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HanpaBneHus pabdoTbl nadbopatopumn

Mwuccua: paspaboTtKa cpeacts 60pbbbl € 3a00/1€BaHMAMM YENOBEKA.

MoaxoA: ycoBepLIEHCTBOBAaHME CUCTEM FEHOMHOIO PeAaKTUPOBaHUA
N BHEAPEHME NX B cTpaTernm 6opbbbl c 3ab6o1eBaHNAMM YENOBEKA.

NMpodunakruka — lmarHocTuka - Tepanus
ObvekKTbl:
- BMPYCHble 3ab0neBaHMA YeNOBEKa,
- OHKoJsiorn4Yyeckme 3aboneBanHus,

- dyHOaMeHTanbHble npoueccbl moandukaumm PHK.

npO,quT! KN1eTo4vYHble TMHUWN C USMEHEHHbIM YPpOBHEM 3KCMNMpPeCCUU reHOB-MULLEHEMN.



CospaHue mogupULUpPOBaHHbIX KITETOYHbLIX NTIMHUN
ANA HapaboTKM BUPYCHLIX NpenaparoB

NonyyeHa Konnekuus
KNEeTOUYHbIX IMHUI C HOKayTOM
reHOB KaCcKaga BPOXAeHHOoro

WMMYHHOrO OoTBeTa:
IRF-7, IRF-9, IFITM3, PKR.
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Paspabotka moaucdpmnumpoBaHHbLIX CUCTEM Fr€EHOMHOro
peaakTupoBaHUA

[loBbiWEeHHAsA

athhEeKTUBHOCTL
pefakTupoBaHus
Benok Cas9

MNoBbllLEHHas

AUV MoaudmuuposanHas sgPHK cneundguyHoOCTb
MPHK Cas9 ‘
MoBblWeHHas
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;% 3 sgRNA:Cas9
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3KCNpeccupyroLn
Cas9
5'-koHUEeBbIe MoavdUKaLK MuHumMm13aLma
LUNTOTOKCUHECKOIO
MogudurKaLmMm OCHOBaHMUIA adpdpekTa
KNETOUYHAS NMHUSI, f mogudukaumn caxapodocharHoro ocToea CHIbKEHUE
npoayunpytowasn Cas9 W 3-KoHueBbie MomUdDMKaLMM MMMYHHOTO OTBETa

D anTtamepsbl, cBA3blBawme ahdeKkTopbl



OHK cybcTtpat
C MyTauMamMu

npotocneiicep (5'-->3') PAM

20CA CATGGACATGCTCGACATTC GGG
18AC GTACGACATGCTCGACATTC GGG
16CT GTTGCTCATGCTCGACATTC GGG
14GT GTTGGAGTTGCTCGACATTC GGG
12AC GTTGGACAACCTCGACATTC GGG
10GA GTTGGACATGGACGACATTC GGG
10G GTTGGACATGGTCGACATTC GGG
9A GTTGGACATGCACGACATTC GGG
3G GTTGGACATGCTGGACATTC GGG
7C GTTGGACATGCTCCACATTC GGG
6T GTTGGACATGCTCGTCATTC GGG
5G GTTGGACATGCTCGAGATTC GGG
47 GTTGGACATGCTCGACTTTC GGG
3A GTTGGACATGCTCGACAATC GGG
2A GTTGGACATGCTCGACATAC GGG
1G GTTGGACATGCTCGACATTG GGG
K- KoHTponb | GTTGGACATGCTCGACATTC GGG

OueHKa cneunduyHoctn cuctembl CRISPR/Cas9
npu ncnonb3osBaHnn moauduuymnposaHHbixX Hanpasaawwmx PHK in vitro

20CA
18AC
16CT

14GT
12AC
10GA
10G

o

OTHOCUTeNnbHOE NoBbiWeHue cneyuduiHoOCTU XMmepHou Hanpasastowei PHK,
copep:Kawen pochopuaryaHnamHoByko rpynny
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K- KOHTPOAbHbIN cybcTpaT

HemoauduumposanHaa PHK 5-GGUUGGACAUGCUCGACAUUCGUUUUAGUGCUAGA -3’
IG8 5'-GGUUGGAC*AUGCUCGACAUUCGUUUUAGUGCUAGA -3’

*- pochopunryaHnanHosasn rpynna
PHK MmOHOMEpPbI OTMEYEHbI KpaCHbIM
AHK moHomepbl OTMeYeHbl YepHbIM

[laHHble Nosly4eHbl U NoAroToBAEHbI M.H.C. [poxoposon [.B.



