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Cil cviceni
Potlaceni/umlceni exprese vybraného genu

mutageneze v genomu pomoci metody
CRISPR/Cas9

post-transkripéim uml¢enim exprese pomoci
shRNA

— funkce genu ...
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Cilend mutageneze primo v genomech
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Muclease-induced
double-strand break

NHEJ
Deletions Bisna
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Variable length
indels *
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Precise insertion or modification

od 80. let - Cetnost homologické rekombinace je zvysena indukci dsDNA zlomd

- snaha o vyvoj systému pro sekvencné specifickou tvorbu dsDNA zlom




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 ddna interakci DNA-RNA

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

Protospacer

crRNA - protospacer - fragment cizorodé DNA
- CRISPR repetice
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CRISPR/Cas9

crRNA poté hybridizuje s transaktivujici

CRISPR RNA (tracrRNA)

tento komplex RNA interaguje s Cas9
nukledzou

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

vysledny ribonukleoproteinovy komplex

stépi cizorodou komplementdrni DNA
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CRISPR/Cas9

cely systém modifikovdn pro cilenou
mutagenezi

Vektor:

- guideRNA (gRNA) = crRNA + tracr RNA

- soucasti gRNA i 20nt komplementarni
Usek k cilovému mistu v genomové DNA

+ koexprese Cas9 nukleazy
Cas9
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CRISPR/Cas9

PAM - protospacer adjacent motif

- sekvence v tésném sousedstvi s gDNA

- nutnd pro Ucinné stépeni Cas9 nukleazou
- plivodni systém .NGG" (ale vyvoj systému s jinymi sekvencemi)
- dle systému cilova sekvence musi byt ve formdtu N,,66
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Your gRNA target sequence tracrRNA
(most critical residues for specificity in red) 3




CRISPR/Cas9 - zvyseni specifity - nikazy

Pouze 20 nt navddéci sekvence

T4 off-target efekty

Cas9 - 2 nukleazové domény (RuvC, HNH) S.J S.J

Cas9 nikdzy - mutanti v jedné doméné

- indukce cilenych SSB

-design - 2x SSB blizko sebe

- a na opacnych retézcich

DSB
vyssi specifita (?)

gRNA 1 gRNA 2
.
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l Complex-formation

Cas9:gRNA complex 1 Cas9:gRNA complex 2

.l, Target Binding

Target 2+ PAM 2
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Dual nick (DSB) l
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l NHEJ
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Indels lead to insertions, deletions or frameshift

nebo vyuziti upravenych (vice specifickych forem Cas9) - SpCas9 - HF, eSpCas9




To KO gene - all you need is ...

Mammalian

Ué promoter SQRNA promoter

hCas9

3' CNNNNNNNNNNNNNNNNNNN 9

Plasmid - gRNA, Cas9 promotor (konstitutivni nebo inducibilni)
Virovy vektor
Transfekce RNA po in vitro franscripci

Transfekce komplexu Cas9 + gRNA
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CRISPR/Cas9

http://www.addgene.org/crispr/

dostupné vektory

Ruzné LifeTech firmy - rizné platformy (modifikace plvodniho systému)
knihovny gDNA pro rizné organismy
validované gRNA

Pro design Ize vyuZit dostupny software (vice nez 30 online softwarda)
https://en.wikipedia.org/wiki/CRISPR/Cas_Tools

http://crispor.tefor.net/
https://crispr.cos.uni-heidelberg.de/

+ vSechny vétsi i mensi Lifetech firmy




design CRISPR/Cas9

Sekvence genu véetné znalosti kde zacinaji a konéi exony

https://www.ncbi.nlm.nih.gov/
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Optimized CRISPR Design
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Nucleotide Nucleotide » |B-myb human mRNA % |

Create alet  Advanced

(@) The Mucleotide database will include EST and GSS sequences in early 2019. Read more.

Species Summary = 20 per page ~ Sort by Default order = Sendto- =  Filters: Manage Filters
Animals (§3)

Plants (7}

Fungi (3) Results by taxon
Bacteria (1) Top Organisms [Iree
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GENE Was this helpful? ol | " Mus musculus (15)

Molecule types Oryza sativa Japonica Group (3)
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(@ The Nucleotide database will include EST and GSS sequences in early 2019. Read more.
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Revision date
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Clear all
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Homo sapiens MYB proto-oncogene like 2 (MYBL2), transcript variant 1, mRNA Find in these sequences
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Accession: NM_002466.4 Gl 1519243668
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FOE RUEES Sone Find related data =
GenBank FASTA Graphic
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Homo sapiens MYB proio-oncogene like 2 (MYBLZ2), transcript variant 2, mRNA
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2,713 bp linear mRNA
Accession: NM_001278610.1 GI: 519666782

PubMed
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Graphics
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Homo sapiens MYB proto-oncogene like 2 (MYBL2), transcript variant 1, mRNA

MCEl Reference Sequence: Nh_002486.3
FASTA  Graphics
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NI 002466 2785 bp mRIA linear PRI 07-0CT-Z016
Homo sapiens MYE proto-oncogene like 2 (MYBLZ), transcript wariant
1, mBEMA4.

NI O0Z466

NM 00z2466.3

Fef3edq.

Homo sapiens (human)

Homo sapiens

Eukaryota; Metazoa; Chordatas; Craniata; Vertebrata; Euteleostomi:;
Mammalis; Eutheria; Euarchontoglires; Primastes; Haplorrhini:
Catarrhini; Hominidae; Homo.

1 [bases 1 to 2785)

Erakstad C, Tangen IL, Hoiwvik EA, Halle MK, Berg AL, Werner HM,
Faeder ME, EKusonmano E, Zou JX, Oyan AN, 3S3tefansson I, Trovik J,
Kalland KH, Chen HW and Z2alvesen HEB.

ATADE overexpression links to enrichment of B-MYE-translational
signatures and development of aggressive endometrial carcinoma
Cnootarget 6 (29), 2B8440-28452 (2015)

2683058375

GeneRIF: Data indicate that gene expression alterations in
endowetrial carcinows ssamples with high ATADZ expression showed
upregulation of sewveral cancer-related genes including BE-MYE gene.
2 [bases 1 to 2785)

Tao D, Pan ¥, Jiang G, Lu H, Zheng 5, Lin H and Cao F.

E-Mybh regulates snail expression to promote
epithelial-to-mesenchymal transition and invasion of breast cancer
cell

Med. Oncol. 32 (1), 412 (2015)

25502052

GeneRIF: We found that E-Mybh upregulated expression of the key
epithelial-to-mesenchymal transition regulator snail and that it

mediated epithelial-to-mesenchymal transition activation and cell
inwvazion by E-Mvh.

3 [bases 1 to 2785)

Tao D, Pan ¥, Lu H, Zheng 3, Lin H, Fang H and Cao F.

E-mybh i= a gene implicated in cell eyele and proliferation of

Help
Change region shown =
Customize view =

AHQWZETMS$EqUEhCE
Run BLAST

Fick Primers
Highlight Seguence Features

Find in this Seguence

Articles about the MYELZ gene
A human interactame in three quantitative
dimensions organized by stoichiomet [Cell 2013]

ATADZ overexpression links to enrichment of
B-MY B-translational signature [Oncotarget. 2013]

The BioPlex Metwark: A Systernatic Exploration
of the Human Interactome. [Cell. 2015]

Seeall...

Pathways for the MYBL2 gene —
TRAPZA acts as a transcriptional repressar
during retinoic acid induced cell differentiation

Transcriptional regulation by the AP-2 (TFAPZ)
family of transcription factars

Polo-like kinase mediated events

Seeall...

-

Reference sequence information

RefSeq alternative splicing
See the other reference mRMA sequence splice
variant for the MYBLZ gene (NM_001278610.1).
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Ae="MYELZ"™

{gene synonym="E-MYE; BMYE"

fnote="izoform 1 is encoded hy transcript wariant 1:
M¥B-related protein B: myb-like protein 2: wv-mvb
myeloblastosis viral oncogene homolog-like 2; w-—mybh avian
mwyeloblastosis viral oncogene homolog-like 2%

foodon start=1

fproduct="myb-related protein B isoform 1

fprotein id="NF 0O0Z457.1"
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agaggasgoc
acattgtggsa
Coacaactys
J= (et e {ud A ut-1-Y
CocgaRagoca
gogyggacoay
agoccagoca
cattctoaty
aggtgaccte
caacagggos
sacasagtoe
agottotoos
totggecagy
ttgoctotot
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Homo sapiens MYB proto-oncogene like 2 (MYBL2), transcript variant 1. mRNA
2,668 bpli

Acces€ion: I‘JI'-.-'I_EIEI-iBB.-i G) 1519243668 hTTpS://bIGS"'.ani.nlm.

