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YBaxaemMble apy3bs!

[MpMBETCTBYIO BacC MO C/iyvato OTKPbITUA o4YepeaHOn, NATon MexayHapoAHOMW Hay4YHO-NPaKTUYeCKOM KOHpepeHLnu
«'nobanbHble yrpo3bl 6UONOrMyeckomn 6e3onacHoOCTU. NpobaeMbl U peLleHns».

BcTpeuun B TakoM popmaTe € KaxkabiM roOM CTAaHOBATCS BCE 60siee NpeACTaBUTENbHbIMM, YTO B MOJIHON Mepe
noATBepXXAaeT UX pacTyLMn aBTOPUTET N BOCTPEOOBAHHOCTb. B aTOT pas B Couun cobpanncb pyKOBOAUTENM
roOCy[lapCTBEHHbIX BEIOMCTB, Hay4HbIX YyYpeXXAeHUN, MEAULIMHCKUX LLEHTPOB M 06LLLECTBEHHbIX 06beAMHEHNN U3 TPEX
LeCATKOB CTPaH, a TakXe Aenerartbl oTpsga MexxayHapoAHbIX OpraHu3auuin.

Bonpocbl o6ecrnedyeHuns 6uonorn4yeckon 6e3onacHOCTN NpMobpeTaroT 0CO6YHO OCTPOTY. ATO CBA3AHO HE TOJIbKO C 00Ul el
HECTabUbHOCTbIO 06CTAaHOBKN B MUPE, HO 1 B HEMAJION CTEMEHN C OTCYTCTBMEM MPOrpecca B AOCTMXXEHUM LIENEN,
3a(PUMKCUpoBaHHbIX B KOHBEHLUM O 3aMpeLLEHUN BUOSTOMMYECKOr0 U TOKCUHHOIO OPYXMUSL.

Poccus BMecTe ¢ napTHEpPaMU N3 APY>KECTBEHHbIX CTPaH NOC/eA0BaTe/IbHO BbICTYNaeT 3a YKpPerneHne KOeKTUBHbIX
MeXaHM3MOB CAEPXXMBaAHNA pa3paboTKM U pacnpOCTPaHEHMS OPYXXMUSI MAacCOBOI0 YHUYTOXEHUS, OCHOBAHHOIO Ha
MCrMOJIb30BAHUM 60/I€3HETBOPHbBIX MUKPOOPraHM3MOB U TOKCMHOB. B 3TOM niaHe npuaaém 60/bluoe 3HayeHne
COTPYAHMYECTBY KaK Ha LUMPOKOM MeXAyHapoA4HOM YPOBHE, TaK MB paMKax perMoHasbHbIX UHULNATUB U OTOBOPEHHOCTEN.

Hawa cTpaHa HeM3MeHHO roToBa OKasblBaTb NMOMOLLb B pearmpoBaHMmM Ha 3KOJIOrMYECcKMe yrposbl— B TOM YMCe Ha
BCIbILWKKN ONacHbIX MHOEKLMOHHbIX 3a60/1eBaHMI— B JIIOO0M pernoHe mupa. Pasymeercs, B3aumoaencTeme B AaHHON chepe
LO0JHKHO OCYLLLEeCTBNATLCSA NPU HEYKOCHUTENIbHOM COBHOAEHUM NMPUHLNMNOB PAaBHOMPAaBUSA U YBaXXEHNSA CYBEPEHNTETA BCEX
rocynapcTB.

YBepeH, 4YTO BXoae KOHDEPEHLMN Bbl CMOXXETe 0OMEHATbCA HAKOMIEHHbIM OMbITOM, HAMETUTb HOBble GOPMbI U
HanpaB/IeHUSA KOHCTPYKTUBHOM COBMECTHOM paboThil.