Pa3paboTka HOBbIX CUCTEM perynsauum akTMUBHOCTHU
reHoB B KJIeTKax YenoBekKka
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* Pa3paboTtKa cTpaTterum co3paaHmnsa BbICOKONEPMUCCUBHDIX K
BUPYCY rpunna KAeTOUYHbIX IMHUIA ANA NONYYEeHUS
BaKUMHHbIX NpenapaTos
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Influenza epidemics and pandemics

Influenza pandemics
Pandemics Year Virus Number of | Mortality
subtype |fatal
cases,
millions
W 1918  HIN1 >50 >2,5%
Influenza activity in Russia. 2016, week 6 m 1957 H2N2 1-2 <0,2%
Morbidity level (125.2 per 10 000 of population) “Hong Kong 1968 H3N2 >1 <0.1%

exceeded the national baseline by 80.1% flu”

2009 HIN1 <0,5 0,03%
WHO pdm09

3-5 million cases of severe forms of the disease

and approximately 250,000 to 500,000 deaths. . .
PP Y Pandemics of influenza of the XX century

Russia according to minimal estimates killed more
hospitalization of 8.5 to 23% of cases. than 53 million people.



Isolation and propagation of influenza viruses

 Madin Darby Canine Kidney  Embryonated chicken eggs (ECE)
(MDCK) cells
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ATCC Number: CCL-34
Designation: MDCK (NBL 2)




Disadvantages of existing systems for influenza virus
Isolation and propagation

Virus propagation in chicken eggs leads to accumulation of adaptive mutations
altering influenza virus antigenicity.

Virus isolation rate differs significantly for different influenza A virus subtypes.
Propagated human influenza viruses have non-human (canine, chicken)
glycosylation profile.

Egg-based propagation is very laborious.

Human cell culture-based technology represent a fast alternative technology,
which overcome many problems caused by virus propagation in eggs.



Influenza vaccine strain selection and vaccine
production
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Experimental workflow

cell transfection sorting and obtaining

/\ single cell clones
//-
293FT cell line X

transformation
single cell clones analysis

T7 endonuclease assay ,_,'{ ;S ;;,;E ’
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Influenza virus life cycle and host restriction

factors

IFNa/B
] peuentop
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IRFs - interferon
regulatory factors

Nat. Immunol. — 2013.

Diamond M.S., Farzan M.
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Target events in IRF7 gene
(AN N N D4 TN BT W W chromosome 11

O H_ _+— F{H - w2
E1 E2 E3 E4 ES E6 E7 ES8 E9 E10 E11 IRF7 gene
—0— ——H - { H - ~m 00401
E1 E2 E3 +=E4 ES E6 E7 E8 E9Q E10
* sgRNA3 ACCCGCACAAGGTGTACGCG
sgRNA1 GCCGACCCGCACAAGGTGTA
sgRNA2 GATGCTGCGGGATAACTCGG
TTCGTGATGCTGCGGGATAACTCGGREEACREBGEEEACCCGCACAAGGTGTACGCGCTC exon 2
allele 1 TTCGTGATGCTGCGGGATAACTCGGGGGACCCGGCCGACCCGCACAAGGTGTACGCGETC no mutations
allele 2 TTCGTGATGCTGCGAGATAACTCGGGGGACCCE «——— CACAAGGTGTACGCGCTC deletionof 9n
allele1 TTCGTGCTGCTGCGAGATAACTCGGGGGACCEG *» TACGCGCTC deletionof 18n
allele 2 TTCGTGATGCTGCGAGATAACTCGGGGBACCCGGE «—— ACAAGGTGTACGCGCTC deletionof 8n
allele 1 TTCGTGATGCTGCGGGATAACTCGGBGGACCCGGCCCGACCCGCACAAGGTGTACGCGCTC  insertion of 1n
allele 2 TTCGTGATGCTGCGGGATAACTCGBGGBACCCGGCCG «—— CACAAGBTGTACGCGCTC deletionof 5n
allele 1 TTCGTGATGCTGCGGGATAACTCGGGGGACCCGEE « - deletionof 152n
allele 2 TT « » CCGCACAAGGTGTACGCGCTC deletion of 67 n
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IRF7 expression in the original and mutant cells

Western-blot analysis of IRF7 Real-time analysis of growth rate
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Percent Infected Cells

Assessment of permissiveness of the modified cell lines to
influenza viruses
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Flow cytometry analysis of influenza A Influenza virus growth in the IRF7Wt/wt
virus NP protein accumulation in the and mutant IRF77/- 293FT cells.

original IRF7¥Y%t (green) and mutant

IRF7/- 293FT cells Data were obtained by Dr. Maria Sergeeva from

Smorodintsev Research Institute of Influenza,
Ministry of Healthcare of Russian Federation,