Protein

GenEIank Gr‘ag:;jir:sh— nih.gOV/BIGST.Cgi?PRO
Homo sapiens MYB proto-oncogene like 2 (MYBL2), transcript variant 2, mRNA GRA M: bIGSTn&PAGE_
2.713 bp Joe TYPE=BlastSearch&LI

Accessiof MM_001278610.1 Gl 519666782

= NK_LOC=blasthome

GenBank FASTA Graphics

6 @ https:/jblast.nchi.nlm.nih.gov,Blast, cgi?PAGE_TYPE=ElastSearch&BLAST_SPEC=blastZseqiLINK_LOC=align2seq c E - Google )- ﬁ' E ‘ ﬁ Z =
m) U.S. National Library of Medicine NCBI National Center for Biotechnology Information Sign in to NCBI
= -
BLAST  » blastn suite Home RecentResults  Saved Strategies Help
Align Sequences Nucleotide BLAST
blastn | blastp | blastx | tblastn | tblastx |
BLASTH programs search nucleotide subjects using a nucleotide query. more... Reset pange  Bookmark
Enter Query Sequence
Enter ion number(s), gi{s), or FASTA sequence(s) & Clear Guery subrange &

tu delsi sekvenci — | Guooresios > Fom[ ]
o ]

Or, upload file Soubor nevybran. L7

Job Title |NM_DD1 27261 0:Homo sapiens MYB proto-oncogene...

escriptive title for yvour BLAST search &)
d Align two or more sequences &

Enter Subject Sequence

Enter accession numberfs}, gifs}, or FASTA sequencefs) & Clear Subject subrange &

m_o0z466. 3
o[ ]

Or, upload file Soubor nevybran. @

Program Selection

Optimize for @ Highly similar sequences (megablast)
O Mare dissimilar sequences (discontiguous megahlast)
O Somewhat similar sequences (blastn)
Choose a BLAST alnorithm &

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

[ show results ina new window




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 s0-20 W:o-z00 B :=200
Homo sapiens MYB proto-oncogene like 2 (MYBL2), transcript variant 2, mRNA Query 2672 CCCIGCITAGGATGEEEGATGIGECCAGGEEIGCICCIGTIGCICACCCICICIIGETIGCA 2731
s D: WM 001278610 1 Lenath: 2713 Number of Matches: 2 PEREEEEE e e e e e e bbb e rrrl
equence |0: NIVl_DU12/8610.1 Length: umber of Matches: Sbjct 2600 CCCIGCITAGEATGGGGGATGTGGCCAGEEETGCTCCTGTGCICACCCTCTCITGRTGCR 2659
Range 1: 380 to 2713 GenBank Graphics ¥ lest Match Query 2732 tCCttttGoRAGRAATARRATTGCCICICICITIGIGCIGGICIGG2aaaaaaaa 2785
Score Expect  Identities Gaps Strand . PEELLE T e bbb e e e e e e i rrrernnd
4311 bits(2334) 0.0 2334/2334(100%) 0/2334(0%) Plus/Plus Sbjct 2660 TITITTTGGAAGRATARRATTGCCTCICICITTGIGCTGGICIGGARARRRMAN 2713
Query AACCGCACTGACCAGCALTGCCAGTACAGETEECTGAGAGTTTTGAATCCAGACCTTIGTC 511
FECEELEEREE e et e e e e e e e e e et bl
Sbjct ARCCGCACTGACCAGCART GCCAGTACAGETGGCTGAGAGTITIGRATCCAGACCTIGIC 439 Range 2: 1 to 379 GenBank Graphics A Pravious Match .-i\. First Match
Query 2  AAGGGGCCATGGACCAARGAGGAAGACCAAARMGTCATCGAGCTGGTTAAGAAGTATGGC 571 Score Expect Identities Gaps Strand
PECEEEIEEEEE et e e e e e e bbb e e e e e e e et e el ;
Sbijct 440  AAGGGGCCATGGACCAARGAGGARGACCARAARGTCATCGAGCTGGTTAAGAAGTATGGC 499 701 bits(379) 0.0 379/379(100%) 0/379(0%) Plus/Plus
Query 572 ACARAGCAGTGGACACTGATTGCCAAGCACCTGAAGGGCCEECTGRGEAAGCAGTACOET 631 Quer ACTCAGFCCCCTCCCCCGEOGCCCECGCECCAGEACTGEECGECGCCGACGCECTIGECG 60
PELEEEEEERE e e e e e e v e e e e e e e e e e el PEEEREEEE e e e e e bbbt r e e rrrl
Sbjct 500 ACRARGCAGTGGACACTGAT TGCCARGCACCTGARGEECCGECTEEEERAGCAGTFCCET 559 Sbjc ACTCAGECCCCICCCCCEEOGCCCECGCECCAGEACTGEECEECGCCGACGCECTIGECE 60
Query €32 ?ﬁﬁﬁﬁﬁ?ﬁ?ﬁfﬁﬁ“???ﬁﬁ?ﬁ?ﬁ?ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ 691 Query 61 GGAGATAGRARAGTGCTTCAACCCGCGCCGGCEGCGACTGCAGTTCCTGOGAGCGAGGRAG 120
) PEEEEREETE e e e e e e e e e e e e e e e e e et
Sbjct 580  GRRACGCTGECACRACCRCCTCRACCCTGAGGTGRAGRAGTCTIGCTGGACCGAGGRGGRG 619 Sbjet &1 GGAGATAGARAAGTGCTTCARCCCGCECCGGCGECGACTGCAGTTCCTECEAGCEAGEAE 120
632  GACCECATCATCTGCGAGGCCCACAAGGTGCTAEGCAACCECTREECCGAGATCGCCRAG 751
Query TN N N N N Query 121 CERCOGEEACCTGCTGACACGCIGACGCCTTCGAGCECGECCOGEEECCCEGRAGCGECCEEA 180
Sbjct 620 GACCGCATCATCTGCGAGGCCCACAAGGTGCTGGGCAACCGCTGEECCGAGATCGCCARG 679 PEEEELEETE e e e e e e e e e e e e e e e e et
Skjet 121 CEROGEEACCTGCTGACACGCIGACGCCTTCGAGCGECGECCCGEEECCCEGRAGCGECCEEA 180
Query 752 ATGTTGCCAGGGAGGACAGACAATGCTGTGAAGRATCACTGGAACTCTACCATCARAAGE 811
R PELLEEEEEEE e e et e r et e e e e e e e el Query 181 GCAGCCCGGGICCIGAcccocggoococggotocococgotoocgggototgooggogggogggega 240
Sbjct &80 ATGTTGCCAGECAGCACAGACAATCCTCTGARCGARTCACT GEARCTCTACCATCARRAGE 739 R N R R R N N N
o1 =]
Query 812  AMGETGEACACAGEAGGCTTCTTGRGCGAGTCCAMAGACTGCANGCCCCCAGTGTACTTGE 871 Sbjet 181 GCAGCCCGGGICCIGRCCCCGGCCCGECICCCGCICCGERCICTGCCGROGEECOGEGCGRA 240
PECLEERERRE e e e e e e e e e e e e e el
Sbjct 740  AMGGTGGACACAGGRAGGCTIICITGAGCGAGTCCARAGACTGCARGCCCCCAGTGTACTIG 799 Query 241 IT?T??T?T??TTT???TT??????TT?TTTT??T??TT?T?TT?T??T??TTT?T?TT? 300
Query 872 CTGCTGEAGCTCEAGEACALGEACGECCICCAGAGTGCCCAGCCCACGEARGECCAGEEE 931 Sbject 241 GORCEECECGEICCEFFCCEEEEEEATGICTCRFCGEACGOGCTGCRAGRATCTFRATGA 300
PECLEEEEERE e e e e e e v e et e e e e e e e e e el
Sbjct 800  CTGCTGGAGCTCGAGGACAAGGACGECCTCCAGAGTGCCCAGCCCACGGARGGCCAGEEA 859 Query 301 GCTGCACTACCAGGACACAGATTCAGATGTGCCEEAGCAGAGEGATAGCANGTECARGET 360
PEEEREEEE e e e e bbb e e r e e e e rrrrl
fuery 932 ﬁffffﬁﬁ*ffﬁ’ﬁlalalclcfffﬁfffﬁf’fﬁfﬁfﬁﬁfﬁ?ﬁ?@ % lﬁ*lﬁfﬁf 891 Sbjct 301 GCTGCACTACCAGGACACAGATTCAGATGTGCCGEAGCAGAGEGATAGCAAGTGCAAGGT 360
Sbjct 860 AGTCITCTGACCAACTGECCCTCCGTCCCTCCTACCATAMAGGAGEAGGALAACK 913
Query 361 CARATGGACCCATGAGEAG
Query 992  GAGGRACTIGCAGCAGCCACCACATCGARGGARCAGEAGCCCATCGGTACAGATCTGEAC 1051 . RSN NENRNRnany
FEVEREETEE e e e e e e e e e e e e e e el Sbjct 361 CRAARTGGACCCRATGAGGRG
Sbjet 920  GAGGRACTTGCAGCAGCCACCACATCGARGGARCAGGAGCCCATCGGTACAGATCTGGAC 979
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Distribution of the top 2 Blast Hits on 1 subject sequences &
Mouse over to see the title, click to show alignments

Color key for alignment scores
W40 W 40-50 W co-s0 M =z0-200 W==z00

1 550 1100 1650 2200

2750

266
atgtctcggecggacgegetyg

- U transkriptu 2 chybi 3. exon (zeleny)




Chci-li zacilit
obé varianty
mRNA - cilim
na kratsi
variantu

https://www.nchi.nlm.nih.gov/nuccore/NM 002466.4

Homo sapiens MYB proto-oncogene like 2

(MYBL2), transcri

171
181
241
301
36l
421
481
541
601
661
721
781
841
301
861
1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1981
2041
2101
2161