XXenaro BaM NnogoTBOPHbIX AUCKYCCUIA U BCEro caMoro gobporo.
Bnagumup lyTnH
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2017

Joint statement of the BWC depositories

Strengthening the Biological and Toxin Weapons
Convention

2019

Contribution to the preparation of the 9" BWC
Review conference

2021
COVID-19 Pandemic
Need for close multilateral cooperation

2023
Biosecurity crises and risks

Importance of developing common response
mechanisms
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GLOBAL CHALLENGES: SOLUTIONS
REGIONAL COOPERATION
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«HY>XHO ncxoamTb U3 TOro, YTo
rsiobasibHas cuctemMa
6M06€30MacHOCTU CK1aabliBaeTCcs
U3 YCTONYUBBIX HaLJMOHAsIbHbIX U
pernoHasibHbIX CUCTEM U He

MOXKeT bbITb 0becreyeHa unllb
MeXAyHapoAHbIM CBOOM
npasui K6ETO nan BO3 6e3
HapallynBaHusl NnoTeHUynasa cTpaH-
YYaCTHUKOBY.

A.IO. lNonoBa




«CUHTETUYeckas bunosiorus
Cero/jHs No3BOJIIET He TOJIbKO
MPOU3BOANTb MaHUMNyASALUNN

C CYLLeCTBYHLNMUN reHaMu n
reHomamu, Ho 1 co3gaBaTb
COBEepLLIEHHO HOBbIE
6M0J1I0rNYEeCKMe CUCTEMbI MYTEM
N3MEeHeHUs rnocsae[oBaTesIbHOCTH
HYKJ1IEUHOBbIX KUCJIOT».

C.A. PabkoB
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Frederico Meyer

Permanent Representative of Brazil to the Conference on Disarmament, Chair of the Working Group on
the Strengthening of the BWC




«3a rnocnenHee AecsaTUIeTne Mbl
cTasin cBUAeTe MU
6ecripeLeJeHTHOro YCKOPEHUS B
06/1aCTN CUHTETUYECKON BUOJI0rUm,

peslaKkTUPOBAaHWSI FreHOB U

pa3paboTKu BaKLMH Ha OCHOBE
nnatgopM. 31a peBosIrOLMS,
npeanarasi 6ecLeHHble
UHCTPYMEHTbI A4J151 IPOrpecca, Takxxe
Ka4yecTBEHHO rnpeobpasunna
naHawagpT 6MosI0rn4ecKoro pucKar.
®bpepepunko Meviep




IMOBANBHBIE YTPO3bI BUONOMMYECKOR BE3ONACHOCTH.

MPOBAEMbI WU PELLIEHUA.
10-11 wiona 2025

7 Com, Poccmicran Densna ma

Diana Atwine

Permanent Secretary of the Ministry of Health of the Republic of Uganda
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«Bo3HuKaroLme n NoBTOPHO
BO3HUKarOLLNE NHPEKLNOHHbBIE
3ab0/1eBaHUS 3NNgeMnNYyecKoro
xapakTepa rpoAoJ/KaroT yrpoxKaTb
rnobasibHou 6e30MacHoOCTU B
06/1aCTV 3[]paBOOXPaHEHMUSI.
MacLutab pacrnpocTpaHeHus1 3TUX
anugemMunm 0CoO6eHHO yBeJTMYNIICS U
yCUncs rnog Bo3AeNCTBUEM
MHOIMX (hakTopoB, CBSI3aHHbIX C
HaynoHaJIbHOU U rinobasim3aymnoHHOU
ANHaMUKON».

lnaHa ATynHe
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«Bo3pacTaroLyas CJI0XXHOCTb
r;106as1bHOro NaHALagpTa 6Moyrpos,
XapakTepun3ayroLjasics eCTECTBEHHbIM
MOSIBJIEHNEM, CJly4arHbIM
BbICBOOOXXAEHNEM M MpegHaMePEHHbIM
HernpaBoOMEPHbIM UCMO/Ib30BaHNEM
610/I0rNYEeCcKnX areHToB, TpebyeT
co3JaHnNsl HaEeXXHbIX MEXAYHapOaHbIX U
pernoHasibHbIX CUCTEM 6MO3aLUNTBI.
30POBbE XUBOTHbIX AIBSAETCS
I (pyHAamMeHTaslbHON OCHOBOM 3TOW
6e30MacHOCTM».
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HearensHocTb AreHtcTBa CLUA no MexayHapoaHomy passmmﬁ (USA_IB)
B pamMKax peanusauuu NporpaMm ABOWHOIO Ha3HayeHus '

Bianmopenctemne USAID Monck HOBLIX WTaMMOB KOpoHaBupycoB komnaHren EcoHealth Aliance
c BepoMcTBamu CLLA

(=)USAID
Ii .'5_‘?

