School of molecular
and theoretical biology

SMTB-2022t

e
¢
G:
g
A
OO

n
&
S B —

|
< S a
|

%«\
Wy

N~ P Petrovax  hhmi



SMTB-2022t Labs
JTabopatopumn LLIMTB-2022T1

Lab01 Bioinformatics Lab // JlTabopaTtopusi GuornHdopMaTukn

Lab02 Prairie Vole CRISPRI group // 'pynna CRISPRI cTenHbIx Nonésok

Lab03 Bacterial Genetics for Beginners // BaktepuanbHas reHeTuka gnsi HauMHaLWmMX

Lab04 Laboratory of Transcriptional Memory // JlabopaTopus TpaHCKPUNLMOHHOW NamMATH
Lab05 B cell immunology and antibody lab // JTabopatopua uMmyHonorum n aHtuten B-knetok

Lab06 Computational Genomics lab (Mangul lab) // NNaGopaTopus BblYNCAUTENBHOW FEHOMUKN
(JTabopatopua MaHryna)

Lab07 Coronavirus interactome lab (“Minni” lab) // laBopaTopusa nHTepakToMa KOpOHaBUPYyCoOB
(“MuHHK"-nabopatopus)

Lab08 Automated experimental evolution // ABTomaTuanpoBaHHas aKkcnepumMeHTanbHas 3BonoLmUs

Lab09 Unknown Protist lab // JlTabopaTopusi HEU3BECTHbLIX NPOTUCTOB
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Lab01 Bioinformatics Lab // JTabopatopna 6uonHgopmaTmkm

Group leader: Olga Bochkareva // Pykoeodumensb: Onbra boukapéea
Team: Lada Isakova, Sofia Buyanova // CompydHuku: llapa Ncakoa, Cocbsa BysHoBa

Project 1. What does the protein sequence universe look like?
Project leader Lada Isakova

What is this project about?
Different organisms have a lot of similar genes. For example - nearly all vertebrates have hemoglobin

genes performing a similar function and resembling each other by sequence. In most cases, such genes
evolve from a common ancestral gene and are called orthologs. Some genes are more conserved than
others and retain nearly the same sequence even after hundreds of millions of years of independent
evolution, while others can have almost entirely different sequences in the closely related species.

The evolutionary distance between biological sequences can be
displayed on the N-dimensional map called sequence space where
sequences are represented by individual dots. In this project, we are
interested in the geometrical proprieties of this protein sequence space.
Same as we can say that a line is 1-dimensional, a sheet of paper is
2-dimensional and a sphere is 3-dimensional, we will find out whether
the set of sequences of a particular protein rather resembles a patch of
tissue, a donut, a sphere or something multidimensional and complex,
that may even be impossible to imagine with our 3D-adapted mind. The
shape and the dimension of the protein sequence space may contain
information about the fundamental constraints on the evolution of
individual proteins.

What are we going to do during this project?

We have previously developed a way to measure the dimension of a space occupied by homologs of a
given protein. Our preliminary data indicates there is a correlation between the dimension of a protein
family and its conservation level as well as the selection strength on the protein sequence. We will test how
robust is this estimation if we take random subsamples of sequences or proteins from groups of organisms
on a phylogenetic tree. We will also compare the dimension of the corresponding protein orthogroups at
the different evolutionary levels (for example - genus, class, and domain) and subfamilies of proteins
formed by accumulation of mutations in gene copies (paralogs).

What will you learn?

To analyze different types of data (alignments, matrices, tables) using basic bioinformatic programs
(command line and graphical interface), write and run Python scripts, apply statistical tests, and interpret
the results.



Project 2. Analysis of human disease with exome sequence association data
Project leader Sonya Buyanova

Genetic diseases may be caused by a single well-studied mutation, or may
be associated with changes in multiple genes that together increase the
likelihood of developing the disease. They are called complex or polygenic
diseases. There are methods that allow to trace the relationship between
the disease and underlying genetic factors, and 54189 articles have been
published on the most popular of them, called genome-wide association
studies (GWAS). Despite the amount of research, it is still difficult to e r—'--——~
understand exactly what function of the protein was altered by a particular *
mutation, which molecular processes will be affected and how this B _ \

contributes to the phenotype. We will explore the existing data to suggest a / i

solution to this problem.

What are we going to do during this project?
In a study of 450 thousand human exomes researchers calculated associations of coding single nucleotide

polymorphisms (SNPs) with nearly four thousand phenotypic traits, such as diabetes, BMI and height. We
will use their results limiting them to those SNPs affecting amino acids in ligand binding sites to answer the
following questions: Which biochemical pathways these changes alter? Which cells are the most affected?
Is there any other data or literature that can help us understand how exactly these SNPs are connected
and how they influence the human body?

What will you learn?
How to work with a large amount of different genomic information, such as expression data (GTeX, Human

Protein Atlas, GEO), GWAS and seqWAS summary statistics. You will apply exploratory data analysis,
statistics and biologically interpret the results.

I

MpoekT 1. Kak BbIrnaguT BceneHHas 6enkoBbIX nocnegoBaTefibHOCTEN?
PykoBoauTenb npoekTa: Jlaga MicakoBa

O yeM 3TOT NPOEKT?
PasHble opraHM3Mbl UMEIOT MHOIO MOXOXMX reHOB. Hanprumep - NoYTK y BCeX NO3BOHOYHbIX €CTb EHbI

remorno6uHa, BbINOMHAOLWME aHaNOrMYHY0 OYHKUMIO U MOXOXUE APYr HA Apyra no nocrnefoBaTelbHOCTU.
B GonbLlUMHCTBE Cry4aeB Takue reHbl MPOoM3oLWsIvM U3 O4HOrO NPEAKOBOro reHa U Ha3bIBalTCsl OPTONOramu.
HekoTopble reHbl 6ornee KOHCEPBATMBHbI, YEM APYrie, U COXPaHSIIOT NMOYTU TOYHO TaKyHo e
nocrneaoBaTenibHOCTb AaXe Nocre COTEH MUMTIMOHOB NET HE3aBUCKMMOW 3BOMOLMM, B TO BpeMS Kak apyrue
MOTYT UMETb O4YeHb pasHble NocneaoBaTeNbHOCTU Aaxe cpean 4OCTaTOuHO Grnn3kMx BUOOB.

