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Cil cviceni
Potlaceni/umléeni exprese vybraného genu

mutageneze v genomu pomoci metody
CRISPR/Cas9

post-transkriplim uml¢enim exprese pomoci
shRNA
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CRISPR/Cas9

CRISPR-associated protein 9 - nukledza ze Streptococcus pyogenes
adaptivni imunita bakterii proti virim (obecné cizorodé DNA)

RGN - RNA-guided nuclease

sekvencni specifita je dana interakci DNA-RNA

Bakterie - inkorporace cizorodé DNA do CRISPR repetic v genomu
- tyto ndsledné prepsdny do RNA (crRNA)

Protospacer

crRNA - photospacer - fragment cizorodé DNA
- CRISPR repetici
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CRISPR/Cas9

crRNA poté hybridizuje s transaktivujici

CRISPR RNA (tracrRNA)

tento komplex RNA interaguje s Cas9
nukledzou

photospacer RNA navede cely komplex k
cizorodé DNA (komplementarita sekvenci)

vysledny ribonukleoproteinovy komplex

stépi cizorodou komplementdrni DNA

Protospacer tracrRNA
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CRISPR/Cas9

cely systém modifikovdn pro cilenou
mutagenezi

Vektor:

- guideRNA (gRNA) = crRNA + tracr RNA

- soucdsti gRNA i 20nt komplementadrni
Usek k cilovému mistu v genomové DNA

+ koexprese Cas9 nukledazy
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CRISPR/Cas9

PAM - photospacer adjacent motif

- sekvence v tésném sousedstvi s gDNA

- hutnad pro U¢inné stépeni Cas9 nukledzou
- plivodni systém ,NGG" (ale vyvoj systému s jinymi sekvencemi)
- dle systému cilova sekvence musi byt ve formdtu N,,GG
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CRISPR/Cas9 - zvyseni specifity
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Cas9:gRNA complex 1 Cas9:gRNA complex 2
Cas9 nikdzy - mutanti v jedné doméneé 1 varget ginging
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C RI S PR/ CGS 9 http://genome-engineering.org/gecko/

http://www.addgene.org/crispr/ :s% G e C KO
dostupné vektory i
knihovny gDNA pro rizné organismy —
validované gRNA B 8T prr

- rdzné firmy - rizné platformy (modifikace ptvodniho systému)

pro design |ze vyuzit dostupny software

http://crispr.mit.edu/
http://www.e-crisp.orq/E-CRISP/
https://omictools.com/crispr-cas9-category
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design CRISPR/Cas9

Sekvence genu véetné znalosti kde zacinaji a konéi exony
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gottyotoan
CoCgasgoea
gogyggaccag
AMCCCageEa
cattotoatg
agytyacote
caasagyoes
sacaaagtLe
agottotooo
tgtggocayy
LogoCtotot




human B-Myb

266
totocggoggacgogotg
acgagcagctgagggooctggtgaggcagtttgga

cagcaggactggaagttoctggecagecacttccct

gtcatcgagctggttaagaag

Kédujici sekvence genu s vyzna€enymi exony
max 250 nt dlouhd

http://crispr.mit.edu/




o

G

Homo sapiens MYB proto-oncogene like 2 (MYBL2), transcript variant 2, mEkS

2,713 bp linear mENA,

AccessioTM_001 278610 TN G A196ERTE2
GenBank ST S

Homo sapiens MYB proto-oncogene like 2 (MYBL2), transcript variant 1, mEkS
2,785 bp line

Accessiof NM_002466.3

5151 9EEET S
GenBank EA raphics

é @ https:jiblast.nchi.nim.nib,gov Blast . coiPPAGE_TYPE=BlastSearch®BLAST _SPEC=hlastZsensL INK_LOC=alignzseq

[ | |B’ Google

Plers & & 2

U.S. National Library of Medicine NCBI National Center for Biotechnology Information

Sign in to NCBI

@
BLAST » blastn suite

Home

Align Sequences Nucleotide BLAST

J blastn | blastp | blastx | thlastn | tblastx |

Recent Results

Saved Strategies Help

BLASTH programs search ] J using a
Enter Query Sequence i b
En ien numberfs), gi(s}), or FASTA sequence(s) & Clear Ouery subrange &)
MM 0012786101 ) —
— From | |
To | |

Or. upload file Soubor nevyhran. 7]

Job Title |F~J_I\H_Dm 278610:Homo sapiens MY proto-oncogene..
Enter a descriptive title for your BLAST search &

[#] Align two or more sequences &

Enter Subject Sequence

Wn number(s}, gi(s), or FASTA sequence(s) & Clear Subjectsubrange &
M 00z466. 3|
From

o[ ]
Or. upload file Soubor nevybran. &

Program Selection

Optimize for @ Highly similar sequences (megablast)
O More dissimilar sequences (discontiguous rmegablast)
O Sormewhat similar sequences (hlastn)
Choose a BLAST algorithm &

Search nucleotide sequence using Megablast (Optimize for highly similar sequences)

I show results in a new window

UETY. MOIE...

Reset page

Blookimark




Distribution of the top 2 Blast Hits on 1 subject sequences &

house over to see the title, click to show alignments

Color key for alignment scores
W40 W 40-50 W co-50 Wl c0-200 =200

1 550 1100 1650 2200 2750

266
atgtctoggoggacgogotdg

- u tfranskriptu 2 chybi 3. exon (zeleny)




< crispr.mit.edu

[ m' Google

Pl aBe & #®

CRISPR DEsIGN

Submit

Submit @ single sequence Tor CRISPR design and analysis.

search name ™

email address * phenesE@sc.muni cz

sequence type & other region (23-5300 nt)
(> unigue genamic region (23-300 nt) |

target genome (& human (hg19)

O mouse (mm3)
(O zebrafish (danRerT)

sequence | sfticggoggacgooctycgaggatctggatoan ctoea chamse
agpacacagatcagatytycoggageagagogatageaagton
aagotcasatggacccatyagoaggacgancagctgaggooect
gotgaggcagttygacageaggactygaagcetygooagecac

tecetaaccgractgaccageastyocagtacag gy otoan a

By subrnitting your guery, you agree that the results obtained
fromm this webh tool will only be used as a reference for
non-clinical research purposes.