"} u_{_‘,‘;oﬁ FROM THE AMERICAN PEOPLE

ArertcTRo CLUA no memayHapoakomy pasawTiio (United States Agency for
International Development, USAID) cospgaso B 1961 rogy W REARSTCH
denspantHBIM OPraHOM roCyA3prTEsHHOND ynpasnenus Coagunénue Wraros
B DONACTH OKHA3AHWMA NOMOLA JAPYTHM FOCYASPCTBAM M NOAGSPMEM MK
pazeuTua. Bserogroil BogxeT aredTeTea coctaenaer 30-50 mapa gonnapos
(e tpeguem owono 1% depepansucro Gopsera CLWIAL  umcnensocts
coTpyApmkos — Bonee 10 ThicAY, W3 HOTOpLX Jg@e Tpetw paboTanu sa
npegeramy CLLUA.
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HAEHWOTOHOMI W AETY M Mb e,
REMRIOWHLER WX NEPCHOCHHIIMI

OrpaboTka CoegMHEHHBIMK LUTaTaMn AMEpNKK QeHCTBMH B YCNOBMAX
3NMOEeMWN paHee HEW3BECTHOIO KOpoHaBupyca
KOHGhrIUKMOE, yAyYueHUIo Kayecmea _ =
HKUSHU U noﬁéepmxe deMokpamuu & : } Ever EVENT
pa3susarouiUxcs cmpaHax Mupa ' 261

TTIOBAMGHbAE ¥T PO BHONDIMIECKOR BEIONACHOCTH.
MPOBNEMbI W PELLEHHR

10-11 mowen 2025
* D, Fotwics o Dumsnsses

Yyacmue 8 6opbbe ¢ BUY-ungpexyued, 8080 wrpat wogenmpoeinas mpousce

my6epkyne3oM U Bpysumu 3abonesaHusimu

i How
Hemonpanmescsan pecyGnmie Koo HirepHA mmpou‘mpyoa NEPAAARAEMOrD SHAANT

Mopgsmms Hemen
Hpunmms At avmctan ':::‘:uw # COMHAM M gafsE k
Janagpest Geper w cewrop fasa HOMOHBIA Cyan -é-;a;-




TMOBANBHBIE ¥TPO3bI BUONOTMYECKOR BE30MACHOCTI
| NPOBNEMBI W PELLIEHMA.,




«bnobesonacHoCcTb — 37O
rnobasibHas rpobsiema, KoTopas
3aTparmBaet obLyme NHTepecsl
Bcero yesiopeyectBa. Mbi
JOJKHbI jlencTBoBaTb Ha OCHOBE
rnpaBunJiIbHOU pusocopun.

B HacTosLee BpeMs
nccsef0BaHNE N NPUMeEHEHMNE
HayK O XWU3HU JOCTUIIN
6ecripelyeJeHTHOro ypOBHSI».

BaH [lacrod
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PROBLEMS AND SOLUTIONS
June 10-11, 2025
Sochi, Russian Federation

V INTERNATIONAL CONFERENCE
@ GLOBAL BIOSECURITY CHALLENGES.

CRITICAL TECHNOLOGIES TO CREATE
ARTIFICIAL NATURE-LIKE SYSTEMS
BY MEANS OF SYNTHETIC BIOLOGY

TECHNICAL AND MORAL ASPECTS OF CONTROL

Vadim M. Govorun
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FROM A ONE DIMENSIONAL SEQUENCE
\ TO AMULTIDIMENSIONAL STRUCTURE

IMOBATLHLIE YT PO3bI BHONOMMMECKOR BEIONACH
TIPOBAEMB! I PELIEHIS, o

10-1 wions 2025
1. Lo Prccwicnm Seapgaems

Before the modern stage of DNA
analysis using complex heuristic
algorithms encoded in neural
networks, DNA was thought of as a
one-dimensional molecule in which
information was located within one
coordinate.