Saint-Petersburg y



Proteins of the IFITM family in the antiviral response

Wiiw/£7
Clathrin-coated pu—Q &

olavirus
Lysosome SARS coronavirus

‘ﬁ;‘ Recycﬁng "
[IFITM6 ( i endosome ',

\
D &J/) . /x/

P(Tifcular Stomatitis Virus
(partial restriction)

‘West Nile virus

Diamond M., Farzan M. et al. The broad-spectrum antiviral functions of IFIT and IFITM
proteins, Nature Reviews Immunology, 2013, Vol. 13, p 46-57
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Target events in WI-38 val3 cells

chrll:319,676-320,860

} Exon 1 _'—T{ Exon 2 ]I_ IFITM3
) (NM 021034)

gRNA1 gRNA2 gRNA3 gRNA4 gRNAS gRNAG6 (1-3)
protospacer sequense PAM: PAM:
gRNA1 TGAATCACACTGTCCAAACC G GGG
gRNA2 GTCAACAGTG CC AGG TGG
GgRNA3 GT GGG TGG
gRNA4 TGTGGATCACGGTGGACGTC GGG GGG

F5 CGAGGTGGCTGTGCTGGGGGCGCCCCACAACCCTGCTCCCCCGACGTCCACCGTGATCCACATCCGCAGCC Mo mutations

CGAGGTGGCTGTGCTGGEGEGE——————— e e e e ATCCACATCCGCAGCC deletion 35bp
F3 AGGAGCACGAGGTGGCTGTGCTGGGGGCG/ CCCCCGACGTCCACCGTGATCCACATCCGCAGCGAGACCT M@ m.utations

AGGAGCAC-———————————————————— e AGCGAGACCT deletion 67 bp
E12 GGGAATC-————————————————————— 0 ——— AGGAGGCATC deletion 543 bp

GGGAATC—=————————————————————— ) mm e - AGGAGGCATC deletion 543 bp
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IFITM3 expression in the original and mutant cells
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Real-time analysis of growth rate of
intact and modified WI-38 val3 cells

Relative IFITM3 mRNA levels
Cell index

IFITM3 » - - -
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Influenza A virus NP protein accumulation in the original
IFITM3wt/wt and mutant WI-38 val3 cells

Infected cells (%)

Time, h

Data were obtained by Dr. Maria Sergeeva from
Smorodintsev Research Institute of Influenza,
Ministry of Healthcare of Russian Federation,
Saint-Petersburg
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IFITM genes expression level under influenza A infection in
modified cells

IFITM2 IFITM1 IFITM3
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Protein-protein interactions in DEG groups in obtained monoclonal cells

Extracellular matrix organization
(G0O:0030198)
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e Pa3paboTka HOBbIX METOA40B AMArHOCTUKU C UCMO/Ib3OBAHNEM
benkos Cas

MCBFM
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Casl3-based nucleic acid detection systems

LwaCasl3a target cleavage detector cleavage
M 2 5' - >
> [ < >
@
HEPN target RNA ’ 3 RNA-detector
active site 5"\/\/‘\/'\/\'3. . /\
amplification | T=37°C - 65°C, t =30 min detection

iﬂeponer RNA

Fozouni et al., Amplification-free detection of S
ARS-CoV-2 with CRISPR-Cas13a
and mobile phone microscopy, Cell (2021)

— K Fluorescence Detection
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SHERLOCK method

. . g— | RKPA
RNA extraction ——  cDNAsynthesis

e — 7?7 C

2 hours

- Virus
35 T7 transcription
AR 5 3.5 hours X
Clinical Samples o and
Cas|3a detection

T7 transeniption
and
RPA Cas|3a detection

oo P00
ﬁ/{ DNA extraction m m—._ : :;" -
A | g 3.5 hours
00

NA

' ES N{\ A\ reporter

37° C
/ 2 hours
Bactenal pathogens

——— mutant DNA
Activated Casl3a, with

N _—

o4 — p—
_—— RPA collateral cleavage activity,

— ——— c——— — cuts the RNA reporter in the

— 37°C & solution

— 2 hours —_—— —_— '

o Wild type background e gp— E:a

cell-free DNA ~ ssDNA * kt

Vatankhah M. et al. (2020): CRISPR-based biosensing systems: a way to rapidly diagnose COVID-19,
Critical Reviews in Clinical Laboratory Sciences
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Casl3a-dependent RNA detection systems

SARS-CoV-2 . [Influenza A
infected cells & infected cells
RNA extraction RNA extraction
s b Ve Va o
serial dilution serial dilution
NASBA amplification NASBA aanliﬁcalion
(15 min) (15 min)

X10°
Cas3a detection Casl3a detection
(20 min) (20 min)

NASBA. 15 min
RNA dilutions

(before reaction)
10 10 10 10 10 10 10 10
COPICS COpPIECS
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Usodopmbl MPHK npu BbiIOOpe MuieHn?

