered to construct a logistic regression, which
will allow to predict whether the menu with preset parameters like specific user with given
parameters of cognitive processes. This regression allows to classify 78% estimates the
user experience the convenience of the menu correctly. In this case the pairwise interaction
of menu parameters and user was included the model. The interaction explains that the
formation of menu preferences to a large extent depend on the state of cognitive processes
and sensory systems of the body. These states will increasingly affected by the combination
value of indicators and user menu. For example, if the user has as rate of short-term memory
a small value, then with long menu items (in particular the component) an increased load
will occur on the cognitive processes so discomfort will appear and evaluation of the menu
will not high. A similar situation will be observed at low values of user’s attention indicators
when the load on the cognitive processes will provide not only the length of the menu item
text but and the number of items in the menu bar and a number of composite panels. The level
of logical thinking will influence on assessment of the menu is primarily due to the indicator
“Combined menu”, which by and large is specific.

Conclusion: The research showed that to build a menu that would be liked by users,
it is necessary to take into account a combination of the values of the user’s cognitive
processes and menu options. The created logistic model allows to classify 78%
assessments of the menu on the criterion of “like / dislike” correctly. To increase the
percentage of correct classifications it’s necessary to include in the model more factors
and also consider the non-linear function.
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Motivation and Aim: Information perceiving depends on its presentation. In general
case of people’s consideration of different objects, connected with operations of certain
rules of perception and attention, there can be certain mistakes and distortion [1].
Adverse conditions can increase time spent on perception of information flows and
reduce information content that could have been assimilated.

In [2] peculiarities of perception of the most frequently used types are described. The
results were based on electroencephalography and oculography. It was investigated that
the types are remarkable for different graphic and psychophysiological characteristics
that determine the quality of text perception, understanding and memorization of it.
Whereas different types lead to different cognitive efforts and degree of tiredness.
They also influence rate of text perception. According, performance and parameters of
information flows must be optimized to maximize acquisition of information and to
minimize negative influence on a user. However, the question on individual presentation
of information is opened. Individual properties and showings of a person during
displaying information flows must be taken into account as well, especially it concerns
video information. It can be said that playback speed is the most important parameter
of displaying video. Its quality will influence assimilation of information, time spent on
viewing video and convenience of a user.

Hans Eysenck is one of the leaders in the biological trend in psychology. This British
psychologist, the author of the popular 1Q test, came to the conclusion that preferences
are determined by amour of efforts spent on solving one or another problem. What is
more, number of authors investigated preferences of an object or stimulus depended
upon its characteristics and an observer’s peculiarities.

These authors have come to the conclusion that aesthetic assessment and preference
are not so conditioned by characteristics of stimulus or an observer’s peculiarities,
however, they depend upon the choice of a cognitive problem and its solving in the
process of perception [3-6].

Accordingly, the more mental efforts are expended in the process of working with
the object, the faster tiredness comes and the higher load of systems of human organism
is. Thus, lower estimation of preferences of an object we get. Therefore, the researchers
tried to investigate how cognitive processes during watching a learning video determine
preferences of playback speed and the influence of nervous system. The strength of
nervous system determines dynamics of efficiency and development of tiredness during
the work. Registration of indicators concerning a user’s adaptive processes is also of a
great interest.

The aim of the work is to research preferences of video playback speed depending
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on a learner’s indicators of cognitive and adaptive processes and on strength of his
nervous system. The importance of this research is conditioned by the fact that the lower
evaluation and convenience of working with data entity, the more effort is expended
during the work with the object, thus tiredness comes quicker and it increases load of
systems of human organisms.