{ Agree and submit |

Batch Mode

Help Faorum

Single sequence




Soubor Uprawy  Zobrazeni  Historie  Z& Mastroje:  Mapoweda

@ lenticrispry - Hiedat Googlem X EReTalTr=l Ras b sR ol o] x Homo sapiens MYE proto-on... X MCEI Blast:Nucleokide Sequ... X l Yyhladay -Kontakky-.. X Tereza Dohnalows Danbofer...
€ | P | @ crisprmit.adufioh(715734579048491 ¢ | |8 - sooge LPlHEB &8 A& 2 =
CRISPR DESIGN = ]OB "B-MYB’ Help  Forum

CRISPR Job Submission "B-myb"

Status: Job is complete.

Downloads Job Info Results
Results

slew anling results for B-myh

Guides & offtargets

=

Download as genbank

Nickase analysis . o .
¥ The “zipper-hke” annealmng

mechanics  may  explam  why
nusmatches  between the target
sequence m the 3 zeed sequence
completely abohsh target cleavage,
whereas nusmatches toward the 5
end are pernmssive for target
cleavage.

Download as genbank

Zhang Lab, MIT 2015

°) Optimized CRISPR De.., . E Lentiviral CRISPR toaol,., . ﬂh‘} trop2 myb_crisprno... i Dorucens posta - Mic,.,




Soubor  Cpray fobrazeni’  Histarie

@ lentictisprvZ - Hledat Googlem X

Homo sapiens MYE proko-ori... % MCEI Blast:Mucleotide Sequ.. * l Wehledavani osob-Konkakky-..

{' e crispr.mit.edufnickf7 167 34579046421 & | |m = iaoogle

CRISPR DESIGN JOE"B-MYBR"  NICKASE

job is not mapped to the genome

Double Nickase Design

All Pairs Top Pairs

Sorted by score,

wiew top pairs by overhang subregion.
Export all pairs to GENBANK

Help

e
Farum =

@ NoTilter (finds all guide pairs in the query S el
~
range score O Guide pairs overlapping a subregion from base(s) 112 to 112 (drag below specity 2 region
et e Explain this View
N = cozx = 45
g6
L :
|0 "l 50 llDO I150 IZOD
14
¥
47 .. 109 (click to select 47 ..109) Export to GENBARK
|
5! - T T
- ] 50 100 - 150 200 225
=3

B QL 1150




:: ] 50 - : lo0 - 150 200 ZES
I
Overhang region Guide A Guide B Pair score, A& B
GAGCAGAGGEATAGCAAGTE JAf GATCARATGGACCCATEAGSE

quality quality quality
high high high

cuts after position cuts after position # offtarget pairs of A& B
69 i guery 11210 guery o

sequence sequence # genic OT pairs of A& B

ACTTGCTATCCCTCTGOTCCGE ) GETCAAATGHACCCATGAGGAGS o

70 HQ =
237 1581

# genic offtargets # genic offtargets
33 16

Export off-targets to .csv Export off-targets to .csy

- obé sekvence |ze vklonovat do jediného vektoru s mutantni formou Cas9 (nikdzou)




soubor Uprawy  Zobrazeni  Historie

@ lenticrispre2 - Hiedat Googlem % ORIEE Kb Ry

x Homo sapiens MYE proto-on... X% r'-J':ZEiI EBlast:Mucleotide Sequ... X

osob-Kontakky-.. X E] Tereza Dohnalows Danbofer.. X

€& P | @ crispromitiedufioh|716734579046491

c | |m' Google

FPleere ¥ a 2 =

CRISPR DesigN  JoB 'B

CRISPR Job Submission "B-myb"

Status: Job is complete.

Results

“iew anling results for B-myh

Guides & offtargets Nickase analysis

Download as genbank Download as genbank

Zhang Lab, MIT 2015

Help Forum

Downloads Job Info Results




Lh B_myb!!

Interactive results:

hgld

all guides

Bt

#4 [ > > 22> >
§2 £3 [ > [ > > £5
[ >
a o9 o4
— — — &
< 1
<1
guide #1  quality score: 86

scored by inverse likelinood of offtarget binding

score
Guide #1 86

lide #2 85
Licle #3 82
GLICE #4 80
Uide #5 80
Fuide #6 75
HJuide #7 T3
Huide #a 71
Huide #49 70
Guide #10 T0
Uidde #11 70

Lide #12 T0
idle #13 87
uide #14 65
Guide #15 62
Suide #16 &1

CATTGCTGGTCAGTECEETT
GTCTCG e
TCTEGATEAGC TECACTACC
ATTCAGATETGCCGGASCAG
CTEACCAGCAATGCCAGTAC
CAAGGTCARATGGACCCATG
GOCACCTGETACTEECATTZC
GETCAAATGEACCCATEAGG
ACCAGCAATGCCAGTACAGS
GOEFGFACGIGETECGAGEATC
GETCAGTECEETTAGGEARG
TTCAGATGTEC CGGAGCAGA
GOTGETCCARACTECCTCACC
ATTGCTGETCAGTGCGETTA
GETGEAGGCAGTTTGEACAGT
GEACACAGATTCAGATGETEC

AGG
AGG
ALGG
AGG
AGG
ALGG
TGG
AGG
TG
TG
TGG
GGG
AGG
GGG
ALGG
CGG

guide sequence: CATTGCTGGTCAGTECGGTT ARG

oh-target locus: unknown

number of offtarget sites: 100 (11 are in genes)