2221

atgtctcggc
ggacgcgcty
agcagaggga
ccotggrgag
gcactgacca
ggccatggac
agcagtggac
gctggcacaa
gcatcatctg
tgccagggag
tggacacagg
tggagctcga
ttctgaccaa
aacttgcagc
tgcgaacacc
cagaaacgag
tgggrretag
ﬁCCtgﬂgtﬁﬂ
tagtgcagct
tggrgcccag
LT {elals T la e}
gCacaccgcc
Ctgﬁgﬂﬂtﬁg
cacctgttaa
acacattgga
tggtcaccac
tﬂﬂCCCCﬂgﬂ
ﬂCgCCCtggﬂ
acttgaagga
ggcccgagaa
agtctctggc
agtctctatc
tcaaagaaga
cagtggccca
agacggrogs
tectgggcey

cgaggatctg
tagcaagtgc
gcagrrrgga
gcaatgccag
caaagaggaa
actgattgcc
ccacctcaac
cgaggcccac
gacagacaat
aggcttcttg
ggacaaggac
CEQQCCCECC
agccaccaca
agagcccttg
cctgccttac
cctctctgaa
atttgacctc
gcaagcgtca
tgtgaccgag
cgagctgatc
CLCEgQrLOgCLC
caccagtctg
gﬂCCCthCC
gctggagage
accactgcac
tcagaagtac
gaagtacgga
ggtgctgcgt
gcagazgagy
Lcttgacatt
cttgccgaca
caacagcttg
gaagdCcCcCcCga
CLocoggesy
cctgaagccc

gatgagctoc
aaggtcaaat
cagca act
Lacaggrogs
gaccaaaaag
aagcacctga
cotgaggtga
aaggtgotog
gctgrgaaga
agcgagtcca
ggcctccaga
QECCCECCEE
tcgaaggaac
gaggaattcc
aagtgggtgg
gccctggact
cctgaggaac
catcagcagc
taccgcctgg
cCccatctTocc
aageggcaga
tccttcctgg
ttCthCCCt
CCCECQCEEE
cgggacaaga
tCCﬁtggﬁCﬂ
CCCCtgﬂﬂgC
Lctgaggctg
23gccraggs
gtggatgagg
ﬂCthCCCtt
ctcaaccagg
agccacttca
acca acc

agccacacat

actaccagga
ggacccatga
JgaagrLcct
LO3gagLtLT

cacagattca
ggaggacgag
gQgCCagCcCcac
gaatccagac

variant 1, mRNA

R (Ctrl) -

gatgtgccgg
cagctgaggg
ttcoctaacoc

CLToTCaagg

tcatcgagct ggttaagaag tatggcacaa

= cC ct

agaagtcttg
gcaaccgctg
atcactggaa
aagactgcaa
gtgcccagcc
ccataaagga
aggagcccat
cgaagcgtga
tggaggcage
tgatcgagtc
catctgcaga
aagtcctgcc
atggccacac
ccagcactga
ggazagaggcy
attcctgtaa
cccagtttct
catccacccc

cacccctgca
acactcccca
ccctgccaca
gcatcgaact
rgcgacagay
atgtgaagct
caaactcttc
gcttcttgca
CQECECCEQC
SQCLLLLCAT
ctcggaccct

ggggaageag
ctggaccgag
ggccgagatc
ctctaccatc

gCCCCCﬂgtg
cac aa [
ggagygya3aac
cggtacagat
ggaccaggas
taacctcctc
ggaccctgat
ggacagtatc
dCcCcCCOgCccag
catctcagac
agtegagags
LoTggcLctg
cagcctcacg
gaacttctgg
agtgtgcagc
ccagaaacat
cacgccaaceo
gaccccgcac
catcatcgag
CCCCEEC&EQ
gatgatgtcc
CﬂgCCtCﬂCC
ggccaagoccc
CCCEEEQECC

ca agagaa

catcttgtcc

tgccgtgaac
a a acc
gccaagatgt
aaaaggaagg
Lactitgctgc
cagggaagte
agtgaggagy
ctggacgcag
ggCtCCCCﬂC
atccctgctg
goLLggraty
aacaacagcc
CCttCCgCCC
ctgagccgga
LCTOgCartg
ECCCCEQECE
cccaagagca
dacaadacagy
cagaaggtgg
gotgegrtty
ccgttcaaga
[ a a
gacgacatca
aaagtccgga
acactgccca
ctgtcaggta
agaa ca
agtgcctgga
gcoeggeags
tga




Online target prediction tools

protospacer PAM (-NGG)

Off-targets | ! g i
5'- GTGTTCATCTTTGGTTTTGTGGG -3’

non-seed region seed region (12 nt)

Efficiency - .pravdépodobnost stépeni v cilovém misté"

Out-of-frame score - ., pravdépodobnost vzniku posunové mutace"

- rUzné softwary rizné metody/algoritmy scoringu




Chci-li mutovat gen — predcéasny stop kodon, obvykle volim za¢dtek genu
.. cca do 500 bp od ATG

.. ale pozor na alternativni iniciacni kodony
(tedy spise ne prvni exon)
S
non-sense mediated decay

Pravidlo 50 nt - neumist’uji cilové misto Stépeni blizko mista sestrihu

- aby mutace nezpusobila vznik alternativniho mista sestrihu




DS 171..22081
fgene="MYEL2"
fgene_synonym="E-MYE; BMYE"

20N 191..284

fgene="MvEL2"

fgene_synonym="E-MYE; BMYE"

finference="alignment:Splign:2.1.8"
Exon 285..377

fgene="MvBL2"

fegene_synonym="E-M¥E; BMYE"
\\\\\\\\\\\\\\\\\\\‘ finference="alignment:Splign:2.1.8@"

exon 375..508
fgene="MvEL2"

fgene_synonym="E-MYE; BMYE"
finference="alignment:Splign:2.1.@"

EHOnN o9, . rfel

fegene="MvBL2"

fgene_synonym="E-M¥EB; EMYE"
finference="alignment:Splign:2.1.@"

EHOn FE2. . 149

fgene="MYEL2"

fgene_synonym="E6-MvE; EMYE"

finference="aligrnment:5plign:2.1.@"
=]y 1@5a. . 1463

fgene="MvBL2"
fgene_synonym="E-MYE; BMYE"
finference="aligrnment:5plign:2.1.@"




http://crispor.tefor.net/

Step 1
Planning a lentiviral gene knockout screen? Use CR|
Sequence name (optional):

Ste

€lecta genome

Homo sapiens - Human - UCSC Feb, 2008 (GRCETha19) + 5MPs: 1000Genomes, Exal

Enter a single genomic sequence, < 2000 bp, typically an exon & te: pre-calculated exonic guides for this species are on the L

; ¥ie ha enomes, but not yours? Search MCEl assembly and send a GCE
Etec atcgapgctee ttaagssgts feggcaceasg cagtpgacac
421 teatteccas geacctpaap geccppeteg gPaapcapte coptpaacge
tegcacasce Step 3 e
481 acctcaacce tgaggteaag saghbctipct geaccgapea gEapgaccec : :
ateatetpes Selecta Protospacer Adjacent Mouf (PAM)

541 aggcccacaa getgctegee aaccgctgpe cogagatoge caagatette coaggpag

4

| 200p-MGG - Sp Casy, SpCasd-HF 1, eSpCasd 1.1

Text caseis preserved, 8.2, you can mark ATGs with lowercaze,
Instead of a sequence, you can paste a chromosome range, e.g. chr1:11.130.540-11.130,751




@ap’mns (hg19), chr20:42315492-42315712, forward genomic strand )

Yourinput sequence is221 bp long. It contains 36 possible guide sequences,
Shown below are their PAM sites and the expected cleavage position located -3bp &' of the PAM site.
Click on a match for the PAM NGG below to show 11520 bp-long guide sequence. (Need help? Look at the CRISPOR manual)

Colors green, vellow and red indicate high, medium and low specificity of the PAM's guide sequence in the genome.
Gene Models: | Do not show v |
Wariant database: | 1000 Genomes 05-2013 v| Min. frequency: 00 Update Missing a variant database? We can add it,
Position @ 18 78 ET:) 48 ) ) 78 L) EE) 188 i
e e e e e e e P e O e s P P P P PP PR P P P B R B B B R B B A A B L P P L T L LT E L LT TL A LA FA T
Seguence gtcatcgagctggttaagaagtatggcacaaagcagtggacactgattgccaagcacctgaagggccggctggggaagcagtgccgtgaacgctggcacaaccacctcaacc-
R 5 EER -~ —— = W CCA=-=- i
J_'I J_'I |-|--|— ___'l_'l I_‘I_‘Ia __J_'I :I ___TI:IJ I_‘I_‘T___
---GGE  ---GGG Cr
---CGG
-~—GE0
Download for: SerialCloner (free) - ApE (free) - GenomeCompiler - Benchling - Snapizene - Geneious - Vedor MTI - LaserGene - Genbank - FASTA