Modern Al capabilities have made it
possible to predict such changes that
can be projected onto objects of
varying complexity.

The idea of homology is no longer
self-evident.
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SYNTHETIC BIOLOGY — THE BASIS FOR THE DEVELOPMENT CBM |
OF TECHNOLOGIES AND KNOWLEDGE ettt

CHCTEMHDA EMONOTHA 1 MEDWLMHE

SYNTHETIC BIOLOGY is a scientific field in biology that deals with the design and creation of biological systems

with given properties and functions, including those that have no analogues in nature.

_{ Systems (bacteria, yeast, plants) J
P ™ ¥4

Binlogy TDP D_OW“ —_— [ Links (regulatory networks/pathways) ]
Maodification of an ¥4

existing life form P [ Modules (reactions)

SYNTHETIC

Engineering A \ ()
: _ —— BIOLOGY “Bottom Up”
Ma!hematu:s Creati N Parts (DNA sequences, genes, promoters,
T i =3 reaf e Ratihhi = operators, transcription factors, etc.)
Life Form .
—[ Constituents (nucleotides/amino acids) J
v v v v w
[ Biosensors ] [ Biofuel ] l [ Bioremediation ] [ Synthetic cell ] [ Artificial énzymes J
A 4 r L J
( Biomaterials | ( Food | ~ Antibiotics /
Medicines / Agriculture I
Vaccines . :
TNOBANBHBIE
Ly “WFEIBH FIT'IIJIIIJI'HHECKWI BE3OMNACHOCTH,
10-1 oss 2025 “Data does not equal information; information does not equal knowledge; and, most importantly of all,

© Liken Prcosicns Seappmss

knowledge does not equal wisdom. We have oceans of data, rivers of information, small puddles of
knowledge, and the odd drop of wisdom”. Henry Nix
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ARTIFICIAL INTELLIGENCE AND SYNTHETIC BIOLOGY CoM::
HAVE LED WORLD TO ANEW REALITY ol

Linear genome (1D)

S
|

Methods of analysis:

- PCR

« RT-PCR

* Microarrays

« Next-generation sequencing
« MLST analysis

* Synthesis of artificial genomes (natural

and not)
* |nclusion of unnatural nucleotides

(XNA) into genes n-D reality
* Artificial intelligence (alpha-fold, neural

networks, etc.) o

Circuits
il B - Ganome
I ey DNA Platform technologies synthesis
1990 Synthetic Biology 2015
i Organisms fully sequenced
00,000 s27billen | Hyman Genome
US dollars sequencing cost $1,000 US dollars

20 1
= AdchaF s . » Human Entamoeba
£ 15000 casp | Haemopitilus Escharichia 2003 histolytica
g inflvenza coll 2008
3 1995 Saccharomyces
§ oo 1887
#

il | Padilla-Vaca F, Anaya-Velazquez F, France B. Synthetic biology: Novel
acgane -,"‘.,""’l";{;__' bk iacataai o Sl approaches for microbiology. Int Microbiol. 2015 (modified)