OBOMNIOLMOHHOE paccTosiHMe Mexay MnocneaoBaTeNbHOCTAMU MOXHO oToOpas3uTb Ha N-mepHon kapTe,
Ha3blBaeMOM MNPOCTPaHCTBOM  MOCMNefoBaTenbHOCTEN, rOe  NocnedoBaTenbHOCTM  NpeacTaBneHbl
oTaenbHbIMM  Toykamu. B atom npoekte Hac 6yayT WHTepecoBaTb T[eOMETPUYECKME CBOWCTBA
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npocTpaHcTBa 6enkoBbIX NocnegoBaTenbHOCTEN. Tak Xe, Kak Mbl MOXeM
cKkasaTb, YTO NWHWS oOpgHOMepHa, nucT Bymarn aBymepeH, a cdepa
TpexmepHa, Mbl BbISICHUM, SABNSETCH nm COBOKYMHOCTb
nocneaoBaTernibHOCTEN TOro UM MHOTO BGernka ckopee NOXOXMM Ha KIOYEK
TKaHM B MNPOCTPaAHCTBE, MOHYUK, cdepy UM 4YTO-TO MHOMOMEpHoe W
CNOXHOE, YTO HEBO3MOXHO MNPeACcTaBUTb C Hawum BoobpaxeHuem
agantupoBaHHbiM kK 3D wmupy. Mbl npegnonaraem 4to dopma M
pasMepHOCTb MpOCTpaHcTBa 6enkoBbIX MNocnegoBaTenbHOCTEN MOTyT
cogepxatb UHQopmauMio 0 dyHAAMEHTamNbHbIX OrPaHUYEHUsX Ha ‘
9BONIOLNIO OTAENBHbIX 6ENKOB.

Yto mMbl Oynem genatb?

PaHee mbl pa3paboTanu cnocod nsamepeHns pasmepHOCTU NPOCTPaHCTBa, 3aHMMAaeMOro roMmorioramm
AaHHoro 6enka. Hawwm npegBapuTenbHble pacyeTbl MOKa3bIBatoT, YTO CYLLECTBYET KOppensauns Mexay
pa3MepHOCTbI0 cemencTBa GENKOB U yPOBHEM €ro KOHCEPBATUBHOCTU, @ Takke cunon otbopa Ha
nocnegoBaTenbHOCTL OENKOB 3TOro ceMerncTea. B xoge npoekta Mbl NPOBEPMM, HACKOMNbKO YCTOMYMBA 3Ta
OLIEHKA Ha pasHbIX 9BOJTOLIMOHHBLIX PacCTOSAHUNAX. [N 3TOro Mbl BO3bMEM pasHble NoABbIOOPKM HaLUNX
AaHHbIX, KaK Crny4variHble, Tak U COOTBETCTBYIOLLME rpynnamM OpraHn3MoB Ha oMNOreHeTMYeCKOM AepeBe.
Mbl Takke CpaBHUM pa3MepPHOCTM COOTBETCTBYHOLNX GENKOBbIX CEMENCTB Ha Pa3HbIX 3BOSTHOLMOHHBLIX
pacCcTosHMAX, a TaKkke pa3mMepHOCTM NoACEeMENCTB NPU 3BOMIOLMOHHOM PacXOoXaAeHMUM Konuii 6enkos
(napanoros).

Yemy Bbl HayunTecb?

O6pawatbcsa ¢ pasHbiMU TUNaMmm BMONOrMYECKMX AaHHbIX (BbIpaBHUBAHUSA, MaTpuULbl, Tabnuupl),
aHanuanpoBsaTtb UX C NOMOLLbIO BUONHOPMaTUYECKUX NPOrpaMMm, NMcaThb U 3anyckaTb CKpunTbl Ha Python,
NPUMEHATb CTaTUCTUYECKME TECTbl U MHTEPNPETUPOBaTh pe3ynbTaThl.

MpoekT 2. AHanNu3 accoumaLmn KogMpyroLwmnx obnacrten B 3aboneBaHMAX YenoBeka
PykoBogutenb npoekTa: Codbs bysHoBa

O 4yeMm 3TOT NPOEKT?

leHeTuyeckne 3aboneBaHua ObiBalOT BbI3BaHbl OOHOW  XOPOLLO
N3y4yeHHOW MyTauuen, a ObiBalOT CBA3aHbl C W3MEHEHUSAMUM BO
MHOXECTBE T[EHOB, KOTOpble B CYMME MOBbIWAKT BEPOATHOCTb
pa3utns 6onesHn. OHWM Ha3bIBAlOTCA KOMMMEKCHbIE UMW NOMUreHHbIe
3aboneBaHuda. CyLLeCcTByHOT METOAbI, KOTOPblE MO3BOMSAT NPOCNeaUTb
CBA3b Mexay 3aboneBaHMEM W reHeTMdyeckuMmn paktopamn, W,
Hanpumep, nNO camMoMy nonynspHomy u3 Hux (GWAS) ©6bino
onybnukoeaHo 54189 craten. HecmoTpsa Ha  KONMYECTBO
nccneqoBaHWK, BCe ele TPYAHO TOYHO MOHSATb, Kakas dyHkums 6enka
HapyLlleHa KOHKPETHOW MyTauuen, Kakue MOnekynsipHble npoLueccsl
3aTPOHYThI M Kak 3TO BNUSET Ha peHoTun. Mbl n3y4mm CyLLecTByoLLne
AaHHble, 4Tobbl NOMNbITaTbCA NPEANOXUTL PELLEHNIO 3TON NpobreMbl.