Methods and Algorithms:

1. The method of procedure

Participants. The participants of the experiment were 30 students of the 2-5 years
from the Ryazan State Radio Engineering University. Number of men - 13, of women -
17. The participants’ average age was 21,140,6;

Materials. The values of indicators concerning cognitive processes and strength
of nervous system were resulted from psychophysiological test. The chosen tests can
be used within the framework of e-learning in future. What is more, it was taken into
account that memorizing and attention are the main processes that determine efficiency
of the learning process. Thus, the Landolt C test (Brunner, 2006, 316 p.), which shows
the ability of short-time memory (Karelin, 2007, 416 p.), and the tapping test (Karelin,
2007, 416 p.) were chosen. The indicators of adaptive processes were determined by
the Poly-Spectrum-Rhythm. The player with regulated playback speed was used for
displaying the video.

Procedure of investigation. The conditions of the experiments were equal for all
participants. They were tested to investigate their memory and attention after briefing
and explaining the gist of the experiment. The participants had to exclude the circles with
a particular gap. This test was focused on their attention. Then they had to remember 12
two-digit numbers during 30 seconds and to reproduce them during 1 minute. After the
participants had a minute rest. They were to be tested by the Landolt C test during 4
minutes, and then by tapping-test. After testing the Poly-Spectrum-Rhythm analyzed the
electrocardiosignal during 5 minutes and generated estimates of the adaptive processes.
To estimate preference of playback speed each of the participants was shown 30 seconds
videos with different average playback speed from s1 = 62 words/min to s§ = 118 words/
min with the pace of 8 words/min. The participant had to estimate his or her convenience
of watching Ui video with different playback speed si (i = 1...8) on the basis of the
10-point system.

2. Results obtained

On the basis of the actuarial data gathered the following parameters for each
participant were calculated according the formulas:

- memory coefficient x1;

- coefficient of efficiency x2 = N;

- accuracy figure of attention x3;

- data point x4 of dynamic type of efficiency in the tapping-test which
characterises strength or weakness of nervous system and gets the values 1,
2,3,4;

- index of vegetative balance x5;

- stress-index x6;

- playback speed y which has provided the experiment with the supreme
estimate from ul, ..., u8.

Results: The regression analysis resulted into such a multiple linear regression:

y=a0+alxl +a2x2+a3x3+a4dx4+a5x5+ ab6x6
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with R2 = 0,78 (F(9, 20) = 8,074, p < 0,001)

The most successful model in the context of index R2 is the multiple linear regression

with intercommunions:
y=>b0+x4-(blxl +b2x2+ b3x3) +b5x5+ b6x6
with R2 = 0,89 (F(15, 14) = 7,295, p <0,001).

The regression analysis indicates that preferences of playback speed are explained
by the process of attention. What is more, the strength of nervous system also influences
preferences of playback speed, as it also affects the process if tiredness.

Consequently, we get the model that explains mobility in preferable playback speed
by almost 90%. Such a model allows to predict the best video playback speed from the
point of view of perception and preference, based on indices of cognitive processes,
efficiency and adaptive processes. Fig. 1 shows the indices of playback speed gained
through the experiments in the coordinate axes y(x3) with the help of the circles, and the
triangles mark projected indices by regression.
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Fig. 1. Experimental and projected indices of preferable video playback speed
Conclusion: A lot of factors influence efficiency of information perception, that
include its presentation and psychophysiological state of a user. The research has shown
the influence of indices of the adaptive processes, memory, attention and strength of
nervous system on preference of video playback speed. In the basis of the gained data
the personified model of dependence between the best playback speed and marked
indices was created. The accuracy of forecasting can be improved by specification of
coefficients of the model during various experiments including the usage of smaller
paces in playback speed between two videos.
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Motivation and Aim: The observed association of polymorphism 5-HTTLPR gene
serotonin transporter with cognitive processes and “adaptive” nature of one of its
genotype, as well as data on gender differences in the serotonergic system of the brain
served as a basis for studying the association of this polymorphism with the efficiency of
cognitive functioning in men and women depending on the age and intellectual activity.