29




Position/ | Guide Sequence + PAM MIT CFD Predicted Efficiency | Outcome | Off-targets for | Genome Browser links to matches sorted by
Strand €0 |+ Restriction Enzymes Specificity |Spec. |€@ 0-1-2-34 score O
3 Zy S p p 5.
+ Variants © Score @ |score | Show allscores E mismatches [Jexons anly [Jehr2aanly
=
Conly e Conlyee Conly a- & o = % E + next to PAM
S = o |
= R o T | =
a = o -
o 2 2 | £
(] = C |3
24 frey GETEITTATECCAICATTCA O5F an a5 41 59 49 |76 [D-0-0-11- JintergenicEMFSkP277-PHPTIP2
....................... dintergenicPARD3-251-3518L2P 1
A Inefficient 90 AintergenicCTO-2521M 24 5-B5T2
Enzymes: Boedl HpyTaall Mwof 0-0-0-0-0 show all..
Cloning f PCR primers
101 off-targets
a4 f fuy GEAMICAETECCGTARACEC TGS a0 93 56 36 £ |ad |0-0-0-7F-93 [#ntronCDETE
....................... Q-d-0-f-0 dintergenicCOK T 1A/RP 1-283E3 8-RP1-2B3E 3. 8/CDK 11
Enzymes: Koy Tasll Mwol SsiCal 4rexonAC 104695 .4
Cloning f PCR primers show all...
100 off-targets
143 f fw GAMGTCTTACTGEACCGAGT AGE a0 91 66 &4 A0 |79 |0-0-0-5-95 [&ntronkAPGERL
..... T dintergeniclGHVI-26-2-1GHWF-27
Enzymes: sefi Taql Bseli I=g-0-0- 4intergenicAC024590,1-RP11-481E4. 1
Cloning f PCR primers show all..
100 off-targets
164 f P GEAMIGACCACATCATCTAGOG AsE 29 a3 &5 43 A2 187 |0-0-0-3-47 [4emonbTal
....................... 0-0-0-0-0 SintronDCP 14
Enzymes: Behf BetAPL Mwol Psplf 4:exonDTRZ
Cloning f PCR primers show all...
50 off-targets
186 f ravy TCTTGECEATCTCEGCCCAMT OFF a7 *F} 70 74 57 |87 |o-0-1-7-56 [#inergenicRP11-3800104-RPLEP22
....... L Qefledet-1 dintergenicRMU6-586F-RFP 11-756K16.2
Enzymes: Bee ¥l MWeX{ LonPl Peplf dintron:EF11-544LE__ B4
Cloning f PCR primer show all...

Pozor na mozné mutace/polymorfismy

30




https://cctop.cos.uni-heidelberg.de:8043/

) be notified by email

caagcacctgaagggccgectggEgaagcagtgccgtgaacgctgecaca |yDU@@EHWmLEDrn

accacctcaaccctgaggteaagaagtcttgctggaccgaggaggageac
cecatcatctecgagecccacaagetgctgggcaaccgctgggccgagat

CEgccaagatgttgccagegag

A type @ | MGG (Streptococcus pyogenes) hd
Target selection Off-target prediction
r|'5 ' limitation |—er |—max 4 I'-']I'-']—| |—|'P.E'.I'-']
5' HHANNNNNNNNNNHNNNNNNHHHGG 5! NNNNNNNNHHHHHHHHHHHHHGG

3' limitationd L |

max Z MM core

target site length @
target site &' limitation @ :
target site 3' limitation @

max. total mismatches @

care length @

max. core mismatches @

fn witro transcription @
(JT7 ®Ug O Custom
fwd overhang: Species @ homo

rev overhang:

s

Human (Homo saplens GRCh37/hg19)
Human (Hom ' 3/hg38)

4 Animals

Human (Homo sapiens) Ensembi V 99
4 Bacteria

| Feset || submit |




42315500

42315544

47315508
chr20

Legend for off-target site positon: B = exonic; | = intronic; - = intergenic

Legend for the CRISPRater score: [NNSHBEGNSBEIESIER. MEDIUM efficacy (0.56<=score<=0.74), HCHEMESEISEarRES0T)

T1 out of 36
<Previcus Memxt=

SEqUEtICE:

42315632

GEAGCEACCECAT CAT CT GCGEAGE

Bifeay sore by CRIST Rater  EHN

Clhigo pair fwd: CACCGGEAGGACCGCATCATCTGOG rev: ARAACCGCAGAT GAT GOGETCCTCC
Top 20 offtarget sites out of 27 (ncluding on target, for full list see =ls file)

42315676

{Coordinates strand | M target_seq PAM | distance gene name gene id
chr20:42315635-42315657 + 0 |GGAGCACC [GCATCATCTGECOG] AGS |0 ENMYEBL2 EMNEGO0000101057
chr1l:156457645-15645TE670 - 4 ICRAAGEGCC[EGATCATCTECE] LGE 2634 I [WEFZD ENSE00000116604
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824/ rev GETGETTGTGCCAGCATTCA Oot 90 95 41 69 49 (76 0-0-0-11-

A Inefficient 1

Enzymes: Bcedl HoyTaal Mwol 0-0-0-0-0
Cloning f PCR primers

101 off-targets

20 93 56 36 5o g4 |0-0-0-7-93
d-d-0-a-4a

Qg < GaAAICAITICCATIAMIGE T

Enzymes: ol Beplal
Cloning f PCR primers
100 off-targets

143/ fw GARGTCTTGCTEGACCGAGE AGE 20 91 66 64 40 (72 J0-0-0-5-95

..... [T U
Enzyres: Bsafl Taql Beall 0-0-0-0-1

Cloning f PCR primers

100 off-targets

83 93 65 43 45 |55 |0-0-0-3-47
a-0-0-0-0

164 fuw < QaMIGACCACATCATCTGOE AxE

Enzyrnes: 5% wiol Peplf

Cloning / PCR prime;'s

50 off-targets

T1 out of 36 T2 out of 36

. = i =
<Prewions Mext= Prewious Mext

Sequence: B ACCACCECAT CATCT COCACD SEqUenCE: CEAACCACTECCET CAACECT S
Efficacy score by CEISPRater: Efficacy score by CRISFRater:

T3 out of 36 T4 cut of 36
=Prewous MNex= =Previcus Mext=
SECUENCE: GETESTTETSOCAGOGTT CACGS SEQUENCE: GAAGTCTTGCT GEACCEAGGAGS

Efficacy score by CRISPRater: 0.71 MEDIUM Efficacy score by CRISPRater: 0GR

33




cPPI
psi+ RRE | Ue 2kbfiller EFS SpCasS FLAG P2A Puro WPRE

\ \ \ /
lentiCRISPRvZ2 “-D{/T

BsmB! BsmB!

Target Guide Sequence Cloning Protocol

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

Oligo 1 » 5/ — CACCGNNNNNNNNNNNNNNNNNNNN — B¢
37 - CNNNNNNNNNNNNNNNNNNNNCAAA — 57« Oligo 2

Example oligo design: Note that the 171GG PAM is not included in the designed oligos.

IGG PAM

Genomic 57 — | .GACCACAGTCTGATCAGTTTTCCTTEGGCTGCAA. Wl
Sequence 3’ - .. . CTGGTGTCAGACTAGTCAAAAGGAACCCGACGTT...— 57

Oligo 1 *» 5/ — CACCGCAGTCTGATCAGTTTTCCTT - 37
37 - CGTCAGACTAGTCAAAAGGAACAAA — 57« Oligo 2




ﬁ;ﬁiﬂﬂ B5tAPL Mwol Pspli

GETEETTATGCCAGCATTCA 56 an a5 41 60 O0-0-0-11-
s Inefficient, 80
Enzymes: Bcedl oy lasl Mwol 0-0-0-0-0

101 off-targets
GEAMECAGTECCATAARMGE TGE an a7 56 16 0-0-0-7F-92
Enzymes: Hoy 188l Adwal Seplaf R

100 off-targets
GRAETCTTACTAGACCEAGE AGE a0 a1 66 64 0-0-0-5-95
Enzymes: Bsefl Taql ODsallf R

100 off-targets
GEAEEACCECATCATCTGCE AGG =Te) 973 65 42 0-0-0-2-47F

a-0-0-0-0

50 off-targets




«— return to the list of all guides

Guide sequence: GGAAGCAGTGCCGTGAACGC 716G

Contents:

» Cloning or expression of guide RNA
o 17 in vitro expression from a plasmid
o T7 in vitro expression from overlapping oligonucleotides

@J“easi:v‘ from an Addgene

o Direct PCR for C. intestinalis

o Lentiviral vectors: Cloning with Gibson assembly

o Summary of main cloning/expression primers

PCR to amplify the on-target site
Restriction sites for PCR validation
PCR 10 amplify off-target sites

Saturating mutagenesis using all guides

U6 expression from an Addgene plasmid

The guide sequence ggaggaccgeatcatcigeg does not contain the motif TTTT, which terminates RMA polymerase
mammalian cells.