Yro Mbl Oyaem genatb BO BpeMsAl 3TOro npoekra?
HenaBHO nccnegosaTeny nocuMTany accoumaumm KOQMpYoLWMX 0gHOHYKNEOTUAHbBIX NOAMMOPdN3MOB
(SNP) B ak3omax 450 Tbicsd YenoBek ¢ NoYTH 4 ThicA4aMu PEHOTUNNYECKUX NPU3HAKOB, TaKMX Kak anaber,

5



UMT u pocT. Mbl otcopTupyem n3 SNP TonNbKO Te, KOTOpble M3MEHAIOT aMUHOKUCIIOTbI B canTax
CBSA3bIBAHMSA NUraHOoB, YTOObI OTBETUTL Ha criegytoLlme Bonpockl: Kakme bnoxmmmudeckne nyTn HapyLlatoT
3T n3ameHeHna? Kakne tmnel KneTok 6onblue Bcero noctpagatot? Ectb nu kakne-nnbo gpyrme gaHHbie
UIn NuTepaTypa, KOTopble MOryT MNOMOYb HaM MOHSATL, Kak MUMEHHO cBsi3aHbl 3T SNP 1 kak OHM BNUSAIOT Ha
opraHn3m 4enoseka?

Yemy Bbl HayuuTecb?

HaxoguTb n pabotaTtb ¢ 60MbLWMM KONMYECTBOM Pa3HOM FEHOMHOW MHOPMaLUK, Hanpumep ¢ AaHHbIMK
akcnpeccun (GTeX, Human Protein Atlas, GEO), GWAS n seqWAS summary statistics. lNMpumeHatb
exploratory data analysis n cTaTUCTUKy, UHTEpPNPETUPOBaThL pe3ynbTaThl.



Lab02 Prairie Vole CRISPRI group // 'pynna CRISPRI cTenHbIx NonéBok

Group leader: Zoe Donaldson // PykoeoQumenb npoekma: 3ou [JoHanbACOH
Team: Liza Brusman, Julie Sadino // CompydHuku: Jlu3a bpycmaH, Ixynu CagmHo

Very few mammalian species pick a mating partner for life. One such animal is a small rodent that lives

in North America called the prairie vole. Unlike lab mice and rats, prairie voles form lifelong partnerships
called pair bonds. Scientists have brought prairie voles into the lab to study what makes their brains
capable of forming and maintaining pair bonds. In this project, we will develop new tools that we can use to
change the expression of genes in the brain. By manipulating expression of different genes, we

aim to prevent pair bonds from forming or break them after they’ve formed.

In this class, students will learn about CRISPR, a technology that allows us to change gene expression in
prairie vole brains. We will use molecular cloning to build pieces of DNA to target specific genes that we
think could prevent or break pair bonds. The techniques we will use in this course are widely used in
molecular biology, even beyond this specific project.

I

CyuiecTByIOT pegkme BuAbl MiekonuTaoLwmx, BeibrparoLwmx naptTHepa Ha BCHO XU3Hb. OOHUM U3 Takmx
XMBOTHbIX ABMSieTCSA HebonbLow rpbi3yH, obutatowmii B CesepHort AMepuKe - HasbiBaeMbl “CTENHON
nonéskon”. B otnunymne ot nabopaTopHbIX MbILIEN U KPbIC, CTEMHbIE NONEBKM 06pa3yoT NnapTHeEpPCKMne
OTHOLLEHWS Ha BCIO XM3Hb (TakMe OTHOLIEHWS eLUé Ha3bliBaloT "napHbiMK CBA3SMU"). YUYéHble pa3BoasaT
CTeMHbIX NONEBOK B Nabopartopusx, YTOObl N3y4nTb, YTO UMEHHO AenaeT UX MO3r CNOCOBHbIM
dopmupoBaTb U NOAAEPXKMBATL Kpenkue napHble cBA3W. B HaleM npoekTe Mbl paspabaTbiBaeM HOBbIE
WHCTPYMEHTbI, KOTOPbIE CMOXEM MCMONb30BaTb ANA U3MEHEHUS SKCNPEeCcCUn reHoB B Mo3re. YnpaBsnsas
3Kcnpeccunen pasnnyYHbIX reHOoB, Mbl CTPEMUMCS NPefoTBpaTUTL 06pasoBaHMe NapHbIX CBA3EN UMK
pa3opBarb MX Nocrne Toro, kak oHM obpasoBanuchb.

B atom npoekTe yyacTHuku y3HaoT o CRISPR - TexHonorum, Kotopasi N03BonsieT Ham U3MEHATb
9KCNPEeCCUIo reHOB B MO3re NyroBbix Nonesok. Mbl 6yaemM ncnonb3oBaTe MOMEKYNAPHOE KNOHMPOBaHWE
Ansa cosganus parmeHToB JHK, HaLeneHHbIX Ha KOHKPETHbIE reHbl, KOTOPble, NO HALWEMY MHEHWIO, MOTYT
npeaoTBpaTUTbL UMK PaspyLLMTb NapHble cBs3n. Metoapl, KoTopble Mbl ByaeM MCnonb30BaTh B 3TOM
MpoeKTe, LWMPOKO UCMOMb3YHTCS B MOMNEKYNSPHON 6uonornu, B T.4. 3a NpegenamMmn 3Toro KOHKPETHOTo
nccnepoBaHus.



Lab03 Bacterial Genetics for Beginners // baktepnanbHas reHeTuka ong
HaYNHaOLLNX

Group leader: Mike Hennessey-Wesen // Pykoeodumersnb: Mavik XeHHecun-BeseH
Team: Louisa Gonzalez Somermeyer // CompydHuku: Jlyn3a lNoH3anec Comepmeriep

In this hands-on lab course, students will be guided through some of the fundamental techniques of
working in a bacterial genetics or synthetic biology laboratory. We will primarily use Escherichia coli as our
model organism as we explore phage transduction, fluctuation tests, lambda-red recombineering, and other
common techniques. In addition, students will use the skills they learn to address real, open questions in
the instructors' area of research: spontaneous mutation rates.

This lab course is intended for students who want to work in a wet-lab environment but have not yet had
the opportunity. While we will be starting from basics, students who already have some laboratory
experience may also find the course worthwhile as well.