Methods and Algorithms: Scientific activity has been selected as high-intensity
intellectual activity. Young and old, employed at the time of the study, scientists (scientific
activity - SA, N = 126) and people not associated with science (NSA, N = 144). IQ was
measured using the Eysenck test. In computerized experiments 3 forms of attention were
studied in the Attention Network Test, lateral characteristics of the motor component
of the orienting reaction were studied in a modified version of odd-ball test. The study
of memory was based on dichotic listening task memorization of syllables and shapes.
Genotypes of 5-HTTLPR (S/ S, S/ L and L/L) was determined using polymerase chain
reaction.

Results: Regardless of the other factors S/S genotype carries 5S-HTTLPR of
polymorphism demonstrated higher intelligence in comparison with L allele carries
having higher transcriptional activity. Association of 5S-HTTLPR polymorphism with
characteristics of vigilance and orientation differed in SA and NSA groups: among S/S
genotype carries vigilance was significantly higher in the SA than NSA and the orienting
effect was more pronounced in NSA group compared to SA in carriers of L/L genotype.
High Intellectual activity was a factor preventing age-related verbal memory decline. It
has been found that only in women S/S genotype carries, demonstrated better memory
for syllables and shapes.

Conclusion. The results indicate that associations 5-HTTLPR polymorphism
with cognitive functions are modulated by sex and intellectual activity. It may be
hypothesized that positive qualities of S/S genotype which were found in our study are
possible evolutionary advantage to conserve the S allele in human population, which
may counterbalance its disadvantage of vulnerability to mood disorders.
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Motivation and Aim: The search for genetic markers associated with the development
and course of depressive disorders, will allow developing effective methods of diagnosis
and treatment of the disease [1, 2]. Modern studies indicate the involvement of PIP5K2A
kinase in the pathogenesis of depressive disorders and schizophrenia spectrum disorders
[3]. The mechanisms underlying the therapeutic effect in chronic lithium treatment for
bipolar affective disorders, is associated with differential expression of genes associated
with phosphoinositide metabolism, including PIP5K24 [4].

The aim of our study was to assess the effectiveness of therapy current depressive
episode based on the definition of polymorphic variants rs10828317 and rs10430590
PIP5K2A gene, previously studied by us both associated with depressive disorders.

Methods and Algorithms: We examined 218 patients with depressive disorders were
diagnosed as having current depressive episodes of varying severity within F31-F32,
aged 20 to 60 years who were treated at the Department of Affective States clinics of
Mental Health Research Institute. Assessment of the severity of the current depressive
episode was performed using the scales SIGH-SAD, CGI-S, CGI-I, allowing assessing
the severity of the disease before, on the 14th and 28th days of therapy. The control
group consisted of 147 mentally and somatically healthy donors Russian population of
the Siberian region of Tomsk and Tomsk region) aged 20 to 60 years. As the material
for the study was used venous blood. DNA was isolated by standard phenol-chloroform
microtechnique. Genotyping for polymorphic variants PIP5K24 gene was performed by
polymerase-chain reaction (PCR) in real time using fluorescence on the amplifier “Step
One Plus” company Applied Biosystems (USA). Statistical processing of results was
performed using the program SPSS 20.0.

Results: For studying the link between severity of depression and the assessment of
the effectiveness of the therapy with the PIP5K2A4 gene polymorphism and the study
of dependence of average aggregate scores in CGI-I, CGI-S and SIGH-SAD from
the studied genotypes in patients with depressive disorders before therapy and on the
14th and on 28th day of treatment. Before the treatment, all patients had significantly
high scores on the scale SIGH-SAD, CGI-I, CGI-S, and on the 14th and 28th days of
therapy was observed significant decrease in scores on all scales investigated, which
indicates an improvement in the clinical condition of patients. Our results revealed the
association of the polymorphic variants rs10828317 PIP5K2A4 gene with the score for
typical depressive symptoms on a scale SIGH-SAD to initiation of therapy and with the
score on a scale CGI-S at day 28 of therapy, and rs10430590 PIP5K2A gene shows a
statistically significant association with the score on a scale CGI-S at day 28 of therapy.