Select your Addgene plasadd: [ lentiCRISPR v2 (Zhang lah) > v

To clone the guide into feny CRISFE vz (Shang lab), use these primers:

Name Primer Sequence

guideRMNA164fw Esenselentiispr CACCggaggaccgecatcatctgeg

guideRMNATE4fw Eantsenselent ABACcgcagatgatgoggtec

36




Kontrola specifity navrzenych oligonukleotidi k cilové sekvenci véech izoforem

Enter Query Sequence

Enter accession number(s), gi(s), or FASTA sequence(s) @ ciear Query subrange @

GGEAAGCAGTGCCGTGAACGCTGE From | |
o To | |
S uplaad fiie | Zvolit soubor | Nevybran Zadny soubor @
Job Title |
Enter a descriptive title far your BLAST search L 2]
(] Aign twa or more sequences @
Choose Search Set
Database @ standard databases (nr etc.): () rRNAATS databases () Genomic + transcript databases () Betacoronavirus
| Nucleotide collection (nrnt) v @

Organism

optional <[ Homa sapiens (taxid:9606) > | exciude

Enter organism comrmon narme, binomial, or tax id. Only 20 top taxa will be shown e‘

Exclude |:| hodels C=hi=F) |:| Lincultured/ervironmental sample sequences
Optional

Limit to |_] sequences from type material
Optional a
Entrez Query | | Youll[3 Create custom database

Optional

Enter an Entrez query to limit search [ 2]




L Scientific Max | Total Query E Per.
Description

Mame Score Score Cover va!:le Ident
Horno sapiens MYEB proto-oncogene like 2 (MYBLY), transcript variant 1, mBRMA, Homo sapiens 461 461 100%  Be-04  100.00%
Homo sapiens isolate CHWIT3 chromosome 20 Homo sapiens  46.17 986 100%  Be-04  100.00%
Homo =apiens DA, chromosome 20, nearly complete genome Homo sapiens 461 936 100%  GBe-04 100.00%
Homo sapiens MYE proto-oncogene like 2 (MYBLYS), transcript variant 2 mRNA Homo sapiens 461 461 100%  Ge-04  100.00%
Homo sapiens cOMA FLISYESY complete cds, highly similar to Wyb-related protein B Homo sapiens  46.1 461 100%  Be-04  100.00%

Homo =apiens cOMA, FLISSEET, Homo sapiens wmyb myeloblastosis viral oncogene homolog (avian)-like 2 (. Homo sapiens 461 461 100%  Ge-04  100.00%

Homo sapiens v-myb myeloblastosis viral oncogene homolog (avian)-like 2, mEMNA (cOMA clone MGC15600 1., Homo sapiens 461 461 100%  Ge-04 100.00%

Homo sapiens wv-myb myeloblastosis wiral oncogene homoalog (avian)-like 2 mBE8A (cOMA clone MGCETS23 ... Homo sapiens 461 461 100% Be-04  100.00%

Homo sapiens mREMNA for MY E-related protein B variant, clone: FCCT19C09 Homo sapiens 461 461 100%  Be-04  100.00%
Human OMA sequence from clone RPS-1028015 on chromosome 20, complete seguence Homo sapiens 461 461 100%  Ge-04  100.00%
Hurnan mBEMNA for B-myb gene Homo sapiens  46.1 461 100%  Be-04  100.00%

0000000000

Y oalpha 21-J alpha 5 1=T-cell receptor alpha chain variable region {C alpha regiont [human  melanoma-specific. .. Homo sapiens 322 322 B9% =il 100.00%

Nasledné doporucuji manudlni kontrolu, Ze cilovd sekvence leZi v exonu u viech
izoforem (ne vzdy musi mit izoformy stejné ohranicené exony)




Homo sapiens MYB proto-oncogene like 2 (MYBL2), transcript variant 1, mRNA

Sequence(D: NM_002466.4 Length: 2668 Number of Matches: 1

Range 1: 523 to 545 GenBank Graphics

Score Expect Identities Gaps Strand
46,1 bits(23) Ge-0d4 23/232(100%) 0f2300%) Flus/Flus

S mnn ©

Sbjct 523 GGAAGCAGTGUCGTGAACGCTGG 4%

EX0n 357..449
fgene="MyBL2"
fgene_synonym="B-M¥B; BMYE"
trference="alignment:5plign:2.1. "
45, .67
FEene="MyBL2"
fgene_synonym="E-M¥E; BMYE"
finference="alignment:Splign:2.1.@"
EXon B¥l.. 833
fgene="MyBL2"
fgene_synonym="E-M¥E; BMYE"
finference="alignment:5plign:2.1.@"




Homo sapiens MYB proto-oncogene like 2 (MYBL2), transcript variant 2, mRNA
Sequence ID: NM_001278610.2 Length: 2596 Number of Matches: 1

Range 1: 451 to 473 GenBank Graphics

Score Expect Identities Gaps Strand
45,1 bits(23) ce-0d 23/22(100%:) 0f2300%) Flus/Flus

Query 1 GEAAGCAGTGLCGTGAACGLTGG 23

LCELDELTTEELTEE LT
Sbict 451 GGABGCAGTGCCGTGAACGCTGG 473

TSI R A TS R T e EEy R L e e Y L I R ]

EXon 285..377F

fgene="MYBL2"
fgene synonym="E-MYE; BMYEB"™
finference="aligrnment:Splign:2.

R
H
]

fgene_synonym="EB-M¥E; BMvE"

finference="aligrment:5plign:2.1.8"
EXon 5949, .76l

fgene="MYBL2"

fgene_synonym="EB-MYE; BMYE"

finference="alignment:Splign:2.

X
H
]




cPPT
psi+ RRE | U6 2kbfiler EFS SpCasS FLAG P2A Puro WPRE

\ '\ i
lentiCRISPRV2 U{>{'V: Ol ﬁ-ﬂ

CACCggaagcagtgececgtgaacge

BsmB' BsmBl

\ RE BsmBI (ESp3I)

LRLCgegttecacggeactgettec

1l

CACCggaagcagtgccgtgaacgc

cocttogtocacggocacttgogCARR K////////////

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




dalsi postup ...

prenos plazmidu do eukaryotickych bunék (transfekce)

selekce a expanze puromycin-rezistentnich bunék
priprava jednotlivych klon metodou limitniho Fedéni (ev. FACS)

analyza exprese cilového genu na drovni proteinu (westernlv prenos)

izolace genomové DNA klonu(l) s nulovou expresi cilového proteinu

amplifikace cileného dseku genomové DNA + sekvenace

GETGETTATECCATCATTCA O an a5 41 50 O-0-0-11-
A Inefficient, 90
Enzymes: BoeAl oy lssi Mwal 0-0-0-0-0

101 off-targets
GaAMECAITACCATAAACTE TEE a0 Q3 & 16 O-0-0-7F-93
Enzymes: Hoy 188l Adwal Selaf R

100 off-targets
GARITCT TECTEaAC0GAIT AGE Q) a1 6 5 O-0-0-5-9K
Enzymes: BseRl Tagh Sseli R

100 off-targets
GOAGEACCICATCATCTACG Ass 99 07 55 47 O-0-0-3-47

a-0-d-0-0a

Enzymes: £ Bs Mol Pepf

50 off-targets




I

«— return to the list of all guides \\\l ..\E |
\\
Guide sequence: GGAAGCAGTGCCGTGAACGC 7GG \\ b

Contents:

e Cloning or expression of guide RNA
o T7 in vitro expression from a plasmid
o T7 in vitro expression from overlapping oligonucleotides
e U6 expression from an Addgene plasmid
o Direct PCR for C. intestinalis
o Lentiviral vectors: Cloning with Gibson assembly
o Summary of main cloning/expression primers

@ amplify the on-target site >
& Restriction sites for PCR valldaf/
o PCR to amplify off-target sites

* Saturating mutagenesis using all guides




PCR to amplify the on-target site

Use these primers to amplify a genomic fragment around the on-target site:
OntargetGuideRnatédfwleft  ACTGATTGLCAAGCACCTGA Tm59.889

OntargetGuideRnatedfwRight GALAGAAGACAGGGLLTTLL Tm60.036

Genome fragment with validation primers {underlined) and guide sequence (yellow)

fMaximum amplicon length:| 500 bp - for == 300bp paired reads ~ | Primer Tm:| 60 deg. v

Genomic sequence chr20:42315634-42315657 including primers, genomic forward strand:
ACTGATTGCCAAGCACCTGAAGGGCCGGCTGEGGAAGCAGTGCCGTGAACGCTGGCACAACCACCTCAACCCTGAGGTGA
AGAAGTCTTGCTGGACCGAGGAGGAGGACCGCATCATCTGCGAGGCCCACAAGGTGCTGGGCAACCGLTGGGCCGAGATE
GCCAAGATGTTGCCAGGGAGGTAAGCTGTCTTCT TGGGGGETTGGGACAGGTTCCCGGGAGGCCAGGUCCGTGTTTCTGAT
GGAGGAGGGTTCCTGGEGTGGETATTGTGGTCCTGTGCTCTTGTTCTGTAACACCCAGCCTCGGCTCCAGGGETCCCAGAS
GCATGCATAGTCAGGAGGAAGGGTGGTTCCCCAGGGARGGLCCTGTCTTCTGTC

ACTGATTGCCAAGCACCTGAAGGGCCGGCTGEGGAAGCAGTGCCGTGAACGCTGGCACAACCACCTCAACCCTGAGGTGA
AGAAGTCTTGCTGGACCGAGGAGGAGGACCGCATCATCTGCGAGGCCCACAAGGTGCTGGGCAACCGLTGGGCCGAGATE
GCCAAGATGTTGCCAGGGAGGTAAGCTGTCTTCT TGGGGGETTGGGACAGGTTCCCGGGAGGCCAGGUCCGTGTTTCTGAT
GGAGGAGGGTTCCTGGEGTGGETATTGTGGTCCTGTGCTCTTGTTCTGTAACACCCAGCCTCGGCTCCAGGGETCCCAGAS
GCATGCATAGTCAGGAGGAAGGGTGGTTCCCCAGGGARGGLCCTGTCTTCTGTC