I

B Hawem akcnepnmeHTanbHOM NPOEKTE LUKONbHUKMA MNO3HAKOMSATCS C HEKOTOPbIMW U3 OCHOBHbIX METOA0B
anga pabotbl B nabopatopusax 6akrepmnanbHOM reHEeTUKN N CUHTETUYecKon Guonormn. Mel Bygem
ncnonb3oBaTh, rMaBHbIM 06pa3oMm, Escherichia coli B kayecTBe Halero MogenbHOro opraHnama -
MOCKONbKY Mbl ccriegyem garoByto TpaHCAYKUMIO, NYKTYaUNOHHbIE TECTbI, peKoMBnHaLumto
nambaa-kpacHoro 1 apyrne pacnpocTpaHeHHble MeToabl paboThl ¢ 3TUM opraHnamom. Kpome Toro,
LUKONbHUKM ByayT NCNOMb30BaTh NOMYyYEHHbIE HAaBbIKM ANSA pPeLleHns pearnbHbIX, OTKPbITbIX BOMPOCOB B
obnacTu HalwmMxX Hay4HbIX NCCEeAOBaHNI - N3ydYeHne CKOPOCTM CIOHTaHHbIX MyTauuiA.

Haww npoekT "HaueneH" Ha LWKOMNbHMKOB, KOTOPLIE XOTAT paboTaTb B MUMEHHO B "MOKpPOn"
(akcnepumeHTanbHoM) nabopatopun, HO NOKa HE UMENN Takon BO3MOXHOCTU. U, XOTS1 Mbl HAYHEM C OCHOB,
MPOEKT TaKkKe MOXET OKa3aTbCA MONe3HbIM U A1 LWKOSNIbHUKOB, Y KOTOPbIX YXXe €CTb HEKOTOPbIN
nabopaTopHbIN ONbIT.



Lab04 Laboratory of Transcriptional Memory // JlabopaTtopusi TpaHCKpUNLUWUOHHOM
namaTu

Group leader: Anna Kogan // Pykoeodumenb: AHHa KoraH

Transcriptional memory is the ability of cells to “memorise” a signal and react to it faster and more actively
upon the second exposure. Interestingly, such memory can be maintained in a single cell, inherited for
several generations, and is also reversible. Upon the second pulse of a signal, cells start rapid transcription
of specific genes, which leads to an increase in specific mMRNA and protein accumulation. This
phenomenon presents a rare case when some genes stay in an active (or “primed” state) without being
actively transcribed. It can also turn out to be the cellular basis of “trained immunity” — a physiological
phenomenon where organisms (even the ones that lack adaptive immunity, e.g., plants) still exhibit
increased resistance to secondary infections. Here, we will be studying a line of human cancer cells (HelLa)
and inducing signalling with IFN-gamma — a molecule produced when an organism encounters an
infection. We will aim to understand the dynamics of transcription over time and use it to infer potential
mechanisms of transcriptional memory.

We will look at microscopy images of the cells where the intensity of specific fluorophores corresponds to
the transcriptional levels. Our goal is to use image analysis software and R scripts to get quantitative data
from these images and make plots representing the dynamics of transcription. Ultimately, we will aim to
come up with a hypothesis of how transcriptional memory can occur.

I

TpaHCKpUNUMOHHAA NamMATb — 3TO CMOCOBHOCTL KINETOK 3anoMUHaTh onpedeneHHble CurHanbl 1
pearmpoBaTb Ha HUX ObICTPee 1 akTUBHEE NPY NOBTOPHOM BCTpeye. KneTkn MoryT 4OBOSbHO AOMTO
COXpaHATb Takylo NaMsaTb U AaXe nepegasatb ee CBOMM NOTOMKaM, HO CO BPEMEHEM OHY BO3BpaLLalTCs
B MCXOAHOE COCTOsIHME. [1pn NOBTOPHOW BCTPEYEe C CUrHaNoM, 3anyckaeTcst TPaHCKpMNUus onpeaeneHHbIX
reHoB, B pesynbrate Yyero MPHK n 6enkn, koampyemble aTMMn reHaMmu, HakannmearoTcs ObicTpee.
MonyyaeTcs cnegyowmn NoboNbITHbIM EHOMEH: reHbl NOAAEPXKUBAOTCA B aKTUBHOM UMK
«MOArOTOBIEHHOM» COCTOSIHMM, MPU TOM, YTO HUKAKON akTUBHOW TPAHCKPUMLMN OOHaPYXuUTb HE yaaeTcs.
TpaHCKpMNUMOHHAasi NamMATb UHTEPECHA eLle M NOTOMY, YTO MOXET OKasaTbCsl, YTO el onocpeaoBaH
deHoMeH “HaTpeHnpoBaHHOro MMyHuTeTa” (trained immunity) — 310 korga opraHMambl (daxe Te, y
KOTOPbIX HET aAanTUBHOIO MMMYHUTETA, HANPUMEpP PacTeHUsT), NOKa3bIBalOT NOBbILLIEHHY YCTONYNBOCTb K
NOBTOPHbIM MHAEKUMAM. B nabopaTtopun mbl ByaeT nayyarb TPAHCKPUMLMOHHYIO NaMsiTh HA PaKOBbIX
kneTkax 4Yenoseka (HelLa), 3anyckas curHanbHble Kackagbl UHTEPEPOHOM raMMa — 3TO MOofeKyna,
KOTOpas NpPoM3BOAUTCS B OpraHM3me, Korga OH BCTpeyaeTcs ¢ nHdekunen. Mbl noctapaemcsi NoHATb
AVNHaMVKY TPaHCKPUMLMM U UCNOSb30BaTh ee, YTOObI pa3obpatbCcsa B MexaHU3Max TPaHCKPUNLUUOHHOM
namsaTu.