Conclusion: Association of polymorphic variants of the gene PIP5K2A with the
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amount of points for typical depressive symptoms on a scale SIGH-SAD with initiation
of therapy and with an average amount of points on a scale CGI-S at day 28 of therapy on
the background of clinical improvement proves the involvement of kinases in PIP5K2A
the mechanisms underlying the therapeutic effect of antidepressants.
Acknowledgements: The study was performed with the support of the scholarship of
the President of the Russian Federation NeSP-1786.2015.4
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HISTONE H3 ACETILATION PARTICIPATES IN MEMORY
FORMATION IN THE HONEYBEE

Zachepilo T.G.*, Lopatina N.G.
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Motivation and Aim: The posttranslational modifications of histone H3 are important
for regulation of gene expression during memory formation in mammals. We studied
activating modification — histone H3 K9/K 14 acetylation — in the honeybee brain 1 hour
after conditioning trials.

Methods and Algorithms: The PER (proboscis extended reflex) paradigm was
applied for honeybee learning. Through 1 hour after the conditioning trials. Brains were
dissected, fixed and mounted in paraffin. Paraffin sections were stained with antibody
against histone H3 K9/K14 acetylation. It had elevated number of stained neurons of
mushroom bodies (associative areas of insect brain) after training.

Results: 1t was shown that increased levels of histone H3 K9/K14 acetylation in
mushroom bodies’ neurons of the trained bees at 1 hours after conditioning trials.

Conclusion: Thus, data obtained show the involvement acetylation of histones into
the epigenetic mechanisms of memory formation in the honeybee.
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ABDUCTIVE REASONING IN PSYCHOTHERAPY

Zavyalov V.Yu.
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Motivation and Aim: A specific effect of psychotherapy can be presented as some
positive possible inner event in the life of the patient, planned and designed by the
therapist. This positive event occurs due to the best explanation of some important facts
for the patient. Numerous other effects of psychotherapy such as placebo, spontaneous
remission, self-regulation, environmental influence are considered to be non-specific
and cannot be planned and regulated by the therapist. Traditionally, the art of interpreting
the symptom is practiced as the main method (intervention) in psychotherapy. The
author believes such interpreting is based on deductive reasoning. The aim of this work
is to reveal the art of speech influence of successful therapists in the practice of using
abductive conclusion abiding the rules of logic abduction [1]. To achieve this, the author
uses formalization of the process of generating effective hypotheses and conjectures,
leading to positive changes in the thinking and behavior of the patient.

Methods and Algorithms: The author has created the model for the best explanation
of the facts based on abductive reasoning described in classical works of Ch.Pierce that
can motivate patients to change their understanding of the problem situation and their
behavior in it. In the author’s early works Dianalysis [2] had been worked out, based
on the phenomenological dialectics by A.F. Losev. In Dianalysis therapeutic hypothesis
were called “therapeutic ideas”. Now the author prefers getting such hypothesis with the
help of abductive reasoning. Abduction is the process of picking out some explanation
of an important fact from the patient experience, which leads to a change in his cognition
and behavior. Criteria for picking out a member representing “the best” explanation
include the simplicity, the prior probability, or the explanatory power of the explanation
and so-called Peirce’s own maxim. The author uses the terminology of Peirce (Case,
Rule, Result) in the construction of the general schemes of the generating hypothesis that
best explains the motive of change in cognitive errors and misconceptions in the patient.

Results: The scheme worked out for abductive reasoning allows to receive non-trivial
hypotheses for explaining the meaning of the symptom and the solution of the problem.
The data obtained allow to formalize the process of «micro-interventions» search in the
psychotherapeutic process [3].

Conclusion: Such approach to generating therapeutic hypotheses-explanations lets
formal scientific methods of work in psychotherapy practice.