Sequence length: 373

Cilové misto $tépeni alespori 100 bp od primerd kvili pripadnym delsim delecim




Sequencing

Edit Options Help

results

= i W =) 40 3 3 —
Open 3 Export | Print | MNext Find  Enhance Sample: 80063046
340 350 370 50
| I I | n = = B B & o I I = = i I = & R R N I & =m RN o o o
G 6 6 A G 6 B & CVC LG AT E D T = i 5 G I C A C & C -6 T € R K K 6T g I AT
|
|
|
]
“ »
— p—
8 65FF95_000620329 90063039 - Chromas = J
File Edit Options Help
= bl v | & A #h 3, :
Open Save Export Print Mext Find  Enhance saiiel NOGHHD
340 350 3a0 370 ae
[ B B B BN B B | [ | [ B B B == N E & = 8 B @ ®» ®m B B R E N N N ®m [ I I I | [ I | [ B B B |
G 6 6 A A GG C A G C C c I & A 1 £.a T &5 6 3 6.4 € cC AT € I €A AAKSGE c C LG T i

wt

Mutated
homozygot
X
Second allele
not detected




Export Print MNext Find  Enhance
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..................................................
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3 alleles
X
Not a single
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http://crispid.gbiomed.kuleuven.be/

Upload file

Start position Reference sequence
End position

Background cutoff (%)

Max insert size (bp) 10




83
101
101

183
191
199

283
291
299

1 100
—mmmm - - - - ATGGCEAGGGECTTGEATCTAGCACCGCTGCTACTGCTACTGCTAOCOATOOCGACCCQCT TTTACACGGCTCAGAGCAALT
ATTCTACTCCACCCCACCATGGCGAGGGGCTTGRATCTAGCACCGCTGCTACTGCTACTGCTGACRATGRCGACCCGCTTTTGCACGGCTCAGAGCAACT
ATTCTACTCCACCCCACCATGGCGAGGGGCTTGRATCTAGCACCGCTGCTACTGCTACTGCTGGCGATGRCGACCCGCTTTTGCACGGCTCAGAGCAACT

m 200
GTACATGCCCCACCAACAAGATGACGGTCTGCGACACAAATGGCCCAGGCGGGATCTGCCAATATCGGACAATARGCTCACAGGTATTGGTCGACTGCTC
GTACATGCCCCACCAACAAGATGACGGTCTGCGACACAAATGGCCCAGGCGGGGTCTGCCAATG-------- - -GGCTCACAGGTATTGGTCGACTGCTC
GTACATGCCCCACCAACAAGATGACGGTCTGCGACACAAATGGCCCAGGCGGGATCTGCCAAT - -CaGACAATARGCTCACAGGTATTGGTCGACTGCTC

20 300
CACGCTAACTTCCAAGTGCCTGCTGCTCAAGGCGCGCATRAGCGCCCGRAAGAGCGGCCACAGCCTGATRATGCCGAGCGAGCACGCGATACTGGACAAC
CACGCTAACTTCCAAGTGCCTGCTGCTCAAGGCGCGCATRAGCGCCCGRAAGAGCGGCCACAGCCTGATRATGCCGAGCGAGCACGCGATACTGGACAAC
CACGCTAACTTCCAAGTGCCTGCTGCTCAAGGCGCGCATRAGCGCCCGGAAGAGCGGCCOGCAGCCTGATRATGCCGAGCGAGCACGCGATACTGGACAALC

301 400
GATGGCCTCTACGACCCGGAGTGTGACGACAAGGGCCGCTTCAAGGLGCGCCAGTGCAACCAGACCTCGETGTGCTGGTGCGTAAACTCGGTGEGCGTGE
GATGGCCTCTACGACCCGGAGTGTGACGACGAGEGCCECTTCAMGECGCGOCAGTGIARC - == == === == == m oo moom oo
GATGGCCTCTACGACCCGGAGTGTGACGACCAGEGCCECTTCAAGECGIGICA -~~~ -~ === - == == == == mm o m oo oo e

Velmi dobry je i - https://ice.synthego.com/#/

82
100
100

182
190
198

282
290
298

382
351
351




dalsi postup ...

eventudlné klonovani zacileného dseku genomové DNA do plazmidu vhodného
pro sekvenaci

sekvenace uréitého po¢tu klont (2 alely genu - min. 4 klony)
analyza sekvenalnich 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 rdmec
— predcasny stop kodon

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




Soubor  Upravy Zobrazeni  Histarie

Optimized CRISPR Design ® deni Fak. .. =2 Harme - ORFfinder - NCET

(' 3 & https: e nebi, nlm, nik, gowfarffinder c | |v Google )_| ﬁ’ E ‘ ﬁ Z =

ORF finder searches far open reading frames (ORFs) in the DMA 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
encading segments, verify predicted protein using newly developed SMART BLAST or regular BLASTR

L ]
This wehb version of the ORF finder is limited to the subrange of the query sequence up to 50 kb long. Stand-alone version, 0 R F f l n d e 1'
which doesn't have query sequence length limitation, is available for Linux x64.

Examples (click to set values, then click Submit button) :
o NC_011604 Salmonella enterica plasmid pWWES-1, genetic code: 11, 'ATG" and alternative initiation codans;

minirmal ORF length: 300 nt
o [M_000059; genetic code: 1; start codon: "ATG anly', minimal ORF length: 150 nt

— Enter Query Sequence

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

Y From: | e | To: | 3

—— Choose Search Parameters

&  Minimal ORF length (nt):

& Genetic code: | 1. Standard v

& ORF start codon to use:

& "ATE" only
O "ATG" and alternative initiation codons
O Any sense codon

& Ignore nested ORFs: i

—— Start Search/ Clear

( (swmt) [Fiear) .

™) Home - CRFfinder - M., Dorutend posta - Mic, .. E! Schrankals - Irfanview = Met '@ Microsoft PowerPoink ... UE' tropz_myb_crispr_no... 5 ’(," G E,: 14:48




B_ Myb VloZite-li sekvenci kédujici sekvence genu (od ATG)

Open Reading Frame Viewer

Sequence

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

1: 1.2.1K (2.1Kbp) ~ | Find: v(|@ | & @, AT ATools~ T | fFlacks 7~
orF1 & NG [ |z |4 5o | |7 [ | Lk |16 Lzee  |L3EE (1468|1568 LEee  jL7EE  [LEme [L9BE 2K
ORFfinder_l.18.145630180 o oD ®

T Tl ORFS ORF7 T oRF1e DRF4

0. ORF3 ORF& ORFS < < < -«
1 [t |za0 |8 488 |5 [ L] EEE] [ELE] Lk ERLL [Lzem  LEes |14 [1Em8  LEe@  [L7EB  [l&me  [LEoe |2 K

[ Add six-frame translation track

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

S (B s’ Label Strand Frame Start Stap Length (nt | aa)
MEERTRCEDLDELHYQD TDSDVEEQED SECEVEWTHEED E
QLEALYVEROFGQODWEFLASHFPNETDAQCQYRTLEVLNED ORF1 @ 1 ( 2103 2103 | ?UD
LVEGPWTEEED 0EVIELVEEYGTROWT LIAKHLKGELGKD
CRERWVHNHLNEEVEKSCWTEEEDRIICEAHKVLGNEWAEL ORFa - 2 2093 1521 5731190
AFMLPGRTDNAVENHUNS T IKEKVD TGGFLEESKDCKP PV
YLLLELEDEDGLOSAQPTEGOGSLLTHUESVPPTIKEEEN ORFE - 2 437 42 396 | 131
SEEELAAATTSKEQEPIGTDLDAVETPEPLEEFPKEEDQE
CEPPETSLIYEUVVEARNLLIPAVGSSLSEALDLIESDPD ORF4 - 1 1500 1135 366 [ 121
AVCDLSKFDLPEEPSAEDSINNSLVILOASHOQQVLEFRED
PSALVPSVTEYRLDGHTISDLSRSSRGELIPISPSTEVGE ORFY - 2 770 542 249 | 82
SGIGTPPEVLERIPEREVALSPVTENSTELEFLDSCHELT
PESTPVETLPFEPSQFLNFWNKQDTLELESPELTSTIVEE ¥ ORFB ) 2 1208 1053 156 151
QEVVVTTPLHEDET PLHOEHAAFVT PDOEYSMDNTPHT BT ORF2 + 3 1 127 56 | 31
ORF3 + 3 204 296 9330
[ SmanBLAST ORF1 |
ORFS - 3 1423 1337 g7 |28 B
BLAST ORF1 BLAST marked set £
ancAn 2 A2 [ K ol S W [ =} —

BLAST Database:
|UniF'rntKElfSwiss—F'rut (swissprot) V|




B-Myb - mutovany

Open Reading Frame Viewer VIOiﬁ'e-ll SekvenCi ko,dUJiCi Sekvence genu (Od ATG)

Sequence

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

1:1.2.1K (2.1Kbp) = | Find: ¥l@ac ald @, ATe AoTos v | Tacks 2 7 -
1 [t [z [ECE] R, ores & L |7a@ | |3 Lk [t.188 [L2ss  |L3ee  |L4ee  [LEGB [LEBG  |L7EE  [LSAA 1988  [2K