B pamkax JaHHOro npoekTa Mbl BO3bMEM CHSITbIe Ha MUKPOCKOMN M306paXKeHUs KNeToK, B KOTOPbIX SIPKOCTb
onpeaeneHHbix hnyopodopoB KOPPENMPYET C YPOBHEM TPaAHCKPUMNLMM UHTEPECYIOLWMNX HaC reHoB. Haluen
Lenbto ByaeT Nony4nTb KONMYEeCTBEHHbIE AaHHbIE NO 3TUM U30BpaXKeHNAM, UCNOMNb3ys NPOrpaMMbl A4S



aHanusa nsobpaxeHuii 1 koabl B R, M NOCTpouTb rpadouku, NokasbiBaloLime AMHaMnKy TpaHckpunumn. B
UTOre Mbl MoCTapaeMcs NPEAOXKUTL MMNoTe3y, OObACHAIOLLYH MeXaHW3M TPAHCKPUMLMOHHOW NaMsiTy.

BaszoBble HaBbIKM NPOrPaMMUPOBaAHUSA MPUBETCTBYOTCS, HO HE 06A3aTeNbHbI — Mbl 0GbACHUM BaM OCHOBBbI
N NOMOXEM pa3obpaTtbcs B HEOB6X0ANMbBIX MporpaMmmax.
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Lab05 B cell immunology and antibody lab // JlabopaTtopus nmmyHonorum n aHTuten
B-kneTtok

Group leader: Sergei Koralov // Pykoeodumens: Cepreii Kopanos
Team: Tim Borbet, Briana Mullins // Compydruku: Tum Bopbert, Bpnana MannuHc

Students will take advantage of cell culture and molecular techniques to explore the impact of mutations on
terminal B cell differentiation and antibody production. The laboratory course will cover discussion of basic
immunology, gene targeting and antibody technology. The immersive lab will cover standard
immunology/molecular techniques including flow cytometry, basic immuno-staining, and
PCR/electrophoresis.

I

B Hawem npoekTe WKonbHMKM ByayT paboTaTth C KNETOYHbIMU KyfbTypamMu U MOMEKYNapHbIMU MeTog4amm
ANSA NU3yYeHUst BNNSHUA MyTauuin Ha TepMUHanbHyo anddepeHumpoBKy B-kneTok n BeipaboTky aHTUTEnN.
ConpsiKEHHbIN C NPOEKTOM KypC ByaeT nocsBsLLEH BBEAEHMIO B OCHOBbI UIMMYHONOMMA, METO4AM
"HauenueaHus" reHOB U TEXHONOIMSIM aHTUTEN. A HEMOCPEACTBEHHO NabopaTtopHasi (3KkcnepuMeHTanbHas)
pabota 6yaeT oxBaTbiBaTb CTaHOAPTHbIE MMMYHOMNOrMYECKNE/MONEKYNSAPHbIE METOAbI - BKNIOYas
NPOTOYHYIO LMTOMETPUIO, 6a3oBoe MMMYHOOKpalumeaHue u MNLP/anekTpodopes.
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Lab06 Computational Genomics lab (Mangul lab) // JTabopatopusa BblancnnTesribHom
reHoMukun (Jlabopatopus Manryna)

Group leader: Serghei Mangul // PykoeoOumens: Cepreii MaHryn
Team: Cynthia Ronkowski, Viorel Munteanu // Compyd@Huku: CuHTusi PoHkoBcku, Buopens MyHTeaHy

Computational data-driven research focuses on developing and applying computational methods across
various types of omics datasets. Such research is performed in a new type of laboratory, often called a dry
lab. Our team designs, develops and applies novel and robust data-driven, computational approaches that
will accelerate the diffusion of genomics and biomedical data into translational research and education. We
believe in data analysis transparency, effective sharing, reproducibility, software usability, and archival
stability to foster a sustainable data science ecosystem in biomedical research.

I

Haw npoekT NOCBALWEH BbIYUCNUTENbHOW Buonormm n cokycupoBaH Ha paspaboTke U NPUMEHEHUN
KOMMbIOTEPHbLIX METOAO0B ANSA Pa3fMYHbIX TUMOB "OMUKCHBIX" (OMICS) AaHHbIX. Takne nccrnegoBaHusi 04eHb
BocTpeboBaHbl B nlabopaTtopusix HOBOro Tuna - 9TO eLlé HasblBaloT "cyxon" (Teopetmnyeckon) Guonorven.
Hawa komaHga npoekTupyeT, paspabaTbiBaeT M MNPUMEHSIET HOBLIE U HaOEXHble BbIMUCIUTENbHbIE
NOAXOAbl, OCHOBAHHbIE Ha [AHHbIX, KOTOPbIE YCKOPAT pacnpoCTpaHEHWE FeHOMHbIX U BUMOMEANLIMHCKNX
AaHHbIX B TPaHCNSAUMOHHBIX UccnegoBaHusix M B obpasoBaHun. Mbl BepuM B NpO3payHOCTbL aHanuaa
AaHHbIX, 3(PPEKTUBHOE COBMECTHOE WCMNOMb30BaHWE, BOCMPOM3BOAMMOCTb, YAOOCTBO MCMONb30BaHMUS
nporpammMmHoro otecnevyeHuss 1M cTabwuibHble XpaHunuwa WHdOopMauun Ana COo34aHUs YCTOMYMBOWN
9KOCUCTEMbBI HayKM O AaHHbIX (data-science) B coBpeMeHHon GuomeamumHe.
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Lab07 Coronavirus interactome lab (“Minni” lab) // ITabopaTopua nHtepakroma
KopoHaBupycoB (“MunHHK"-nabopaTtopusi)

Group leader: Aigul Minnegalieva // Pykoeodumens: Alirynb MuHHeranvnesa
Team: Luba Shestakova, Anastasia Petrenko // CompydHuku: Jlto6a LLlectakoBa, AHacTacusa NeTpeHko

In two years of the COVID-19 pandemic, scientists and other people learned a lot about SARS-CoV2. We
have seen how the virus changes peoples’ physiology - from minor effects, like losing a sense of smell, to
thrombosis, widespread inflammation, and multiple organ failure. Moreover, we have seen how the virus
evolves, and so the symptoms and complications of COVID-19. What do coronaviruses do to human cells,
and to what extent do changes in their genome affect symptoms and disease progression? Answering this
question can help to develop treatment strategies that will be effective against this and future coronavirus
infections.