KapTupoBaHue peasibHbIX NPOYTEHUI B KNETKax yenoseka 293FT
BbiBoa: npeobnaaatot nsopopmobl a (NM_001572) ud (NM_004031) mPHK rena IRF7

1 1
613679 615374
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[lpoTAXEeHHble NHCepunu

g3
cormplament] 151 OOT06_1451157882)

CO T .

1 F 345 67 & 9 10[1] 12 13 15 16 1718 19 20 2122 23 24 —|
(] (] (O H EH HA T H A HH {1
L M|

( - gRMA1 GTTGGACATGCTCGACATTCGGG ‘

chromosome 5

gRNAZ CATGGTCTCCCGTAGTGAGTTGG
28354 gRNA3 TCGACATTCGGGAGATCTTCC GG 28T

wt  GGCCTGGGGACTCGGGACAACACCCTGATCCGCATCATGGTCTCCCGTAGTGAGTTGGACAT GCTCGACATTCGGGAGATCTTCCGGACC AAGTATGAGAAGTC CCTCTACAGCATGATCAAG
G L 6 TRDNTTLIRIMVYVSRSETLTDMLTGDIRTETLITFHR RTIKTYETKTSTLTYSMIK
mutant clones
allele 1 ACTCGGGACAACACCCTGATCCGCATCATGGTCTCCCGTAGTGAGTTGGACATGETC deletion 125 bp
A1
allele 2  ACTCGGGACAACACCCTGATC CGCATCATGGTCTCOCGTAGTGAGTTGGAC ATGCTCGACATTTCGGGAGATCTTCOGGACE insertion 1 bp
gllele 1 ACTCGGGACAACACCCTGATCCGCATCATGGTCTCCOGTAGTGAGTGCGTCGAGGAGAATCC TGGCCCAGTGAGCAAGGG insertion 187 bp

D3

E6

gllele 1  ACTCGGGACAACACCCTGATCCGCATCATGGTCTCCC GTAGTGAGTTGGACATGC TCGACAT deletion 187 bp
allele 2  ACTCGGGACAACACCCTGATCCGCATCATGGTCTCCC GTAGTGAGTTGGACATGC TCGACATTC == mmmm——m= -CGGACC deletion 11 bp
gllele 1  ACTCGGGACAACACCCTGATCCGCATC ATGGTCTCCCGTAGTGAGTTGGACAT GCTCGACATTG —=————-———= CGBACC deletion 11 bp
allele 2  ACTCGGEACAACACCCTGATCCGEATC ATGETCTCCCGTAGTEAGTTGEACAT GETCGACATTCGGEAGATCATICC GGACT insertion 1 bp
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[lponyckK 3K30Ha ¢ myTaumammn?

KapTupoBaHue peanbHbix npouteHun Ha MPHK reHa AnxA6

B MOAUPULUPOBAHHON MOHOKIOHANbHOU IMHMUK (4 BepXHUe Anarpammbi)
B KOHTPOAbHOU nHuM 293FT (4 HUXKHKe 4

=
f cm— .
1 —4
A 0

narpammbi Cawimmm)

=
o T
L
I S -
B T e
1

- o EE
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Bbigenenne nnasmmaHon AHK

Bbigenenme reHomHom [IHK

BbisiBNeHWE U aHaNMU3 MyTauui

(B T.4. anekTpodopes)

Ouunctka NUP-npoaykTos gna
cmeceu DR-10, 50, 250.

AHann3 6akTepmanbHbIX KONOHUN
nocne TA-KNoOHMpoBaHUA

BbiaeneHne cymmapHom PHK ans
aHanu3a akcnpeccum reHos (NGS)

AHanus yposHAa mMPHK metogom
OT-NUP (pean-taiim)

ATanbl 1 peLeHus: /8

Habop ana sbigeneHunsa nnasmmaHon AHK buonabmMukc
Plasmid-mini, OO0 «Bbnonabmukc»

Habop ana sbigeneHns reHomHon HK DUplus
(DU — ana tex, KTo paboTaeT ¢ ue/ibHOM KpoBblo)

Habopbl ans MUP — Color MHC010 (B Tom yncne LR)
AHK mapkepsbl (Step50plus-100Long; Sky-High)

Habopbl ans sbigenenmsa AHK 13 peakuMoHHbIX ceKBeEHUPOBaHUA nNo CaHrepy
Habopbl ans MUP — Color (B Tom uncne LR)
(noaxopar ana Colony PCR)

PeareHT ana nmsunca, xpaHeHua, sblaeneHna JIMPA
Habopbl ana sbiaeneHna PHK — LRU, RU