CHEMICAL SYNTHESIS OF DNA CpoM:«

A HO-HCETNENOBATE NBCKHA MHCTHTYT
[= ! WA 1 MEDHLMHE

1950-e 1955 1960-e 1972 1981 2002 2003 2003 2008
o o o N
Har Gobind Boyer & Letsinger & Reese Har Gobind
Khorana et al. Sinsheimer A phosphotriester Khorana et al. Caruthers & Hood
A phosphodiester DNA fragments appreach to The first complete Automated Smith et al. Tumpey et al. Gibson et al.
method for successfully oligonuclectide gene, yeast tRNA, phasphoramidite Cello et al. Whole genome Synthesis of the Chemical synthesis
synthesizing synthesized in synthesis has been has been synthesis of Chemical synthesis bacteriophage 1918 Spanish Flu of the Mycoplasma
aligonucleotides \\ bacteria _/ developed Y, synthesized \_oligonucleotl'des/ of poliovirus cDN.jl/ $X174 assembly \_ Virus genome - genitalium genome
/_ 2010 2010 /._ 2011 2014 Vo 2016 2016 2017 /_ 2019
/_ /_ Shenetal.,
Xie et ol,,
Mitchell et al.
Wu et al.
Gibson et al. Dymond et al. Annaluru et al, Zhang et al.
Chemical synthesis Gibson et al. Synthesis of a part Chemical synthesis Hutchison et al. Ostrov et al. Chemical synthesis Fredens et al.
of the mouse Chemical synthesis of the chromosome of chromosome 1l Synthesis of a Synthesis of 57- of I, V, VI, X, XII Total synthesis of
mitochandrial of the Mycoplasma of of minimal bacterial codon genome of chromosomes of E. coli with recaded
\ genarme _/ mycoides genomsy \\ S. cerevisiae Y, \ S. cerevisiae j X genome o \ E. coli Y, k S. cerevisiae /" \‘_ genome Y,

What'’s holding a scientist back from synthesizing

a modified, rather than a natural, synthetic genome?

TNOBANBHBIE YT PORL! i .
o SCRORHOCT How dangerous can it be?

10-11 wiowia 2025
¥ v Pocewicon Gugtpmgn

Weimin Zhang et al., Synthetic Genomes
Annu. Rev. Biochem. 2020. 8%:77-107 LAl B0 b S Gh-0




DEVELOPMENT OF SYNTHETIC BIOLOGY MADE IT POSSIBLE
TO INCLUDE UNNATURAL NUCLEOTIDES (XNA) INTO GENES

CoMe«

A HO-HCENENOBATE NBCKHA MHCTHTYT
CHETEMHOR BADHOTWA ¥ MERHLAHE!
POCTOTPESHALIOPA

DNA is a macromolecule that stores,
transmits from generation to generation
and implements the genetic program.
What happens if you expand the DNA code
with additional letters?

In 1989, Stephen Benner
and his group added two
new nucleotides, P and Z,
to the cell's genetic code,
resulting in 6-letter DNA.

4-letter DNA can only
code for 20 amino
acids,

6-letter DNA can code
for 10 times more
amino acids.

FNOBABHBIE YT POAL! BUONOMYECKDR BE3ONACHOC
MIPOBNEMbI H PELIEHMS, H

10-11 mems 2025 D
. Cven Pncwienns Qegemups

A: Base modifications

WE gow W o W 0_\_.\ f; _._? i 3 nll N, y ; Be
1 } o ~‘_-:_ i .'N {n »n: J "'n # :_u " n-rn o % Ntk P, = iq"
E h LR - S ) n ”_u - w o nl |
: o £ . " : ) 4 Daughter
" = = strands
T iy € Vi . AR LN :
43 4
LR hd \n- o T \ b
1 -. [, 1 >
e . Nucleotides are composed of bases, five-
- I LY i carbon sugars (ribose or deoxyribose), and
L phosphate groups, all of which can be
HNA U Base =
. = modified:
R - ! (A) XNA with base modifications;
R R
& ¢ & 1 R (B) XNA with sugar modifications;
rio-n W0~ o i (C) XNA with phosphate modifications.
0 o o

Liu F et al. Artificial small molecules as cofactors and biomacromelecular building blocks in
synthetic biology: design, synthesis, applications, and challenges. Molecules. 2023
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CREATION OF SYNTHETIC ORGANISMS

WITH ADEVIANT GENETIC CODE

/\

N

USING DEGENERATE CODONS TO

ENCODING NEW AMINO ACIDS LODON THANSCODING

e—
/ CREATION OF A NEW GENETIC
EDITING THE EXISTING GENETIC CODE (TRIPLET CODE
CODING) (QUADRUPLET ENCODING
IMPLEMENTED)

allows the use of many non-
canonical amino acids for protein
synthesis

Engineering of tRNA, tRNA
aminoacyltransferases and
ribosomes

|

Engineering of tRNA and tRNA
aminoacyltransferases
s Y
"o, L~
" oy "\.,.