Coronaviruses have some of the largest genomes of all RNA viruses. Genomes of different coronaviruses
are arranged similarly. The proteins they encode can be divided into three groups:

- Structural proteins. They are necessary for virion formation and its ability to infect and spread between
hosts. The well-known spike protein, used as a target in many COVID-19 vaccines, belongs to this group.

- Non-structural proteins. These proteins are important for virus replication and that is why they are
conserved between different coronaviruses. For example, RNA modification enzymes, virus polymerase
and helicase are in this group.

- Accessory proteins. These proteins are not essential for virus replication and they can be different
between coronaviruses. There is evidence that accessory proteins play important roles in pathogenesis, for
example, impairing host immune response.

The global aim of our project is to study the function of accessory proteins in different coronaviruses and
compare them to each other. For that, we first transfect human lung cell culture with individual viral
proteins. Then we utilize a method that allows us to label proteins that come close for some time to our
protein of interest. In our case, we want to know which human proteins come close to viral proteins. This
can give us a hint about the functions of accessory proteins. Afterwards, we can pull down labeled
“passers-by” and submit them to mass-spectrometry to identify which proteins they are. This method is
called proximity labeling.

Proximity labeling requires good negative controls, so we need to perform the same experiment with
proteins that are localized to the same part of a cell as our viral protein to remove nonspecific “passers-by”.
One of the tasks during SMTB will be choosing suitable negative controls. For that, we will be investigating
the sub-cellular localization of several coronavirus proteins using confocal microscopy with
immuno-fluorescent staining.

As you might realize, the list of “passers-by” gets quite long, so we need to additionally verify interactions
between viral and human proteins. One way of doing that is co-immunoprecipitation (co-IP). This method
uses antibodies that bind to a "tag" on a protein to pull that protein out of cell lysate. If the protein we target
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is involved in a protein complex, then we can precipitate the entire thing. In our case, we will be targeting
viral proteins to see what human proteins they form complexes with. Thus, our second task during SMTB is
to perform co-IP and then a western blot to visualize and verify our results from previous mass
spectrometry.

In our laboratory, you will get to learn cell culture techniques, co-IP, protein gel electrophoresis and western
blot, capture confocal images of cells, analyze experimental results, work with biological databases and
study scientific papers. Previous experience with experimental lab work is not essential for participation; we
will be happy to teach you everything we can.

I

3a gea roga naHgemunmn COVID-19 yyeHble MHoroe BbisicHUnu o SARS-CoV2. Mbl Habnogaem, Kak BUpYyC
MeHSEeT (PM3MONOormio YenoBeka — OT NErkMx CUMNTOMOB, TakuX, Kak noTeps 06oHAHNA, A0 Tpombo3a,
o6LWMpHOro BocnaneHuns n otkasa opraHoB. Kpome Toro, Mbl BUANM, Kak 3BOSIOLMOHMPYET cam BUPYC, a
BMECTE C HAM, CUMMTOMbI 1 ocnoxHeHns COVID-19. YTo kopoHaBupycChl AenatoT € KneTkamm vyernoseka?
HackonbKko M3MeHeHNs1 B X reHOMe BAUSIOT Ha CUMNTOMbI U TedeHue 3aboneBaHna? OTBET Ha 3TOT
BOMPOC MOXET NOMOYb B pa3paboTke cTpaTernn nedeHns, kotopble 6yayTt achekTMBHbI NPOTUB
KOPOHaBMPYCOB He TOMbKO cenyac, HO 1 B BygyLiem.

[eHOMbI KOPOHaBUPYCOB — OAHU N3 camblx 6onbLunx cpean scex PHK-BnpycoB. leHOMbI pa3HbIX
KOPOHaBMPYCOB CTPYKTYPHO MOXOXW. Benku, KoTopble OHM KOOMPYHOT, MOXXHO pa3fenunTb Ha Tpy rpynnbi:

- CTpykTypHble 6enkn. OHM oTBeYaloT 3a o6pa3oBaHMe BUPUMOHOB, a TakKe 3a CNOoCOOHOCTb
pacnpoCTpaHATbCA Mexay xo3sieBaMmn U MHMUMpoBaTb MX. K aTon rpynne NpUHaanexmT N3BeCTHbIN
«6enok-wmnny COVID-19, kOTOpbIN MHOTME NPUBMBKU UCMONb3YHOT B KQYECTBE aHTUreHa.

- HectpykTypHble 6enkn. 3Tn 6enkun BaxkHbl AN pennukauum Bupyca, U No3TOMy OHWM KOHCEPBaTUBHbI Y
pasnu4YHbIX KOPOHaBUpycoB. B aTy rpynny Bxoasat moanduumpyrowme PHK doepmeHThl, BUpYycHas
nonvmMmepasa v renunkasa.

- BcnomoratenbHble 6enku. 3Tn 6enku He obsizaTenbHbl Ans pennukaumm, No3ToMy OHU MOTYT OTNMYaTbCs
y pa3HblX KOPOHaBMPYCOB. ECTb AaHHbIe, YTO BCrioMoraTesibHble Genku UrpatoT BaxkHble Pporn B naToreHese
— Hanpumep, NoAaBnAs UMMYHHbIA OTBET X035IMHA.

MobGanbHas uenb Hawero NpoekTa — U3y4nTb PYHKLMM BCOMOraTenbHbIX 6EnKoB y pasHbIX
KOPOHaBMPYCOB 1 CPABHUTb UX Mexay cobon. [1na aToro Mbl TpaHCHULMPYEM KYNbTYPY KNETOK
YenoBEYECKOro Nerkoro oTaernbHbIMU BUPYCHbIMK Benkamun. 3aTtem Mbl UCNONb3yeM MEeToA, KOTOPbI
No3BOSISIET HAM MapKUpoBaTb BENKN caMor KNEeTKKU, KOTopble NPUBNMKarTCa K MHTepecytoemMy Hac Bernky.
B aTOM onbiTe Hac MHTepecyerT, Kakme Genku Yyenoseka NpuUbNM3saTca K BUPYCHbIM 6enkam. [ocne aToro Mol
MOXXEM BbIAENUTb MAapPKUPOBAHHBIX «POXOXUX» U ONpeaenuTb, Kakme 3To Benkun, Ha Macc-CneKTPoOMeETpUN.
OT0T MeTop HasbiBaeTcs proximity labeling.