Habopbl ana obpatHom TpaHcKkpunuum u MNUP
OpHowarosbie Habopbl OT-MUP MHC030
(BuoMacrtep HS-qPCR SYBR Blue 2x)



[MlepcoHanbHbIE 3a4a4um

W/

BbiaeneHue us ogHoro obpasua OnTMMKU3MpoBaHHbIE BapUaHTbl HA6OPOB ¢ Bronabmukc
PHK, OHK u 6enkos (ana aHanmsa peareHTom Jlnpa LR-100-2 n LR-100-3

metogom BectepH-6n10T)

TecTMpoBaHME KNETOYHbIX TMHUN MUP c UTP n UDG (MH021 Bnomactep UDG HS-gPCR)

Ha KOHTaMUWHALUMIO Ha MUKON1A3My Habop ana sbigeneHnsa reHomHon JHK Duplus

BbigeneHue ¢ppakuyum Kopotkux PHK Habop pgna sbigeneHna cymmapHoit PHK

(8 T.u. MuKpoPHK ana smallRNASeq) v mukpoPHK (LRU-100-50)

XpaHeHMe U TPAaHCMOPTUPOBKaA Crabunmnzatop PHK (St-100)

obpas3LoB opraHoB

Cuntes Hanpasaaowmx PHK nu mPHK Ha6op ansa BbicokosapPpeKTuBHOro cmHresa PHK s

The best is yet to come
(Scorpions, 2010, Sting in the Tail)




* MoauduKkauma Hanpasnsaowmx PHK cuctem reHomHoro
penakTuposaHmna CRISPR/Cas

MCBFM

N

*Genome Editing
Laboratory
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Paspabotka moaucdpmnumpoBaHHbLIX CUCTEM Fr€EHOMHOro
peaakTupoBaHUA
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athhEeKTUBHOCTL
pefakTupoBaHus
Benok Cas9

MNoBbllLEHHas

AUV MoaudmuuposanHas sgPHK cneundguyHoOCTb
MPHK Cas9 ‘
MoBblWeHHas
|:,|.|| ’ll Il || N |i|| | '.ll R E‘] - CTaﬁl/lanOCTb
Fﬂw:.n_\ i ||» aynnekca

;% 3 sgRNA:Cas9

R )

: 3 4 MoBbiLeHHanA
L;wffl BHYTPUKNETOYHaA
BEKTOp, ) CTabunNbLHOCTb

3KCNpeccupyroLn
Cas9
5'-koHUEeBbIe MoavdUKaLK MuHumMm13aLma
LUNTOTOKCUHECKOIO
MogudurKaLmMm OCHOBaHMUIA adpdpekTa
KNETOUYHAS NMHUSI, f mogudukaumn caxapodocharHoro ocToea CHIbKEHUE
npoayunpytowasn Cas9 W 3-KoHueBbie MomUdDMKaLMM MMMYHHOTO OTBETa

D anTtamepsbl, cBA3blBawme ahdeKkTopbl



MeTop cuHTe3sa Hanpasaawwmux PHK,
copepXawux npupoagHblie moauduLMpoBaHHbIE HYKNEOoTUAbl

npanmep 1
5'\ 3-

N6-meTunageHos3unH 5-metTnnuyntTnauvH ncesgoypuaviH
HaC._
nnasmuaHas . HN NH; 0
oHK ) 3 |
M
~ npaimep 2 </ | SN | j - S
[re—]
0 h Nf) N M x\"\{‘O S al® X \\(J
FILLP 0 o
T7 npomorep
5-_ 3: (8] OH o OH
S o U:||= N g [ _|_. [|J OH
AHK maTtpuubl S O=h—0-wow 0= —0—
ANs TpaHcKpunumm © — 0
TpaHckpunums
T7 PHK-nonumepasomn
in vitro

B rea— Y
sgRNA
tracrRNA
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KuHeTuKa Komnnekcos Cas9 ¢ Hanpasaawwmumm n TpaHc-aktusupyrowmmm PHK, coaepxawmmu

npupoaHble moguduLUpoBaHHble HYKNEoTUAbl

target sio

PAM target site
luggacalgoucgacaule o
o N‘*@Q agacaug u - — * MOp'VI(I)VI KauunAa ‘s@guuggacaugcucgaceuuc(,\:::
NNNNNNNN%V GCNNNNNNNN NNNNNNNN INNNNNNN
t C: NNNNNNNN&M SO S ISR !... c,‘(pNNNNNNNN
i |u caacw?uac? gcu
5"92% db wa?;i aﬁmm § sgRNA Gt 5-guuggacauga 'a'act'm'n'.;cguuuoagugcuaga crRNA
%(, * sl S wastgau %G %‘Hﬂﬁ tracrRNA
(7 gd‘ %, « aclhdudg *** ** * %
*§ & ] 2 gk % ob g* Q’%’
Fiy " FELL
e B Cas9 « 7aa Cas9
q *U & * %