GATTTCTGTACAGTGCEETTCAG

TAC A TEETs ] TCAG
TAGTGCTEGECAGTGCTGTTAGS
CATGGTTTCTCAGTGCGGTTGAS
CTTTGCTCGTCAGGGCGETTGES
CATTGCTEGCCAGTECTETAAGS
GAGTGCTEGTETETECGETTCAG
CEFTGCTECTCAGTGCAGTTCAG
COTTGCTEGTEAGTEC G TTAGS
CACTACTGATCAGTGCTGTTALG
CTCTGCTTGTCAGTECEATTGEE
CTCTGCTTGTCAGTECGATTGGE
CATTTGTGGACAATGCGGTTALG
GATGGCTEGECCAGTGCGETTITGCRS

o o o o o o o o o oo o O

L L I - O T = T I = S

4pM= [1:3:10:17]
4MM= [4:6:8:9]
MMz [Z2:8:14)]

Irm= [10:17:20]
dpm= [1:3:11:12]
AMMs [2:3:9:17]
IMMs [2:11:18]

4=
4=
And=
41z
4=

EEEISE
[ZHE
HCH
E:
L

[2

[5:
[1:

9:17]
8:18]
8:18]
10:13]
10:18]

Spacers

1 show all exonic

UCSC gene

NR_027018
NM 201551

NM 013402

locus

chrid:+128839272
chr3:+193871562
chrX:+64399765
chr3:+126101702
chrl1l1:-3829338
chrll:+209495952
chrl2:+110541575
chrll:-61573938
chrll:+688639605
chrl:+76254707
chrild:+123202533
chrild:+12318948¢6
chr¥:+17926685
chril:-6Z035902




CACCGE TCTGGATGAGCTGCACTACC
ARAC GGTAGTGCAGUCTCATCCAGA C

—_——

Target Guide Sequence Cloning Protocol

In order to clone the target sequence into the lentiCRISPRvZ2 or lentiGuide-Puro backbone, synthesize two oligos of
the following form. All plasmids have the same overhangs after BsmB/ digestion and the same oligos can be
used for cloning into lentiCRISPRv2, lentiGuide-Puro or lentiCRISPRv1.

Oligo 1 » 5/ — CACCGNNNNNNNNNNNNNNNNNNNN - 3

= CNNNNNNNNNNNNNNNNNNNNCAAA - 57 Oligo 2
Example oligo design: Note that the 1G5 PAM is not included in the design_ed oligos.
Genomic 5’ —...GACCACAGTCTGATCAGTTTTCCTTGGGCTGCAA. ..— 3’
Sequence 3’ - .. .CTGGTGTCAGACTAGTCAAAAGGAACCCGACGTT...- 5’
Oligo 1 *» 5 — CACCGCAGTCTGATCAGTTTTCCTT =

g = CGTCAGACTAGTCAAAAGGAACAAA — DOf Oligo 2




o el

psi+ HHE
Y )

Ue 2kbfiler EFS SpCas3 FLAG P2A Puro WFPRE

‘.tﬁfﬁ_ﬂ

lentiCRISPRvZ

BemE! Bsmb

\ RE BsmBI (ESp3I)

CACCGTCTGGATGAGCTGCACTACT

AAMNCGGTAGTECAGCTCATCCAGAT

il

CACCGTCTGEATFAGCTGCACTACT

CAGACCTACTCGACGTGATGGCARR ‘///////////

ligace, transformace E. coli ligacni smési, expanze klond, izolace plazmidové DNA,
sekvenace




dalsi postup ...

prenos plazmidu do eukaryotickych bunék (transfekce)

selekce a expanze puromycin-rezistentnich bunék

priprava jednotlivych klonl metodou limitniho Fedéni

analyza exprese cilového genu na Urovni proteinu (westerniv prenos)
izolace genomové DNA klonu(li) s nulovou expresi cilového proteinu
amplifikace cileného Useku genomové DNA (200-400 nt)

Genomova DNA:

caataaaaataagtgaageagaagtgoctatgteottaaaaagaagaaaaagtaagageocteteteccoccagacct
Ltcocctagggtgggoctggocgetgectacacgttctccattatgtaaaacatatggacacaccatoecttgaccet
tggcctgectttccccatag tctggatgagotgeactacc

tgagtgccatggggaagagagggttgatggoagetg
gagaggctgtocagaggaactgagoctggagtgtatttgatgtotoatcagatgggatgaagaggaggagocggtga
aggaagggatgggtcctctgattgtocteoatgoctcttctcagagoattctgggggattoctcaattttgaggact
cagtgggtgggaaggggatgtgtgtectagacctocagggeccattgtgtetecctgagragetgecatgthtoctatyg
tcatggacattgattgtgotttttgocttttgactgoctaggaggtttggoccaaatctgtaactoccococcaccctt

Xhol
FAGC CTCGEAG ALAGTGAAGCAGALAGTECCTAT (=
FAGC AACCTT ACCTCCTAGCAGTCAALLGEC

HindIIT




dalsi postup ...

klonovani zacileného dseku genomové DNA do plazmidu vhodného pro
sekvenaci (napr. pGL3)

sekvenace urcéitého po¢tu klont (2 alely genu - min. 4 klony)
analyza sekvenacnich vystupl, identifikace mutaci a jejich vyznamu (ORF)

Jaké mutace lze oéekavat?

jakékoli (nejcastéji malé inzerce/delece)
Cas9 stépi DNA 3-4 nukleotidy upstream od PAM sekvence

idedlni jsou malé posunové mutace, které méni ¢teci ramec
— predéasny stop kodon

https://www.ncbi.nlm.nih.gov/orffinder




Soubor  pravy  Zobrazeni  Historie

Optimized CRISPR Design » I B A e T S = Hormie - ORFfinder - NCBI

('_ 3 & kbps ) s, mcki, Al nibc goviarflinder c | |E' Google )| ‘ﬁ" E ‘ ‘ﬁ' Z =

ORF finder searches for open reading frames (ORFs) in the DNA sequence you enter. The program returns the range of
each ORF, along with its protein translation. Use ORF finder to search newly seguenced DMA for potential protein
encoding segments, verify predicted protein using newly developed SMART BLAST or regular BLASTF.