[nsa proximity labeling BaxkeH HageXHbIN OTpULATENbHbIN KOHTPONb. CregoBaTernbHO, HaM HeoBXxoaMMOo
NMOBTOPUTb 3KCMEPUMEHT C Benkamu, KOTopble FTOKANU3yKTCs B TY XKe YacTb KIETKU, YTO U BUPYCHbIE
Genkn, YTodbl UCKMIYUTL HeCcneundUYHbIX «MPOXoxnx». OgHa u3 Hawux 3agad Ha LUMTB — Bbibpatb
noaxogsilime oTpuuartenbHble KOHTponu. [nga atoro mMbl Oyaem uccrenoBatb BHYTPUKITETOUHYHO
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nokanusaumio psiia KOpoHaBUPYCHbIX GENKOB, UCNOMb3ys KOHGOKANbHY MUKPOCKOMMUIO 1
MMMYHOITyopecLeHTHOE OKpalLMBaHMWeE.

Cnenyet OTMETUTb, YTO CMMCOK KNPOXOXMX» OyaeT BecbMa OBLLUMPHBbIM, NO3TOMY Takke Heobxoaumo
N3yunTb, B3aUMOLENCTBYIOT NN BUPYCHble 6enkun ¢ 6enkamm Yenoseka. OanH n3 cnocoboB 3TO BbIACHUTD
— Ko-umMyHonpeuunutauusa (Co-IP). 3ToT MeToa ncnonb3yeTt aHTUTENa, KOTOPbIE CBA3LIBAKOTCS C «TArOM»
Ha 6enke, YToObI BblAENUTb 3TOT OenoK 13 KneTo4yHoro nusaTta. Ecnu a1oT 6enok BxoguT B cocTaB
GenkoBoro Komnnekca, To KOMMMIEKC MOXHO BblAENUTb MNOMHOCTLIO. Mbl Byaem BbiaensiTb BUpPYCHble 6enku,
4YTOObI YBUOETD, C KAKMMK Benkamm YernoBeka OHM POPMUPYIOT KOMMIEKCHI B KINETKAX X035aMHa.
CnepoBarenbHo, Halla BTopas 3agada Ha LUMTBE — nposecTtu Co-IP, a 3atem BecTepH-06noT, 4To6bI
BU3yanuanpoBaTb U NOATBEPAUTL pPe3ynbraThbl NpeablayLen Macc-CnekTpoMeTpun.

B Hawewn nabopaTopun Bbl HAay4MTeECh paboTaTh C KIETOYHLIMU KyrbTypamu, NPoBoanTb co-IP,
anekTpodopes 6enkoB B rene n BectepH-6noT, dootorpacdmnpoBaTth KNeTkM C NOMOLLbIO KOHOKaNbHOro
MUWKpOCKONa, aHanM3mpoBaTb 3KCNepMMeHTanbHble pe3ynbraThl, NONb30BaTbCA buonornyeckumm 6asamm
AaHHbIX U N3ydaTb HayyHble cTaTbW. [Ng y4acTnsa He obsizaTeneH onbIT 3KCNepuMeHTanbHON
nabopaTtopHo paboTbl — Mbl BaM BCE 006A3aTENBbHO PACCKaXXEM U MOKaXKEM.
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Lab08 Automated experimental evolution // ABTomaTn3npoBaHHas
9KCnepuMeHTarnbHas 3Bonouus

Group leader: Catalin Rusnac // Pykoeodumens: KatanuH PycHak

Experimental evolution is the study of evolutionary processes that can be observed over short timeframes -
usually in fast-replicating organisms such as E.coli or bacteriophages. To study evolutionary changes in the
lab, these organisms have to be kept under suitable growth conditions, allowing the population to evolve
over many generations.

Replifactory is a device we developed for running evolution experiments. It can make automated dilution
operations to maintain constant growth conditions for exponentially growing organisms. Replifactory is built
from custom electronics, 3d printed components, pumps, labware, and runs using python software on a
Raspberry pi.

There will be a few subprojects focused on the engineering and applications of this device: assembling the
device, a demo experiment to illustrate how easily antibiotic resistance can arise, writing code for data
visualization and hardware control, developing a setup for bacteriophage evolution experiments, etc. More
details about possible subprojects are available on replifactory.com/smtb-2022.

I

AkcnepuMeHTanbHas 3BONOLUUS N3yYaeT 3BOMHOLMOHHBIE NMPOLIECCHI, KOTOPbIe MOXHO HabnaaTb Ha
KOPOTKOM MPOMEXKYTKE BPEMEHU, 0OLIYHO HE BbICTPO BOCMPOM3BOASALLMXCSH OpraHM3max, Takux kak E.coli
nnu 6aktepuodparn. Ytobbl N3y4aTb IBOMNOLMOHHbLIE U3MEHEHMS B NaGopaTopum, 3TV OPraHn3Mbl HY>XXHO
coepXaTb B NOAXOAALLMX YCNOBUSIX AN X pOCTa, NO3BOSSS NOMyNsALMU 3BOMOLMOHNPOBATL Ha
NPOTSHXKEHNM MHOTUX MOKONEHUIA.