SPAMMEHTHER FHANKI © NOMOUILIO
KENWANRAPHOTO Tenb anexTpodopesa

; % At g, o lpetad
100 / 100

B X 80 - g
S s S s
@ g 60 - HNM é u HNM
£ §:_ 40 - ® m6A £ §_ m m6A
§E 20 - m m5C gg mm5C
0 - M psiU ™ B psiU
30 60 120 180 360 30 60 120 180 360

t, MuUH t, MUH
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OueHKa cneunduyHoctn cuctembl CRISPR/Cas9
npu ncnonb3osaHuu Hanpasaaowmx PHK c npupoaHbimu mognduumposaHHbIMU HYKAEOTUAAMM in vitro

OTHocuTenbHoe nosbiweHue cneundpuuHoctn sgPHK, coaeprkaweit

AHK cyberparc nportocneicep (5'-->3') PAM ACcesAoYpUAH

MyTayumnamm _
10G GTTGGACATGGTCGACATTC GGG | 100 T—
9A GTTGGACATGCACGACATTC GGG | 7 —
8G GTTGGACATGCTGGACATTC GGG | ¢ I ———,
7C GTTGGACATGCTCCACATTC GGG 7 —— AHK
6T GTTGGACATGCTCGTCATTC GGG | " e — cyberpatel
5G GTTGGACATGCTCGAGATTC GGG ey ] c
4T GTTGGACATGCTCGACTTTC GGG T B Dy MyTaumamm
3A GTTGGACATGCTCGACAATC GGG | 3~ ' —
2A GTTGGACATGCTCGACATAC GGG | 2~ I —
1G GTTGGACATGCTCGACATTG GGG | 1 |

K-koHTponb | GTTGGACATGCTCGACATTC GGG K -

o
o
o
(6]
[y
o
=
v
g
o
N
(6]
w
o
w
(9]

4.0

K- KOHTPOAbHbIN cybCcTpaT

J[laHHble nNosy4YeHbl M NOAroTOBJIEHbI M.H.C. [Tpoxoposon [1.B.
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MpaHT PH® No 20-14-00214 Cnctema reHOMHOIO peaaKTUPOBAHUA HA OCHOBE 3HAOHYKNea3bl Cas9: CTPYKTYpPHbIe
daKkTopbl y3HaBaHUA uenesbix AHK.
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Cas9 c xumepHbimu Hanpasaawwmmm PHK, cogepXxawmmm
dochopunryaHuguHosble rpynnobil

XumepHblie Hanpasasaowmre PHK (crRNA):
¢ dekTUBHOCTL pacwenneHuns Ha AHK aynnekcax

IGH 5'-GG*UU*GG*ACAUGCUCGACAUUCGUUUUAGUGCUAGA -3’  16-H
IGA 5'-GG*UU*GGACAUGCUCGACAUUCGUUUUAGUGCUAGA-3"  |6-a |
1G9 5’-GGUUGGACA*UGCUCGACAUUCGUUUUAGUGCUAGA -3’ 1G9 |
IG8 5’-GGUUGGAC*AUGCUCGACAUUCGUUUUAGUGCUAGA -3’ 1G-8
IG7 5-GGUUGGA*CAUGCUCGACAUUCGUUUUAGUGCUAGA -3’ 1G-7 lenesan Lenb
1G6 5’-GGUUGG*ACAUGCUCGACAUUCGUUUUAGUGCUAGA -3’ 1G-6
IG5 5’-GGUUG*GACAUGCUCGACAUUCGUUUUAGUGCUAGA -3’ IG-5 “ :En”be“e%”
1G4 5’-GGUU*GGACAUGCUCGACAUUCGUUUUAGUGCUAGA -3’ IG-4
IG3 5’-GGU*UGGACAUGCUCGACAUUCGUUUUAGUGCUAGA-3’ 1G-3
1G2 5’-GG*UUGGACAUGCUCGACAUUCGUUUUAGUGCUAGA -3’ 1G-2
IG1 5-GGUUGGACAUGCUCGACAUUCGUUUUAGUGCUAGA -3’ 1G-1 |
(I) 2I0 4IO 6IO 8I0 1(I)0
I_I3C\ 3¢ PeKkTMBHOCTL pacwenneHmsa, %

N
I
*_ (I)OC(I)Opl/IﬂI'yaHl/I,EI,MHOBaﬂ rpynna O=I|3—N=< ] 1,3-ameTMnMmnaasonmanH-2-MMmuH
vooN