ORFfinder 1.16.150373935

EEmTmm orrz S ORF3
s L (FFS ORF7 R ORF18 I S, U (RF
T orFE B orFe I s I
1 [t [zen [EEL] |48 [ L] | 7@ | [ LK [t 18 e N O L - [LE@a  [17eH Lo |LEes 2K

[ Add six-frame translation track

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

Siai @3 A Label Strand Frame Start Stop Length (nt | aa)
MLPGRTDHAVENHUNS T IKREVD TGEFLSESKDCKPPVYL

LLELEDKDGLOSAOPTEGUGSLLTNUESVEPTIKEEENSE ORE3 + 3 186 2102 1617 | 538 >
EELALATTSKEQEPIGTDLDAVETPEPLEEFPEREDQEGS

PPETSLPYEWVVELANLLIPAVGESLSEALDLIESDPDAT ORF5 - 2 2092 1520 573|190
CDLEKFDLPEEPZAEDSINNSLVOLOASHUOQVLEPPROPS

ALVPEVTEYRLDGHTISDLERSSRGELIPISPETEVGGES ORF8 - 2 436 41 396 | 131
IGTPPSVLEROPKERVALS PVTENSTSLEFLISCHSLTPE

STDYKTLIFSDEQFLNFUNKQDTLELESPELTSTPVCSQK ORF4 - 1 1499 1134 366 | 121
VVVTTPLHEDETPLHOFHALFVT P OKYSMDNTPHTPTEF

FNALEEYGPLEPLPOTPHLEEDLEEVLESEAGIELITEDD ORF7 2 763 52 243 | 82
IRPEKQKREPGLEESPIKEVEKS LALD IVDEDVELMMSTL N

PESLELPTTAPSNSSSLTLSGIKEDNSLLNQGFLOAKPEE % ORFB ) 2 1207 1052 156 151
AAVANKPRSHFTTEAPMS SATHTVACGGTEDQLFMOEKAR ORF1 + i Q 196 125D

ORF2 + 2 203 295 83130
| SmantBLAST ORF3 |
ORF3 - 3 1422 1336 g7l128
BLAST marked set 3
TDEAD =] 4007 (e kN = = 2 (=] —
BLAST Database:

|UniF'rntKEh’Swiss—F'rut [swissprot) V|




Organizace cvic¢eni (CRISPR)

skupiny po 12 lidech (2x 6 hod praktickych cvi¢eni)

Kazda skupina

.. pred praktickou ¢asti cviceni ...

pridélen jeden cilovy gen

ndvrh strategie cilené mutageneze tohoto genu metodou CRISPR (miniprojekt)

zaslani nejpozdéji tyden pred zaldtkem cvic¢eni na email vyucujiciho dané
skupinky

.. po praktické casti cviceni ...

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




Miniprojekt (.doc)

strucny dvod + cil

detailni popis ndvrhu gRNA sekvenci, oligonukleotidil a sekvenci primert pro
vybrany gen

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

zaver




RNA interference

mechanismus post-transkripcniho umléovani gent

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

podstatou je enzymovd degradace nebo zastaveni translace
specifické mRNA

MiRNA vs siRNA




siRNA

malé nekédujici dsRNA o velikosti 21-25 nukleotidi

negativni re ulc't,‘rorz [\?eno,vé exprese, které obvykle zprostredkovavaji
degradaci cilové mRNA (dplna homologie)

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

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

Double
overhiang

5@ @EHEENOEEAEE0E G0 @
@@0069@0000@000000000

Doubl Sense strand
b Directed mANA [passenger

° e eeaUe it Antisense strand Sency
{guide strand)




— A~ dsRNA

Dicar

Fj__ﬂ} /_/___,./ﬁsiﬂ NA

RISC protein
components
ill"|||‘_...
T == RISC
o
siEMNA unwinding
. Activated
- RISC

Associaton with
target mRMA

= ==l

T — Target mRMA
o Cleavage

e Denize
e Anfisense

e Target mAMNA

/70000000,  9DNA

‘ Pre-miRNA
Ad > |

Pri-miRNA

NUCLEUS

o

CYTOPLASM
miR/miR* +
or siRNAduplex  _ TTTTITTITITITIIT
(21-25 nt long small RNA)
asymmetric RISC assembly
P-BODIES P-BODIES

capped

target mRNA target mRNA

partial homology
>> TRANSLATIONAL
REPRESSION

most animal miBRNAs

perfect homology
>> mMRNA CLEAVAGE

most plant miRNAs, and siRNAs




MiRNA versus siRNA

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

miRNA miiZe, ale obvykle neni (pIné komplementdrni uréitému
transkriptu, proto jedna miRNA muze blokovat translaci
nekolika/mnoha transkriptu (desitky az stovky)

siRNA je obvykle zcela komplementdrni - obvykle stépeni jediné
cilové mRNA




siRNA design

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

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

smési siRNA




siRNA design

21-25 nt

30-60% GC

Recommendations for siRNA Design

Guide Strand - Off-Target Duplex (6) High Average GC Content

of Target Sites (3) Low T, (AU Rich)

mNe SO0 0000000000000 000000000000:
Potential Non-Seed Binding . l l . ' l .
Guide Strand aooooooooooooo“""‘.s
21 20 91817161514131211109

(1

(5) High T, in siRNA Duplex / AorU

High GC Content in Guide Strand

GorC

(4) Absence of Long GC Stretches (>9 nt)

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

homologie pouze k cilové mRNA (BLAST search)

https://rnaidesigner.thermofisher.com/rnaiexpress/
https://eu.idtdna.com/site/order/designtool/index/DSIRNA_ CUSTO

https://www.invivogen.com/sirnawizard/

http://sidirect?2.rnai.jp/




siRNA shRNA

shRNA urtng ey
molecule dsRNA oli DNA plasmid
S oligo (RNA pol lll promoter)
, ; Processing YT i)
pr'odukovany 4 exogennlho SIRNA shRNA
vektoru l \y
i
4 Targets — Y dsRNA
promotor polymerazy ITI —.
syntéza a zpracovani v burice .
{] g ene :
obdobné jako i mikroRNA suppression "B
ad BamH Hindll
lontioop [HMMGNIGRtSense  [TERM

b 'dicing'

shRNA/PIk1 siRNA/PIk1
5t GUGCUUCGAGAUGGGACUU J_)S’— GUGCUUCGAGAUCGGACUU
3~ UUCACGAAGC UCUAGCCUC‘GGUA UUCACGAAGCUCUAGCCUG -5




' Pol wﬁ*m—mﬁ

antisensea
= 19-29 M ——pp =30 Al —ppd— 15-29 nf —

RNA folding 'l'

2 short hairpin RNA
SU, (n<3) (shRMA)

shRNA cleavage _!'
5
J'U, [n=5)

offective siRNA




atgtctoggoggacgegectgcgaggatotggatgagetgeactaccaggacacagattcagatgtgooggagcadg
agggatagcaagtgceaaggtcaaatggaccocatgagqgaggacgageagoetgagggoecctggtgaggeagtttgga
cagoaggactggaagttoctggocageocacttcocctaacogoactgaccageaatgocagtacaggtggetgaga
gttttgaatccagaccttgtcaaggggocatggaccaaagaggaagaccaaaaagtecatcgagetggttaagaag
tatggracaaagcagtggacactgattgocaageacctgaagggocggoctggggaagcagtgocgtgaacget gy
cacaaccacctcaaccctgaggtgaagaagtcttgoctggacocgaggaggadgacogeatocatotgegaggoccac
aaggtgotgggeaaccgctgggecgagategocaagatgttgocagggaggacagacaatgectgtgaagaatcac
tggaactotaccatcaaaagqgaaggtggacacaggaggetticttgagegagtecagagactgcaagoococagtg
tacttgoctgetggagoctcgaggacaaggacggoctoccagagtgoccagoccacggaadgocagggaagtottctyg
accaactggeoeccteegtoccctoctaccataaaggaggaggaaaacagtgaggaggaacttgcagragooaccaca
tcgaaggaacaggagoccatcggtacagatotggacgcagtgogaacaccagageccttggaggaattooccgaadg
cgtgaggaccagdggaaggotococaccagaaacdagoctgocttacaagtgggtggtggaggoagoctaacctocto
atccotgetgtgggttctagectoctotgaagecctggacttgatcgagteggaccctgatgettggtgtgacctyg
agtaaatttgacctococctgaggaaccatotgocagadggacagtatcaacaacagectagtgoagetgoaagogtca
catcagcagcaagtcctgoocaccocgeocagocttcogecctggtgoeccagtgtgacocgagtacegectggatgge
cacaccatctcagacctgagooggadoagoecgdaggogagetgatoecccatctococcagoactgaagtegggggc
tctggoattggeoacaccgooctctgtgotocaagoggecadgaggaagaggogtgtggctetgtocccctgtoactgag
aatagraccagtctgteocttcocctggattoctgtaacagectcacgooccaagagecacacctgttaagacococtgece
ttctogoocctooccagtitoctgaacttotggaacaaacaggacacattggagotggagagoccctogotgacat oo
accccagtgtgeoagocagaaggtggtggtoaccacaccactgracocgggacaagacacccctgoaccagaaacat
gctgogtttgtaaccococcagatcagaagtactocatggacaacactooecacacgeccaaccocgttecaagaacgee
ctggagaadtacggaccoctgaagoecoctgocacagaccocogecacctggadgaggacttgaaggaggtgetgogt
tctgaggotggeoatcgaactcatcatocgaggacgacat caggooccgagaadgoadaadgaggaagoctgggotgogyg
cggagccccatcaagaaagtooggaagtetctggetottgacattgtggatgaggatgtgaagetgatgatgtec
acactgococcaagtoctoctatocttgocgacaactgecccttcaaactottocagectocaccotgtoaggtatocaaa
gaagacaacagcttgetcaaccagggettottgecaggecaagoocgagaaggeagecagbggcccagaagoocccda
agccacttcacgacacctgoccctatgtocagtgectggaagacggtggectgegggdggaccagggaccagett
ttcatgroaggagaaagcocccggoagetooctgggocgectgaagoocagocacacatcteggacocctecatottgt oo
tga




https://rnaidesigner.thermofisher.com/rnaiexpress/
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B HELP
BLOCK-iT™ RNAI Designer

The easiest way to design effective RHAiI molecules for great results

See also:
BLOCK-iT™ RMAI Express: Simplified online ordering of pre-designed and validated Stealth Select RNA™ siRNA.