Replifactory - aT0 ycTponcTBo, KoTOpoe Mbl paspaboTtany ang NnpoBeaeHns aKCnepumeHToB B obnactu
aponouun. OHO MOXET coBepLUaTb aBTOMaTUYECKNE AEUCTBUSA MO M3MEHEHMIO KOHLEHTPaL MK, YTOObI
NOAAEPXMBATb YCIOBUA AN NOCTOAHHOIO 3KCNOHEHLManbHOro pocta opraHnamoB. Replifactory
N3roTaBnNMBaETCA U3 creunanbHO M3roTOBMEHHOMO 3MEKTPOHHOro 060pyaoBaHnsi, KOMNOHEHTOB,
pacnevaTtaHHbIX Ha 3D-npuHTepe, HacocoB, nabopatopHoro obopynosaHusa. OHa paboTaeT Ha Raspberry
pi 1 ncnoneayet MO, HanncaHHoe Ha Python.

B Hawewn nabopaTtopun 6yoet HECKONbKO CyOnpoeKkToB, HarnpaBneHHbIX HA NPOEKTUPOBAHME U
NPUNOXEHUs ANA 3TOro ycTponcTea: cbopka yCTpoONCTBa, AEMO-IKCMNEPUMEHT, YTOOLI NPOMNANIOCTPUPOBATD,
KaK NIErko MOXXET BO3HUKHYTb aHTUOMOTMKOPE3NCTEHTHOCTb, HAMMCAHWE KoAa AN1s BU3yanv3aunm SaHHbIX U
ynpaeneHus obopyaoBaHnem, paspaboTka cxembl 451 SKCNEPUMEHTOB, CBA3aHHbIX C 3BOMOLNEN
bakTepuodaros u T.4.

Y3HaTtb Gornblue 0 cyOnpoekTax MOXHO Mo 3Ton cebinke: replifactory.com/smtb-2022.
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Lab09 Unknown Protist lab // JlabopaTopusi Hen3BeCTHbIX MPOTUCTOB

Group leader: Daryna Zavadska // PykoeoQumenb npoekma: [JapuHa 3aBajgcka
Team: Iryna Poplevicheva, Olia Sur // CompydHuku: VNpuHa MNonnesunyesa, Ons Cyp

Where no man has gone before

Swimming far away from the seashore, you are never alone in the surface layer of the sea. You are
surrounded by a huge variety of microbial eukaryotes, also known as protists. Environmental DNA
sequencing has revealed that the majority of protist species in the world's oceans have never been grown
in laboratory cultures or even viewed under a microscope - we know about their existence solely from their
DNA sequences. Therefore, there are thousands of marine protist species awaiting to be discovered and
described.

In our project, we will attempt to obtain DNA sequences from some of the new protist species that were
isolated from the seawater samples. We will investigate how they look and behave, how they relate to other
eukaryotes and finally, what ecological niche they might occupy in the ocean. To achieve our goal, we will
utilize a broad range of methods - from molecular cloning (which includes basic molecular biology
techniques, like PCR, gel-electrophoresis and transformation of E.coli) to microscopy (both light and
fluorescent), and, of course, bioinformatics (molecular phylogenetics and several important basic methods).

Fig. 1. Some protists you would meet in our lab. a) Light microscopy images; b)
fluorescent/confocal microscopy images highlighting various cellular structures stained by
fluorescent dyes.

I
Kyda paHee He 3aansdbiearn HUKMO

MnaBasa B MOpe, 1 CKOMb YroaHO yaanssiCb OT 6eperos, Bbl HAKOrAA He OCTaéTtecb ogHW. B noBepxHOCTHOM
Cnoe BoAbl Bac OKpyXaeT OrpoOMHoOe pasHoobpasme MUKPOOHbIX 3yKapuoT, Takke M3BECTHbIX Kak MPOTUCTbI.
CekBeHuporanne [JHK okpyxatowen cpeabl MMpoOBOro okeaHa rnokasarno, 4To 60nbLLMHCTBO BUOOB
NPOCTENLLNX U3 MOPS HUKOTAA He BbipallmMBannch B nabopaTtopHbIX KynbTypax U gaxe He
paccMaTpmBanuncb Nog MUKPOCKOMOM - Mbl 3HaeM 06 MX CyLLeCTBOBaHMN UCKIIOYMTENBHO U3

17



nocnegosatenbHocTen nx AHK. Takum obpasom, Thics4M BUOOB MOPCKMX MPOCTENLLMX XOYT CBOEro
OTKPbITUSI U ONUCAHWS.

B Hawem npoekTe Mbl NornbiTaeMcs Nony4uTb nocrnegosaTensHocTy JHK HEKOTOPLIX HOBLIX BUOOB
NpoCTeNLWnX, BblaeneHHbIX N3 0bpasLioB Mopckon Boabl. Mbl uccnegyem, Kak OHU BbIrMA4aT 1 BegyT cebs,
KaK OHW COOTHOCSTCA C APYrMMM 3yKapuoTaMm W, HaKOHEL,, KaKyto 9KONTOrMYECKYo HULY OHWU MOTy 3aHMMaTb
B 9KOCMCTEME oKeaHa. [1ns JOCTMXKEeHUsA 3Tux uenemn Mol 6yaem Mcnonb3oBaTh LWMPOKMIA CEKTP METOL0B
— OT MOMEKYNSAPHOro KNOHNPOBaHNS (KOTOPOE BKIOYAET OCHOBHbIE NOAXOAbI MONEKYNsApHOn Buonorunm,
Takue kak MNUP, renb-anektpodopes u TpaHcdopmauma E.coli) 4o Mukpockonuu (kak CBETOBOW, Tak U
drnyopecueHTHON) Ao GuonHgopmaTnkm (MonekynsapHas ounoreHeTuKa N HECKOMNbKO APYrnX, BaXKHbIX,
6a30BbIX METOO0B).

b

Puc. 1. HekoTopble NPOTUCTLI, KOTOPbLIX Bbl BCTPETUTE B Hallen nabopaTtopuu. a) usodpaxeHus
CBETOBOMN MUKpOCKONuK; 6) nsobpaxeHusa dnyopecueHTHON/KOHOKaNnbHOW MUKPOCKONUN,
Bblaensolme pasnnyHble KNeTOYHbIe CTPYKTYPbIl, OKpalweHHble hrlyopeCUeHTHbIMU KpacuTenamm
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