H,C

PHK moHOMepbl 0TMeyeHbl KpacHbIM
AHK moHOomepbl oTMeYeHbl YepHbIM [laHHble NosyYeHbl 1 NOAroToBAEHbI M.H.C. [poxoposoit .B.
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AHK cyberpar npotocneiicep (5'-->3') PAM
C MyTaumMamm

20CA CATGGACATGCTCGACATTC GGG
18AC GTACGACATGCTCGACATTC GGG
16CT GTTGCTCATGCTCGACATTC GGG
14GT GTTGGAGTTGCTCGACATTC GGG
12AC GTTGGACAACCTCGACATTC GGG
10GA GTTGGACATGGACGACATTC GGG
10G GTTGGACATGGTCGACATTC GGG
9A GTTGGACATGCACGACATTC GGG
8G GTTGGACATGCTGGACATTC GGG

7C GTTGGACATGCTCCACATTC GGG

6T GTTGGACATGCTCGTCATTC GGG
5G GTTGGACATGCTCGAGATTC GGG

4T GTTGGACATGCTCGACTTTC GGG
3A GTTGGACATGCTCGACAATC GGG
2A GTTGGACATGCTCGACATAC GGG
1G GTTGGACATGCTCGACATTG GGG
K- KoHTponb | GTTGGACATGCTCGACATTC GGG

OueHKa cneundpuyHoctu cuctemol CRISPR/Cas9
npu NCNonb3oBaHUU XuMmepHbIX Hanpasaawwux PHK ¢ pochopunryaungnHosbimu mogmupukauuamm in vitro

20CA
18AC
16CT

14GT
12AC
10GA
10G

o

OTHOCUTeNnbHOE NoBbiWeHue cneyuduiHoOCTU XMmepHou Hanpasastowei PHK,
copep:Kawen pochopuaryaHnamHoByko rpynny

AHK
cybcTpatbl
C
MYyTaLUAMM

N
=Y
()]
(o]
=
o
(=Y
N
=
=Y

16

K- KOHTPOAbHbIN cybcTpaT

HemoauduumposanHaa PHK 5-GGUUGGACAUGCUCGACAUUCGUUUUAGUGCUAGA -3’
IG8 5'-GGUUGGAC*AUGCUCGACAUUCGUUUUAGUGCUAGA -3’

*- pochopunryaHnanHosasn rpynna
PHK MmOHOMEpPbI OTMEYEHbI KpaCHbIM
AHK moHomepbl OTMeYeHbl YepHbIM

[laHHble Nosly4eHbl U NoAroToBAEHbI M.H.C. [poxoposon [.B.
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MueHb: reHbl KacKkaga BPOXXA4eHHOro MMMYHHOTO OTBeTa

oob
IFNR

Diamond M., Farzan M. et al. The broad-spectrum antiviral functions of IFIT and IFITM
proteins, Nature Reviews Immunology, 2013, Vol. 13, p 46-57

46



A1

Cé

E8

F9

LleneBble myTtaunu B reHe IRF/7

(N N N 4T TN ey W W chromosome 11

O H_ _+— F{H - w2
E1 E2 E3 E4 E5 E6 E7 E8 E9 E10 EN IRF7 gene
—0— ——H - { H - ~m 00401
E1 E2 E3 +=E4 ES E6 E7 E8 E9Q E10
* sgRNA3 ACCCGCACAAGGTGTACGCG
sgRNA1 GCCGACCCGCACAAGGTGTA
sgRNA2 GATGCTGCGGGATAACTCGG
TTCGTGATGCTGCGGGATAACTCGGREEACREBGEEEACCCGCACAAGGTGTACGCGCTC exon 2
allele 1 TTCGTGATGCTGCGGGATAACTCGGGGGACCCGGCCGACCCGCACAAGGTGTACGCGETC no mutations
allele 2 TTCGTGATGCTGCGAGATAACTCGGGGGACCCE «——— CACAAGGTGTACGCGCTC deletionof 9n
allele1 TTCGTGCTGCTGCGAGATAACTCGGGGGACCEG« * TACGCGCTC deletionof 18n
allele 2 TTCGTGATGCTGCGAGATAACTCGGGGBACCCGGE «—— ACAAGGTGTACGCGCTC deletionof 8n
allele 1 TTCGTGATGCTGCGGGATAACTCGGBGGACCCGGCCCGACCCGCACAAGGTGTACGCGCTC  insertion of 1n
allele 2 TTCGTGATGCTGCGGGATAACTCGBGGBACCCGGCCG «—— CACAAGBTGTACGCGCTC deletionof 5n
allele 1 TTCGTGATGCTGCGGGATAACTCGGGGGACCCGGE « - deletionof 152n
allele 2 TT « » CCGCACAAGGTGTACGCGCTC deletionof 67 n
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Obuan cxema sKCcnepmumeHTa
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CospaHue mogupULUpPOBaHHbIX KITETOYHbLIX NTIMHUN
ANA HapaboTKM BUPYCHLIX NpenaparoB
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deficient