............

Triplet (regular)
coding

Quadruplet
coding




CREATION OF ARTIFICIAL ENZYMES

FHE i MEQHLAHE)

Nonnatural amino acids (nnAA) have been successfully used to modify enzymes to EXAMPLES OF NONNATURAL AMINO ACIDS (nnAA)
increase activity, stability, and selectivity. 7h/s has even allowed researchers to — — —
. . . . . azions nnAA tructural a et i
discover new calalytic reactions that are not available in nature.
Drienovsk3 |, Roelfes 6. Expanding the enzyme universe with == | e e
. . . e
genetically encoded unnatural amino acids. Nat Catal 3, 2020, Approaches to the development of artificial e E
enzymes: FFF & acerpherybadimine i A PTE |
~ |
A) ¥ Computer design of modified and chimeric s PO ————— = . P
— enzymes, enzyme complexes with new kk
substrates. =+ = ey o e
¥ Design of systems for the selection of modified ~
<0 = artificial and chimeric enzymes with the necessary * S W R
B) |, sty characteristics. S
e oy Bul GHert-butyF-tyrosme i1 £
® } v Development of platforms for the directed .
Sxaia il mds iRt . evolution of properties, functions and substrate - P e ; )
3 ydroptolic pote ’ specificity of enzymes /n vitro and in vivo. Ee O3 meraptoctty -y eine P s
m=1, 5y
¢ 4.8 s3el v Creation of /n vitro systems for obtaining S O b mescaptocthyl L Ayvsune bt
»ge] enzymes with an expanded amino acid ) R i
| —! composition and study of their properties. - s s -
De novo design ¥ Development of enzymes with reduced activity Uk N
of side reactions and study of their impact on the T U A e
Hanreich § ef al. Design of artificial enzymes: insighits stability of the systems served /n vitro and in - i e e L
IMOBAMLHBIE ¥TPO3bL BUONDMMYECKDI BE3OMACHOCTH, into protein scaffolds. ChemBioChem 24(8), 2022 vive. o : i
MPOBNEMBL W PEWLIFHWS, Ty ” v\miliil::‘ﬂl\.li T 7' > Meo
10-1) motin 2025 - |
¥ Coron. Poctuicems Dogepumgms i w3
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TMOBANBHIE YTPO3b! BUONOMMYECKRA BESOMACHODTH.
NPOBAEMBI A PELLIEHUS,

10-11 miown 2025
. i, Poctwicuss Degmpmm

IS AlphaFold A REVOLUTION IN STRUCTURAL BIOLOGY? CE

Important aspects

In the CASP13 competition (2018), the "newcomer" AlphaFold (v. 1) suddenly showed the highest prediction
accuracy: (GDT) = 75%.

Two years later (in CASP14), the template was broken for the second time: AF2 showed an average quality of
models (GDT) = 90%, producing "atomic accuracy" and significantly outperforming its competitors.

AF2 is built on a "transformer" neural network that predicts 3D protein structures directly from the sequence,
without directly using a template*.

» Together with EMBL, the AlphaFold Database was released, containing 200M (!) predictions
= Trained on 170K 3D protein structures from the PDB and contains 170M parameters

2024: AlphaFold 3

* Template(s) are used, although they are not required.

Critically important is the use of multiple sequence alignments (MSAs) with giant TN e TIOHS Loaat
(RMA polymerase domain) (adhesin tip)

metagenomic databases that did not exist 10 years ago.

® Experimental result

®Computational prediction

Credits: Anten Chugunov



NEW HORIZONS FOR PREDICTION IN MULTIDIMENSIONAL CpopM:
REALITY rontiss

TELCEATEMBLCKAA HHCTITYT
IO W METMLAHE!
TICPA

AlphaFold is aimed at predicting cellular structures, viruses gy
and other complex molecular biosystems, and also allows

for the formation of a generalized understanding of the

structural principles in biomolecular organization.