L ]
This web version of the ORF finder is limited to the subrange of the query sequence up to 50 kb long. Stand-alone version, O R F f l n d e r
which doesn't have gquery sequence length limitation, is available for Linuy x54.

Examples (click to set values, then click Submit button)

o MC 011604 Salmonella enterica plasmid pWWES-1; genetic code: 11, ‘AT and alternative initiation codons;
minimal ORF length: 300 nt
o MM 000059, genetic code: 1, start codon: 'ATG only'; minimal ORF length. 150 nt

— Enter Query Sequence

& Entera ion number, gi, or nucleotide sequence in FASTA format:

9 From: | 2| To: | &

—— Choose Search Parameters

% Minimal ORF length {nt}: |_?5 e
& Genetic code: | 1. Standard ¥
& ORF start codon to use:

@ “ATG" anly
O "ATG" and alternative initiation codans
o Any sense codon

& Ignore nested ORFs: [l

—— Start Search/ Clear

4 Fiear) "
.

) Horme - ORFFindzr - N, | Dorugend posta - Mic,., E! Schirankal 3 - Irfaniiew Ve Microsoft PowerPaint .., brop2_myb_crispromo,. cs "('I_.' QL 1448




B-Myb

Open Reading Frame Viewer

Sequence

ORFs found: 10 Genetic code: 1

Start codon: "ATG only

1: 1.2.1K (2.1Kbp) ~ | Find: o [l= =S W] @, Ao soeTools - | fETracks & 7 -
orr1 & NS [ [ |4@@ |5 [ |7a@ |@@ [ LK |L18@ [L288 L3088  |L488 1566 |1E0  |L7@E LSRG 18R |2 K
ORFfinder 1.18.145630180 (TR #

»> »> > > > > ORF1 »> »> » > > >
ORFE ORF7 ORFLE I e RF4
0. ORF: T ORFE T ORF2 £ 4 4 ]
1 |tem |za@ |z@@ |4@@ [ |ea@ | 7o ] 3@ LK |L18@ [t,2m@ [t @@ [ 48 |L588 [t E@@ [t 7@ [1598 |t 508 2K
[ Add six-frarme translation track

ORF1 (700 aa) Display ORF as... Mark subset... Marked: 0 Download marked set | as | Protein FASTA [+

Pl | YL Al Label Strand Frame Start Stop Length (nt | aa)

MEEETECEDLDELHY QD TDEDVEEQEDSKCKVETTHEED E

QLEALVEQFGQQDWEF LASHF PNETDQQC T EVLEVLNED ORF1 = 1 Q 2103 2103 | 7@

LVEGPUTEEEDQKVIELVEEY GTKQWTL [AKHLEGELGEQ

CRERVHNHLNPEVEKSCUTEEEDRITICEANKVLGNETAET ORF5 e 2 2093 1821 5731190

AFMLPGRIDNAVENHUNS T IKREVD TGGFLEESKDCKPPV

YLLLELEDEDGLOSAQPTEGOGSLLTHWPSYPPTIEEEEN ORF& - 2 437 42 396 | 131

SEEELAAATTSKEQEPIGTDLDAVRTFEPLEEFPEREDQE

CSDPETSLPYRWVVEAANLLIPAVCESLSEALDLIESDDD ORF4 > 1 1500 1135 366 | 121

AWCDLSKFDLPEEPSAEDS INNS LVOLOASHOQQVLEFR

PSALVPSVTEYRELDGHTISDLSRSSEGELIFISPSTEVGE ORF? - 2 770 522 243 |82

3CIGTPPEVLERQEKEEVALS PV TENSTELEFLDSCNSLT

PESTPVRTLIFSPSQFLNFUNRQDTLELESPSLISTIVCS % ORFE ) 2 1208 1053 156 | 51

QEVVWTTPLHEDET P LHOKHAAFYTPDOKY SMDNTPHTPT ORF2 + 5 1 127 56 | 31

[ l ORF3 + 3 204 2965 93|30
SmartBLAST ORF1
ORF3 - 3 1423 1337 87 128 0
BLAST ORF1 BLAST marked set =
mneEAn 2 A0 n4T L S W = —

BLAST Database:
| UniProtkB/Swiss-Prot (swissprot)

¥




B-Myb - mutovany

Open Reading Frame Viewer

Sequence

(ORFs found: 10 Genetic code: 1 Start codon: "ATG” only

1:1..2.1K (2.1Kbp) - | Find: v &N @, AT FeTooks - | ¥ Tracks 2 P -
1 [taa |ze8 [l I oris & IEEE |788 [T [ LK [t.120 [Leee  |L3ee  [n4@a  |LSee  [LEEE  [L7Be  [LSee  [L9Be |2k
ORFfinder_l.18.15037395 ' TR ®
s o ORF3

T Y ORFS ORF7 BT ORF1a ORF4
I ORFS I ORFS ] < = =

L |tee =00 e 450 [ |E5a |7oa [ L [L& [tL188  |LEe@ (1388 |L4BE  [LEGE  [LE@@ (1788 1@@A  |Lsem |2k

’ Add six-frame translation track

ORF3 (538 aa) Display ORF as... Mark subset... Wlarked: 0 Download marked set | as | Protein FASTA [+

Sllal | O A Label Strand Frarne Start Stop Length (rt | aa)
MLPGRTDHAVENHUNS T IKEKVD TGGFLSESEDCKPPVYL