Availability: The method has been tested in teaching of psychotherapy and supervision
practice and it can be used for constructing personal agent in computer applications.
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REGULATION OF TREM2 EXPRESSION BY AN INDUCIBLE,
NF-KB-SENSITIVE MIRNA-34A

Zhao Y.!, Bhattacharjee S.!, Jones B.M.!, Dua P.2, Hill ].M."3, Andreeva T.*3,
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*Corresponding author

Aging is a common risk factor for cognitive and memory dysfunction and variety of
degenerative processes and cancer. Genetic deficits and loss-of-function for the triggering
receptor expressed in myeloid cells 2 (TREM2; encoded at chr6p21.1), a transmembrane
spanning, stimulatory receptor of the immunoglobulin/lectin-like gene superfamily,
have been associated with deficiencies in phagocytosis and the innate-immune system
in Alzheimer’s disease (AD), and in other progressive neurodegenerations of the central
nervous system (CNS). In this report we provide evidence that TREM?2 is down-regulated
in sporadic AD hippocampal CA1 compared to age-matched controls. TREM?2 expression
was also found to be down-regulated in age-related macular degeneration (AMD), a
common, progressive deterioration of the human retina associated with amyloidogenesis.
An NF-xB-sensitive and inducible miRNA-34a (encoded at chr1p36.22), up-regulated in
AD, was found to target the 299 nucleotide human TREM2 mRNA 3’-UTR, and down-
regulate the expression of a TREM2-3°-UTR reporter vector. A stabilized anti-miRNA-
34a (AM34a) effectively quenched this pathogenic response. The results suggest that
an epigenetic mechanism involving an NF-kB-mediated, miRNA-34a-regulated down-
regulation of TREM2 expression may shape innate-immune and phagocytic responses
that contribute to progressive inflammatory neurodegeneration.

Acknowledgements: This work was supported by Russian Scientific Foundation
grant Ne 14-44-00077 (the work for gene expression and epigenetic analysis in AD,
normal aging and bioinformatics). Research on the innate-immune response in AD,
AMD, prion disease and in other forms of age-related neurological or retinal disease,
amyloidogenesis, synaptogenesis and brain inflammation in the Lukiw lab was supported
through an unrestricted grant to the LSU Eye Center from Research to Prevent Blindness
(RPB); the Louisiana Biotechnology Research Network (LBRN) and NIH grants NEI
EY006311, NIA AG18031 and NIA AG038834 (WJL).
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Zverkov O.*, Rusin L., Lyubetsky V., Aleoshin V.

Institute for Information Transmission Problems of the Russian Academy of Sciences (Kharkevich Insti-
tute), Moscow, Russia

e-mail: zverkov@iitp.ru

* Corresponding author
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Motivation and Aim: The continuing challenge of the identification of the phyla
Dicyemida and Orthonectida on the phylogenetic tree of Spiralia was addressed.

Methods and Algorithms: We considered 93 species from 16 spiralian phyla. Four
ecdysozoan species were used as the outgroup. The 102 proteomes of 97 species were
in part extracted from public sources and in part (33 proteomes) assembled from the
Sequence Read Archive or own sequencing data. The proteome assembly included
cleaning (using the Sequence Cleaner program and the UniVec and rRNA databases),
transcript assembly (Trinity), and ORF predictions (the TransDecoder program and the
Pfam and UniProtKB/Swiss-Prot databases). Orthologous families were identified by
OrthoMCL-DB. The results presented in [ 1] were used as the basis. Alignments of amino
acid sequences were generated by the MUSCLE program.