CRISPR-%
Cas9

wt
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HEK293FT cells
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2

49



* Perynaumna Hekogupyrowmx PHK

MCBFM

AN

*Genome Editing
Laboratory

50



Pa3paboTka HOBbIX CUCTEM perynsauum akTMUBHOCTHU
reHoB B KJIeTKax YenoBekKka

[eH-muLleHb:
GASS Exon, Ne:
1 21851 14 HOm 6 5 RO C) 1 12
MerToga; Porem u76 Uas U788 UT9 uaz U8t
CRISPR/C 9 u74 u7s u77 uso
as
SNORDTS
long non-coding RNA GASS [ N SRS SRV SRR SR 1 7 8 9 10 11 12 “
% g —iFa- || —ER—
/7 N 1
clone clone clone clone AGCCTTOATHOT T Y A AGAGTAGTEGACAGAAGORAT ! !
|adder con‘ro' 74'4 80'1 75‘2 77‘1 GASS exons AGCCTOTOATOCT T Y AAGAGTAGTOION = = = = === == PITCYGAMATICTATICLOAND 752 el
AOCCTTOATULT T Y AAG === = == = BAAAGGGALT TC Y AN TTLTATY AGO 752 _10del
400 e g S - el 1 2 3 4 56 7 8 9
. . xzr s AGAGTAGTOUACAGAAGGGAT — METTL-binding nite
SOkt B aamme 1 2 6 7 8 O
a GGACA - conkensus mouf
200 bp A = 0 potental NGA methylation site
e R G R E e e R e S s G e R e e S ek 0-0-. G-q
§i> 3 ete aal B AL as B avdnd e b & DRALNL O 0sco L 131 ¥ TLAL Y ‘\q"“‘? AA A
B F &y 4 : ‘ AAoA‘°‘f“I a-u~c-u-U. wi
': p . 2 & . . 2 . U-t-l-u-A-U " A .
' 4 ( VA
2 j\. ‘ ) f l; | AMG-A-G-U=A V%~ A=y -y~ 75.2 9del
- [ \ . [\ R B8] i ) ) @ | u -
) | LA T (1 Ll 0-9-0=8-A-0-0nboA- A0
= | , | (] 11/ [ | L)
| AU AVARVARIRRAAIY . :
oo S i = e AAg-A-0" T 0-0-0-A-y-p i’ W 75:2_10del
exon 2 axon 6 ucuuAuCUUA* ¢
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Pa3paboTka yHuBepcaribHOM cTpaterum
CeNeKTUBHOro MHrMoOUpoBaHUA CNMaucuHra
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CBsa3b MAOPHK n M6A-meTnupoBaHus

m6A

C snoRNAs
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show, ermal aptong sl It e rg
: g EY @l . normsl METTLS saicing allwrnahive METTLS sgibong
1) elec st @O 0B @ 0] oigt it imiO it L =
¥ ¥

e DTSRRI e ORI

bloinformatic analysis of SNORDs complemeantarity to METTLs O
mEA sites (or METTLS bind siles) as target for CRISPR/Cas9

annlysis of RNA-Seq data on METTLS splicing O

qRT-PCR-based mEA-detection using Bstl

mbA sequencing? (MeRIP, Nanopore+MINES DART-Seq, PacBo)

analysis of GASS splicing In METTL-KO clones (open RNA-Seq data)
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Cas9
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HoBble HanpaBrneHna naboparopuun

Pa3paboTka KneTouHbiXx moaeneu 3abonesaHunin yenoBekKa

Pa3paboTKa cpeactB perynaumum skcnpeccun 3agaHHbIX reHOB € NOMOLLbIO
cuctem Casl3-3aBucumon uHtepdpepeHumnmn

Pa3paboTtka nnatpopmbl cuHTe3da pyHKUMoHanbHbIX MPHK (PHK-BaKuuHbI)



AHanun3 6enok-6enkoBbIX B3auMoaenCcTBUU reHoB,
anddepeHumanbHO 3KCNpecCcUpyemMbiX B MOHOKNMOHaNbHbIX NTIMHUAX

BHeKkneToyHas opraHu3auus
maTpukca (GO:0030198)

Jak-STAT
CUTrHanbHbIU

@r«ﬁ\u . .l : ¢ : v/ ' ~ . - \
~~~~~~ - 5 : "»> s o 4 " _ KaCKaH

OTBeT Ha BUpyc

(GO:0030198) —
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