LLELEDEDGLQSAQPTEGQGSLLTHWPSYPPTIKEEENSE ORE3 o 3 486 =2102 1617 |538
EELAAATTSKEQEPIGTDLDAVRETPEPLEEFPEKREDQEGS

PPETSLEYHUVVEAANLLIPAVGSSLSEALDLIESD PDAW ORFA - 2 2092 1520 5731130
CDLSKFDLPEEPSAEDSINNSLVQLOASHOQOVLEPRAPS

ALVPSVTEYRLDGHTISDLERSSRGELIPISPETEVEGEE ORFS - 2 436 4 396 [ 131
IGTPPEVLERQRKREVALSPVTENSTSLSFLDSCHSLTPE

STDVETLPFSISQFLNFUNKIDTLELESPSLTSTIVOSQE ORF4 > 1 1459 1134 366 | 121
YVYTTPLHRDKTPLHQEHALFWT PD QEY SMDNTPHIPTPF

FNALEKYGPLEPLPQTPHLEEDLEEVLRSEAGIELIIEDD ORF? - 2 7E9 521 243 |82
IRPEEQEREPGLERSPIFEVERSLALDTVDEDVELMMSTL

PESLSLPTTAPSNSSSLTLSGIKEDNSLLNQGFLOAKFEE ¥ ORFE . 2 1207 1052 156 151
AAVAOKPRSHFTTEAPMSSAWETVACGGTEDOLFMOERAR ORF1 + 1 Q 196 125D

[ = R ] ORF2 + 2 203 295 93130
mart
ORF9 = & 1422 1336 87 |28

BLAST ORF3 BLAST marked set v
[ Imi=tin] | AN nAr Ll W [} —

BLAST Database:
|UniF'rDtKEIfSwiss-F'mt (swissprot) V|




Organizace cvic¢eni (CRISPR)

skupiny po 12 lidech (2x 6 hod praktickych cvicent)
Kazda skupina

.. pred praktickou ¢asti cviceni ...

pridélen jeden cilovy gen
ndavrh strategie cilené mutageneze tohoto genu metodou CRISPR (miniprojekt)
zasldni nejpozdéji v posledni nedéli pred za¢dtkem cvik na pbenes@sci.muni.cz

.. po praktické casti cviceni ...

vysledky ziskané na cvi¢enich budou zpracovdny do tohoto miniprojektu
véetné analyzy sekvenaénich vystupll
vcetné vyhodnoceni vyznamu vzniklych mutaci pro translaci cilového genu




Miniprojekt (.doc)

stru¢ny dvod + cil

detailni popis ndvrhu gRNA sekvenci pro vybrany gen

strucny popis vysledku dil¢ich kroki cilené mutageneze z praktickych cvi¢eni
analyza vystupl ze sekvenace genomové DNA ziskanych klon

zaver




RNA interference

http://www.nature.com/nrg/multimedia/rnai/animation/index.html
mechanismus post-transkripcniho uml¢ovani gent

vyuziva dvouretézcové RNA pro interferenci s genovou expresi
(dsRNA efektivnéjsi nez ssRNA)

podstatou je enzymovad degradace nebo zastaveni translace
specifické mRNA

mMiRNA vs siRNA




siRNA

malé nekddujici dsRNA o velikosti 21-25 nukleotidt

negativni re ulé,’ror'g [\?eno,vé exprese, které obvykle zprostredkovdvaji
degradaci cilové mRNA (dplnd homologie)

exogenni plvod (viry, syntetické)
v cytoplazmé procesovany proteinem Dicer

siRNA se vaze k,RISC,é'edno vldkno se degraduje a druhé
zprostredkovdva degradaci nebo inhibici translace prislusné mRNA

Double
overfiang

4 OLORO10ACIOIOIOIOICICICIOIOLCIOICIOIONC O
111 POOOEOO®O-

*@ @ @ € ® O 6© @®
R Sense strand
Double Directed mRNA / (passenger

. strand)
Antizense strand
{guide strand)

overhang cleavage site




~ S~ dsRNA

Dicer

//—#:_.---} }?,_;:J-;iﬂ NA

RISC protein
companents
[, S
T == RISC
=
siEMA unwinding
A Activated
— RISC

Assocaton with
target mRMA

= =l

T — Target mAMA
" m— Cleavage

e Senize
e Anftisenss

e Target mRMNA

/70000000, gDNA

L E E Pre-miRNA

; E

Pri-miRNA Pasha
/DGCR8

NUCLEUS

o

CYTOPLASM
miR/miR* p +
orsiRNAduplex  _ TTTTTITIITIIIIIT o
(21-25 nt long small RNA) B
asymmetric RISC assembly
P-BODIES P-BODIES

capped

target MRNA target mRNA

partial homology
>> TRANSLATIONAL
REPRESSION

most animal miRNAs

perfect homology
>> mMRNA CLEAVAGE

most plant miRNAs, and siRNAs




MiRNA versus siRNA

obé RNA negativné reguluji translaci
miRNA je endogenni, siRNA je exogenni

miRNA miZe, ale obvykle neni dpIné komplementdrni uréitému
transkriptu, proto jedna miRNA muze blokovat translaci
nékolika/mnoha transkriptu (desitky az stovky)

siRNA je obvykle zcela komplementdrni - obvykle stépeni jediné
cilové mRNA




siRNA design

validované siRNA dnes dodava rada firem (Dharmacon, Thermofisher, ...)

razny algoritmus, délka
chemické modifikace (zvyseni stability, redukce of f-target efektd)...

smési siRNA




siRNA design

21-25 nt

2 nukleotidy presah na 3 koncich (obvykle UU)

30-60% GC

ne cilené proti introntim, UTR a blizko ATG a terminacniho kodénu

homologie pouze k cilové mRNA
https://rnaidesigner.lifetechnologies.com/rnaiexpress/

http://dharmacon.gelifesciences.com/design-center/
http://www.sirnawizard.com/design.php




shRNA

produkovany z exogenniho
vektoru

promotor polymerdzy IIT

syntéza a zpracovani v burice
obdobné jako i mikroRNA

d BamHI

B ontioo

b

shRNA/PIK1

5% GUGCUUCGHGAUCGGHCUU
3~ uuc ACGMGCUCUAGCCUGGGUQ_

L.