Results: The phylogeny reconstructed using the maximum likelihood method
suggested that dicyemids are close to the phyla Gastrotricha and Plathelminthes. Our
data allow that Dicyemida can neighbor Gnathostomulida and Syndermata (rotifers and
acanthocephalans) but reject the position of the phylum within or adjacent to the clade
Lophotrochozoa. According to our data, dicyemids are not regressed annelids, mollusks,
flatworms, rotifers, or other extant phyla. It was also confirmed that Micrognathozoa, the
newest-described animal phylum, is the sister group of Rotifera. Low support of certain
clades and long branch effects suggest finer phylogenetic reconstruction methods to be
applied, and this work is currently in progress.

Conclusion: Data on the taxonomic position of dicyemids have been obtained.

Availability: Currently obtained results are presented on the following Web page:
http://1ab6.iitp.ru/en/dicyemida/.

Acknowledgements: The research was supported by the Russian Science Foundation,
project 14-50-00150.
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PEINEHUSA I AHAJIN3A NGS-IAHHBIX OT KOMITAHUN
ILLUMINA

Gazizova D. (I'azuzosa /[1.)
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KuroueBsie cioBa: //lumina, Anvouocen, NGS, MiniSeq, MiSeq, NextSeq, HiSeq, BaseSpace

Komnanust AnpOuoreH — oQUIMaIbHBIA AUCTPUOBIOTOP MPOXYKIHMH KOMIIAHWU
[llumina Ha Teppuropun PO, benapycu u Kazaxcrana. [Toprdonmno komnanuu [llumina
MIPEACTaBICHO CEKBeHaTopaMu HoBoro nokoseHust (MiniSeq, MiSeq, NextSeq u HiSeq),
CKaHEepoM OMOYHMIOB iScan W MIMPOKUM acCOPTMMEHTOM HaOOPOB JJIsl IPUTOTOBIICHHUS
oubmorek. B ocHOBe paboThl cekBeHaTopoB [llumina nexut camast Hajie)KHas ¥ TOUHAsS
Ha JIAHHBI MOMEHT TEXHOJIOTHsI CEKBeHUpOoBaHMs myTéM cunTe3a (SBS, sequencing by
synthesis).

[ToMuMO TPOAYKTOB [UIsl MOJTYYEHHUS] BBICOKOKAYECTBEHHBIX I'€HOMHBIX JaHHBIX,
[llumina npeanaraer u peueHus it ux o0padoTku. BaseSpace — macmraOHblid, He
uMmeronii aHanoros cepsuc [llumina ans ananusa, XpaHeHust 1 OOMEHa IOJIyYCHHBIMU
JAaHHBIMH, PacIoJIaraloiui IHUPOKUM aCCOPTUMEHTOM MHTYUTHBHO-TIOHSATHBIX MPUIIO-
JKEHUH, TO3BOJIIOIINHI TTOJIb30BATEIISIM, HE UMEIOLINM ONOMH(pOPMAaTHYECKIX HABBIKOB,
KaueCTBEHHO 00paboTaTh CBOM JaHHBIC.

Ceksenaropsl MiSeq n MiniSeq ocHaleHsl IpOrpaMMHBIM 00€CIIeYeHHEM, TI03BO-
JSIFOIMM B ABTOMAaTHYECKOM PEKUME, Cpa3y MO OKOHYAHWHU 3aIyCKa, POBOIUTDH BbI-
paBHMBAHHE MOJYYCHHBIX MOCIIEI0BATEIBHOCTEH HA peepeHc U OCYLIECTBIATh ONpe-
JiefieHue BapuaHToOB (MHcepunu, aeneunu, SNP). [lonp3oBarenn KIMHUYECKUX MaHe-
neii cepun TruSight MoryT aHHOTHpPOBATh U (QUIBTPOBATH OOHAPYKECHHBIC BAPHAHTHI B
VariantStudio, a uccnenoBarensim B oonactat HLA-TunmmupoBaHus u mpenMIDIaHTAIlOH-
HOT'O T€HETHYECKOTO CKPUHHMHIA MPEIOCTABISIETCS] JOCTYI K CHELUAIBHO pa3padoTaH-
HoMYy Uit atux neneit I10.
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