Odai R, Leemann M, Al-Murad T, Abdullah M, Shyrokova L, Tenson T, Hauryliuk V, Durairaj J,
Pereira J, Atkinson GA. The Viral AlphaFold Database of monomers and homodimers
reveals conserved protein folds in viruses of bacteria, archaea, and eukaryotes.

bioRxiv 2025.05.714.653371; doi: https.//doi.org/10.1101/2025.05.14.653371
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7BBV — Enzyme: AlphaFold 3's prediction for a molecular complex featuring an
enzyme protein (blue), an ion (yellow sphere) and simple sugars (yellow), along
with the true structure (gray). This enzyme is found in a soil-borne fungus
(Verticillium dahliae) that damages a wide range of plants. Insights into how

this enzyme interacts with plant cells could help researchers develop healthier,
more resilient crops.
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ARTIFICIAL INTELLIGENCE — A MODERN
PANDORA'S BOX OR INNOVATION?

Not all knowledge obtained with the help of
AlphaFold and other Al algorithms is safe.

Protein modeling algorithms allow changing
up to 30% of the amino acid composition

of a protein while maintaining its structure
and function.

For example, a synthetic virus with genome

encoded a sequence of a modified protein. The

function is the same, BUT:

» antibodies do not recognize this antigen;

* methods (proteomic analysis, ELISA, etc.)
do not allow to detect it.

l

What should be the algorithm
to recognize this?




ALGORITHMS TO WORK WITH "PANDORA'S BOX"

KEY IDEA direct interactions between amino acid residues of a protein molecule are
“imprinted” in evolution and in genes. Therefore, this information can be
“extracted” from the alignment (MSA) of various homologous proteins using
PSI-Blast, HMM and Al.

But where can you get truly big data?
Improved MSA (o) 3D-Contact
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ANALY SIS OF k-MERS IN LONGITUDINAL METAGENOMIC DATA

. 2024 2025 2026
Metagenomes > i I = aEEE EEs
@ k-mers allow to detect organism growth
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e with long reads (> 1000 bp), which are

translated to amino acids.

. Instead of k-mers, assembled contigs or
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. K-mers
language models can be used.
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ANALYSIS OF k-MERS IN LONGITUDINAL METAGENOMIC DATA
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k-mers allow to detect organism growth
without using a database of known
sequences.

The identified short sequences are correlated
with long reads (> 1000 bp), which are
translated to amino acids.

Instead of k-mers, assembled contigs or
their representation obtained using large
language models can be used.

The applicability of the method requires
longitudinal unified collection and analysis of
material from uniform sources.



B HacrosLlee BpeMs UCKYCCTBEHHbIN MHTEJI/IEKT YacTo
TPOTUBOINOCTAaB/IAETCA UHTEJIJIEKTY YeJI0BEKA.
HeogHokpaTHo rnog4yepkunBasiocs, YTo CyLEeCTBYIOLNM
cucremam UM He xBaraet 3HaHNUU O peasibHOCTU U
Ye/10BeYEeCKNX CMbIC/Iax.

[pu aTOM, €ecTb ofgHa 061acTb, A1 Pa3BUTUS KOTOPOW
YyesloBeYeCKUE CMbICSIbl HE CTOJb CYLLLEECTBEHHbI MU
aXke BpeHbl. ATO UHXKEHEPUSA CUHTETUYECKUX
OPraHn3MoB U NX 3JIEMEHTOB.

KoBuAHbI KpU3NC Nokasasn Bce TPYAHOCTU 6bICTPOM
aganTaummn K HOBbIM peasiusiM B MacluTabax BCero
obLlecTBa.

Hosnr Hay4Horo cooéu;echa — Hé TOJIbKO co3fgaBarb
HOBb/e TEXHOJIOMMH, HO U rIoMorartb 4esioBe4decTBy B
agariraynn K rocsieqCcrBUaM UX rpUuMeHeHUA.

B.M. [ oBOopyH

#HoBocTu_PocnoTtpebHaasopa
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