siRNA shRNA

Startlng harsananns #——
molecule " ‘o DNA plasmid
g (RNA pol lll promoter)
Processing by )
siRNA shRNA
l’ S
LU
Targets % dSRNA
Gene >I<
suppression v

siRNA/PIk1

GUGCUUCGAGAUCGGACUU
UUCACGAAGCUCUAGCCUG -5




—>
pot i promors [N, > [ e
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atgtctoggoggacgegectgcgaggatotggatgagetgeactaccaggacacagattcagatgtgooggageadg
agggatagcaagtgceaaggtcaaatggaceocatgagqgaggacgageagectgagggecctggtgaggeagtttgga
cagoaggactggaagttoctggocageocacttcocctaacogoactgaccagecaatgocagtacaggtggetgaga
gttttgaatccagaccttgtcaaggggocatggaccaaagaggaagaccaaaaagtecatcgagetggttaagaag
tatggracaaagcagtggacactgattgocaageacctgaagggocggoctggggaageagtgocgtgaacget gy
cacaaccacctcaaccctgaggtgaagaagtcttgoctggacocgaggagdgadgacogeatocatetgegaggoccac
aaggtgotgggeaaccgctgggecgagategocaagatgttgocagggaggacagacaatgectgtgaagaatcac
tggaactcotaccatcaaaagqgaaggtggacacaggaggettcttgagegagtecagagactgcaagoococagtyg
tacttgoctgeotggagoctcgaggacaaggacggoctccagagtgoccagoccacggaadgocagggaagtottctyg
accaactggeoccteeogtccctoctacrataaaggaggaggaaaacagtgaggaggaacttgcagragocaccacs
tcgaaggaacaggagoccatcggtacagatoctggacgcagtgogaacaccagageccttggaggaattooccgaadg
cgtgaggaccagdggaaggotococaccagaaacdagoctgocttacaagtgggtggtggaggoagoctaacctocto
atccotgetgtgggttctagectoctotgaagecctggacttgatcgagteggaccctgatgettggtgtgacctyg
agtaaatttgacctococctgaggaaccatoctgocagadggacagtatcaacaacagectagtgoagetgoaagogtca
catcagcagcaagtcctgocaccocgecagecttcogecctggtgoeccagtgtgacocgagtacegectggatgge
cacaccatctcagacctgagooggadoagoecgdagogagetgatoecccatctococcagoactgaagtegggggc
tctggoattggeoacaccgooctctgtgotocaagogdgeadaggaagaggogtgtggctetgtecccctgtoactgag
aatagcaccagtctgteocttcocctggattoctgtaacagectcacgoocaagagecacacctgttaagacococtgece
ttctogoocctooccagtitoctgaacttotggaacaaacaggacacattggagotggagagoocctogotgacat oo
accccagtgtgeoagocagaaggtggtggtoaccacaccactgracocgggacaagacacccctgoaccagaaacat
gctgogtttgtaaccoccoccagatcagaagtactocatggacaacactooecacacgccaaccocgttecaagaacgee
ctggagaadtacggaccoctgaagoecoctgocacagaccoogecacctggadgaggacttgaaggaggtgetgogt
tctgaggotggeoatcgaactcatcatocgaggacgacat caggoocgagaagoadaadgadggaagoctgggotgogyg
cggagccccatcaagaaagtooggaagtetctggetocttgacattgtggatgaggatgtgaagetgatgatgtec
acactgococcaagtctoctatocttgocgacaactgecccttcaaactottocagectocaccotgtcaggtatocaaa
gaagacaacagcttgetcaaccagggettottgeaggecaagoocgagaaggeagcagbggocccagaagooccda
agccacttcacgacacctgeccctatgtocagtgectggaagacggtggectgegggdggaccagggaccagett
ttcatgoaggagaaagcocccggoagetoctgggocgectgaagoocagocacacatcteggacccteatottgt oo
tga
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9 HELP
BLOCK-IT™ RNAIi Designer

The easiest way to design effective RHAI molecules for great results

See also:
BLOCK-AT™ RMNAI Express: Simplified online ordering of pre-designed and validated Steatth Select RMAI™ siRMA,.

Synthetics for in vivo RNAi
PlateSelect™: Order made-on-dernand RMAIin customizable plate format at Tnmaole scalel

[ 1

Target Design Stealth RMAI™ siRMA @ miR RRA @ siRNA to Steatth RIAT siRMA siRMA to shRMA

Options:

Find out more about Stealth RNAI™ siRNA, the next generation RNAI molecule or read about the benefits of BLOCK.iT™ siRNA.  How to Order

Step 1: Enter an accession number or provide a nucleotide sequence

Accession number:

OR

Nucleotide sequence: Enter only A, C, G, T, and U. See the anline Help for additional information
stotctoogoggacycactycoagoatctygstoagctocactaccaggacacaystic agstataccogagcagaguastagc aagty caagutcasstygacocatgayyayyacyaycay ctosgygooctoptyangcattyos
cagcaggactygaagttcctggecagocacttcoctaaccycactyaccagcastyocagtacagatyyctyagatittyastccagac chtigte sagygyccatygacoasagayyaagac caassagtcatcgagctyottaagaagta
tygeacasaycagtygacact yattyocasgcacctyaaggycoyyctyyygaagcagtgocatyaacyotyycacaaccacctcas cocty gt ftettoctygace cocatcatctycgaygoccac
sagotgctygacascogctyygocyagatcgocaagatattgee agacastoc tcactggaactctacoatcaasagysagotogacacaggagyctictigageyactcoasagactycasgocoocagty
tacttgctoctygagotcgaggacaaggacygocticcagagtgoccagcocacgyaagy coagyyaagtcitctgaccaactggcoctco gtecctoctaccatasaggagyaggasaacagtnaggaggaacttycagcagocaccac
atcgaagyaacagyagcccatcgatacagatctggacycagtycyaacaccagagoccttgyagyssttcccyaaycotyagyaccaggaagyctcocccaccagaaacyagoctogc ctacaagtgoataatagagacagctaacctc
ctoatccctgctatggotictagootctctyaagcoctyyacttgatcgamtcogac cotaaty citgatotgacctyamtasstttgaccticoctyag gaaccatctacagagyacactatcaacaacagc ctagtocagotycasgcatcacate
agcagcaagtoctyccaccooyccagocttcogooctyatocooagtatyacogagtaccy cotggstggccacaccatctoagacctgagoogyagcagcoggyocyagctyatccoc atctccoocagoactyaagtoggggoctot

gycattyocacaccycoctotatyctcasyoggcaganuaagagyoatatygctotate coctatcactyagaataycaccagtctotc ctc ctgoattcctotascagoctcacyocoaagagoacacctgtasgaccotyooctctogee




Step 2: If you entered an accession number in Step 1, select regions for target design

Open reading frame (ORF) n ' UTR A 3 UTR

Hurman - Homo sapiens w NOTE: BLAST is used to compare input sequence with sequences in the database to find unigue regions against which to
design RMNAI targets. The databases contain representative gene sequences for that species. Blast databases were updated
on May 01, 2008 and the design output reflects the most up-to-date designs.

Step 4: Choose minimum and maximum G/C percentage

Minimum G/C percentage: 5% v Maximum G/C percentage: 55% ¥

Step 5: Select siRNA design options and click "RNAi Design” to design siRNA.

F: Proprietary (Recommended)

&) Default motif pattarn:

A AANIGITT B: MA(NTIIMN C: MARNTT YN D: MANTEYIMN

RHNAi Design Reset Form

Guarantee: The BLOCK-T™ EMAI Designer is such an eftective tool for the design of siRMASs that if you order the three best siEMA sequences designed by
the BELOCK-T™ RMAI Designer, we guarantee that two of them will give greater than 70% knockdown of mREMA, given that the transfection efficiency in vour
experiment is at least 80%. If twao or more fail to knock down your target RMA by at least 70% under these conditions, Invitrogen will design and ship a fourth
siRMNA to your target for free™.

O Tuschl's motif pattern:

*Please contact Invitrogen Technical Services to take advantage of this offer (800-355-6235 ext 2). Please be prepared to fax or emnail your order reference
numhber, aligo sequences and data showing your transfection efficiency and knockdown. This offer is good for one free duplex per target.

How to Order: You must have an account with Imvtrogen to arder custom oligos. After your oligos have been designed and added to the arder form, vou must
enter a valid custormer number that is keyed to your account. If yvou do nat already have an account, contact your local representative to set up ah account.

If you already know your RNAi oligo sequence: Order oligos online at Order Custorm Primers or by e-mail/Fax.




Recommended siRHA

Gene Name: LInknown Accession: LInknowen Gl: LInknown
Organism: LInknowen Length: 2103 ORF Region: LInknown
Defintion: LInknown

Continue View Blast Results Sort By: Start bl

e

Sequence(DNA) Tuschl's pattern match’

] 1 GLCATGGACCALAGAGGAL,

n 2 391 CCTGAGGTGAAGAMGTCTT 47 37
] 3 EBY COGTCCCTOCTACCATAAS, 5264
H 4 912 GGGTTCTAGCCTCTCTGAL 5254
] 5 9E5 GGTGTGACCTGAGTARAATT 4211
H B 1292 CCTTCCTGGATTCCTETAS, 47 37
] 7 1322 CCAAGAGCACACCTETTAS 47 37
] 8 1258  CCTCCCAGTITCTGAACTT 47 37
] g 1379 GGAACALACAGGACACATT 4211
n 10 1491 CCAGAAACATGCTGCGTIT 4737  BD

Continue

Tuschl's pattern” A=AAMNIDTT, B=MNAMNTDMM, C=NARNIZYY MM, D=NAN{17)YMM; Nucleatides: A = Adenine; T= Thymine; R = Adenine ar Guanine
(Purines); ¥ = Thymine or Cytosine (Pyrimidines); M= Any.

TNote: As a result of the recent update to the BLOCK-T™ RMAI Designer, the "Star Scaring System” has also been updated to reflect our mare highly refined
REMNAI duplex designs. Only the duplexes with the highest probability of success are provided which means that out of & possible five stars, no duplex has less
than a three-star ranking. YWhile each individual RNAI duplex is designed to achieve the highest quality results, we recommend selecting the top three
star-ranked designs for your target of interest to gquarantee your knockdown success,




BLOCK-IT™ RNAI Designer

The easiest way to design effective RHAI molecules for great results

See also:
BLOCKAT™ ENAI Express: Simplified online ardering of pre-desioned and validated Steatth Select RMA™ siRhA.

Synthetics for in vive RNAI

PlateSelect™: Order made-on-demand RMAI in customizable plate farmat at Tnmaole scalel

I

Target Design Stealth BMAI™ siERA siRNA miF R A shERA gifMA to Stealth RMA™ siRnA SiEMA to shRMA
Options:

Selected siRHA with negative control sequences

The negative control sequence for each selected siRNA is displayed. Select control sequences to order and click "Order Online’

Select order format first hefore

selecting products to order’: O Tube O Plate Order Online Email/Save Order
Select No. Name Start Sequence(DNA) Region GC% Rank

1 siRMA_ 252 252 GLCATGGACCAAAGAGGAA 52 64 i
I siRNA control_252 GLCCAGGAAACGAGTAGAA 52 64

2 siRMNA_ BRI a3 CCBTCCCTCCTACCATALL 52 64 Lt
0 SiRMNA_control B89 CCBCTCOCATCTAC CTAMA 52 64

3 SiRNA 1322 1322  CCAAGAGCACACCTGTTAA 4737 Yok
o SiRNA_control 1322 CCAGAACACCCGTTAGTAA 47 .37

4 siRMA_1358 1358 CCTCCCAGTTTCTGAACTT 47 37 e
I siRNA_control 1358 CCTTGACTCTTAAGCCCTT 47.37

g siRMA_ 1431 1431 CCAGAAACATGCTGCGTTT 47 37 Lt
M siRNA_control 1431 CCAACAATCGTGCGAGTTT 47.37




B HELP
BLOCK-IT™ RNAI Designer

The easiest way to design effective FHAI molecules for great results

See also:
BLOCK-T™ BMAI Express: Simplified onling ordering of pre-designed and validsted Stestth Select RMAT™ siRMA.

Synthetics for in vive BHAI

PlateSelect™: Order made-on-demand RMAI in customizable plate format at Tnmole scale!
[ 1

Target Design Stealth BRAI™ siRMNA SiRMA ik BRA shRMNA giRMA to Steath RMAT™ iR siRNA to shRNA
Options:

Convert siRHA to shRHA

Tao design shRMA based on existing siRMNA for cloning into Invitrogen's vectors, enter the sense siRMA sequence, select one of the default loop sequences or

enter a customn loop sequence, select appropriate vector and click 'Design shRMNA Oligo'. Select pENTE™/H1/TO vector for inducible expression and
pENTE™/LE for constitutive expression.

Sense siRNA Sequence

Default Loop Sequence Custom Loop Sequence
CGAL S PERTR™ H1/TO %

Design shRNA Oligo Reset Form




The easiest way to design effective RHAI molecules for great results

See also:
BLOCK-AT™ BMAI Express: Simplified online ordering of pre-designed and validated Stealth Select RMAI™ siRMA.

Synthetics for in vive BNAI

PlateSelect™: Order made-on-demand RRAL in customizable plate format at Tnmoale scalel
[

Target Design Stealth RMAI™ siRMA SiRMA (iR BRA shRMA giRNA to Steafth RRA™ siRRA siRNA to shRNA
Options:

Order shRHA Oligo

shRNA Oligo Features:

Sense Sequence Loop Sequence

Top Strand S -CACCGCCAT GGACCAAACAGAACGRATTCCTCTTTCGTCCATGRE -3
Bottom Strand L' -hbh AT CEACCAA A CACCAATTCGTTCCTCTTTGGTCCATGGE -2
d= Cligo L' -CACCGCCATGGACCAAACACCAACGRATTCCTCTTTGGTCCATGGC -2

FEETETEEEEr et ettt et et r ettt rer el
3'-CEGTACCTGGETTTCTCCTTGCT TARGLAGAAACCAGLTACC AR -5

Mote: You have to order both the top and bottom DA, strands (Minimum scale of synthesis = 50 nmole; 5' modifications = Mone; 3' Modifications = Mone; Purity = Desaltted). Anneal the top and
biottam strand oligos (shEMNA Annealing Protocol (PFOED to generste & doukle-stranded oligo with 4-nuclectide overhangs suitable for directional cloning into Invitrogen's BLOCR-T™
Inducible H1 BMAL Entry Wector (pERNTRE™/H1/TO).

Order Online Email/Save Order
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B-Myb shRNA

BamH |
5 GATCCGGCCATGGACCAAAGAGGAATTCAAGAGATTCCTCTTTGGTCCATGGCTTTTTT GG AAA3Z
| Sense | Loop | Antisense | Termination Signal

S’ AGCTTTTCCAAAAAAGCCATGGACCAAAGAGGAATCTCTTGAATTCCTCTTTGGTCCATGGCCG 3
Hind 1

BamH |
GATCCGGCCATGGACCAAAGAGGAATTCAAGAGATTCCTCTTTGGTCCATGGCTTTTTT GGAAA
GCCGGTACCTGGTTTCTCCTTAAGTTCTCTAAGGAGAAACCAGGTACCGAAAAAACCTTTTCGA
Hind Il

ligace, transformace E. coli ligaéni smési, expanze klond, izolace plazmidové DNA,
sekvenace




dalsi postup ...

prenos plazmidu do eukaryotickych bunék (prechodnd transfekce)

analyza exprese cilového genu na Urovni proteinu (westerniv prenos)




Organizace cvic¢eni (shRNA)

skupiny po 12 lidech (2x 6 hod praktickych cvicent)

Kazda skupina

.. pred praktickou ¢asti cviceni ...
pridélen jeden cilovy gen (stejny jako pro CRISPR)

navrh siRNA/shRNA sekvence (miniprojekt)
zaslani nejpozdéji v posledni nedéli pred za¢dtkem cvik na pbenes@sci.muni.cz

.. po praktické ¢asti cviceni ...

vysledky ziskané na cvi¢enich budou zpracovdny do tohoto miniprojektu




Miniprojekt (.doc)

struc¢ny dvod + cil
detailni popis ndvrhu gRNA a siRNA/shRNA sekvenci pro vybrany gen
strucny popis vysledku z praktickych cvicent:

a) dil¢ich krokl mutageneze cilového genu
b) diléich krokl posttranskripéniho uml¢ovdni cilového genu

analyza vystupl ze sekvenace genomové DNA ziskanych klon

zaver




Cilové geny

Mus musculus
Tacstd2 (Gene ID: 56753) - 30. brezna
Myb (Gene ID: 17863) - 6. dubna
Mybl|2 (Gene ID: 17865) - 20. dubna
Cxcll (Gene ID: 14825) - 27. dubna
Icaml (Gene ID: 15894) - 4. kvétna

Tnfrsf9 (Gene ID: 21942) - 11. kvétna