Synthetics for in vivo RNAj
PlateSelect™: Order made-on-demand RMNAI in custormizable plate format at Tnmaole scalel

[ 1

Target Design Stealth RMNAI™ siRMA @ miR RMA) SRR to Steath RMAT™ siRhA 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
otide sequence: Enter only A, C, G, T, and U, See the online Help for additional information
atgteteggeggacycyctyocgagyatctyyatyagety cactaccaggacacagattcag stotgoc ggaycagayyyataycas gtycasyatcasstyyacoeatyagyagga cyagoagctyagygooctygtaagycatt goa
cageagyactggeagitcotygocageoacttcoctaacogoactgaccageastyocagtacag gt ggctyagactittgastccagacottgtcaagggoceatygaccasagagyasyaccaaaaagtcatcyaycigoitaagaagta
lggcacassgcagtygacactysttyccaagoacctgaaggoccygctyggyaagcacgtgccatgaacyctygcacaaccacctcaaccctyagotgaagaagtciigctygac cgagyaggaggaccycateatcigcgaggcocac
aaggtyctyggcaaccyctygyccyagatcycoaagatgttnccagyoaggacagacaatyctotgaagaatcactgyaactctac catcasaaggaagatayacacagyagactt ctgagcyagtccaasgactgcaagcococagty
tacttgctyctagagctcyagyacaagyacyycolccagagtyccoagcocacyyaaggccagyyaantctictyaccaactyycootoocatec ctectaccataaagyagyangasaacagtyagyagyaacttycagcagcoaccac
astcgaaggaacagyagcceatogotacagatctygacgcacgtgogaacaccagagcoctygagyaattcocgasgogtgagyace agyaagyctcocccaccagaaacgag ooty cottacaactggatogtagagcagctaacctc
ctoatcootyotatygottctagoctotctygaayoo ctygacttustogamtcgyaccctystoctt gotatgacctgagtassttyacctc cotgaynaaccatctycagagyacagtstcaacascagcctagtycayctycasgcotoacate
caagtcotyocaccoogooagoctcogooctygtycoccagtatgaccyagtaceyectygatggocacaccatctcagacctyagocygyageagcogyoycygagctystcocoatctoocooageactgaagtcgg g
gocatyy s coctototyctoaagoyycagagyaagayocitatyyctctatecc ot gt cactgagastagoaccagtctatcottcctgy attecttaacagoctcacyooosagage acacctgttasyacc: Cictogoc
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BLOCK-iT™ RNAI Designer

The easiest way to design effective RNAI molecules for great results

See also:
BLOCK-iT™ RNAi Express: Simplified online ordering of pre-designed and validated Stealth Select RNAI™ siRMA.

Synthetics for in vivo RNAI

Plate Select™: Order made-on-demand RMNAI in customizable plate format at Inmole scalel

Target Design Stealth RNAI™ SiRNA | sRNA  miR RNAi SEIIA o Steath RNAI™ SRNA

Options:

Find out more about Stealth RNAi™ siRNA, the next generation RNAi molecule.  How to Order

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

SignIn~  Quick Order 1ll

o e

siRMA to shRMNA

Accession number:
OR
Nucleotide sequence: Enter only A, C, G, T, and U. See the online Help for additional information

65




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

Open reading frame (ORF) m 5'UTR m 3'UTR

Hurman - Homo sapiens | DNOTE: 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: 3%V Maximum G/C percentage: 5% ¥

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

F: Proprietary (Recommended)

& Default motif pattern:

A AANIGITT B: MA(N15INN C: NARNITYINN D: MA(N1EYINN

RHNAi Design Reset Form

Guarantee: The BLOCK-T™ REMAI Designer is such an effective tool for the design of siRMASs that if you order the three best siRMA sequences designed by
the BLOCK-T™ RMAI Designer, we guarantee that two of them will give greater than 70% knockdown of mRMA, given that the transfection efficiency in your

experiment is at least 80%. If two 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 (800-955-6235 ext ). FPlease be prepared to fax or email your order reference
numhber, oligo sequences and data showing your transfection efiiciency and knockdown. This offer is good far one free duplex per target.

How to Order: You must have an account with Invitrogen to order custorm oligos. After your oligos have been designed and added to the arder form, ou must
entar a2 valid customer number that Is keyed to your account. If you do not already have an account, contact your local representative to set up an account.

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




Sequence(DHA) Region T % Tuschl's pattern match®

] 1 517 GCCATGGACCAAAGAGGAA ORF 5264 e
7 2 656 CCTGAGGTGAAGAAGTCTT ORF 47.37 ool
SiRNA - default ] 3 TES GGACAGACAATGCTGTGAA ORF 4737 B Lpieise
H 4 954 CCGTCCCTCCTACCATAAA ORF 52,64 e
] 5 1177  GGGTTCTAGCCTCTCTGAA ORF 52.64 v
F 6 1557  CCTTCCTGGATTCCTGTAA ORF 4737 o
] 7 1587  CCAAGAGCACACCTGTTAA ORF 4737 i
|:| 8 1623  CCTCCCAGTTTCTGAACTT ORF 4737 ik
] 3 1644  GGAACAAACAGGACACATT ORF 42,11 Lo i
H 10 1756  CCAGAAACATGCTGCGTTT ORF 4737  BD AT

Target sequence(DNA)

] 1 517 GCCATGGACCAAAGAGGAAGA ORF 52.39 et
& 2 570 GCACAAAGCAGTGGACACTGA ORF 52.39 Ao
] 3 785 GGACAGACAATGCTGTGAAGA ORF 4782 b pietaisd
H 4 1230 GGTGTGACCTGAGTAAATTTG ORF 4285 RO
siRNA - Tuschl ] 5 1271 GCAGAGGACAGTATCAACAAC ORF 4762 g o g E
B 8 1585 GCCCAAGAGCACACCTGTTAA ORF 52.39 oY
] 7 1644 GGAACAAACAGGACACATTGG ORF 4762 et
& 3 1922 GCTGGCATCGAACTCATCATE ORF 52.39 i
] 9 2023 GGCTCTTGACATIGTGGATGA ORF 4782 b paatso o
B 10 2024 GCTCTTGACATTGTGGATGAG ORF 4782 RO
Target sequence(DNA) Region
Il 1 547 GCCATGGACCAAAGAGGAAGA ORF 52.39 Vrvetesn
H 2 570 GCACAAAGCAGTGGACACTGA ORF 52.39 i
Il 3 765 GOACAGACAATOCTGTGAAGA ORF 4762 oy
& 4 1230 GETGTGACCTGAGTAAATTTG ORF 4285 PR
shRNA Il 5 1271 GLAGAGGACAGTATCAACAAC ORF 4762 e
H g 1585 GCCCAAGAGCACACCTGTTAA ORF 52.39 TR
Il 7 1644 GBAACAAACAGBACACATTGE ORF 4762 L
& 8 1922 GCTGGCATCGAACTCATCATC ORF 5239 Lo toro s ik
Il 9 2023 GGCTCTTGACATTGTGGATGA ORF 4762 e o
H 10 2024 GCTCTTGACATTGTGGATGAG ORF 4762 Frichedr




http://sidirect2.rnai.jp/

.. pro design siRNA

Sl D] FECt version 2.0 highly effective, target specific siRNA online design site.

NM_002466

or Paste in a
ggctgocaag
tgaggctgcc
coggagacag
cctggaacgc
agacactatt
ccttogtgaa
ctacaggaag
ctococctgaac
aaggacactt
tcagcatcac

Enter an accession T

*sample seguence

ber and retrieve seguence:

[ retrieve sequence

nucles

aacctgoagg
sacCcggyaacsa
gtgcagtoco
cagatgcocgtg
ggccgoctgo
taccaagacc
ctgoctggaag
ctgagggaas
ctgattaaga
gatgaccttg

fde seguence:

aggcagaaga
atgacgcoct
tocacctgtga
aaatggaaga
aggatgagat
tgoctcaatgt
gocgaggagag
ctaatctgga
cggttgaaac
aataaaaatt

ions:

atggtacaaa
gogocaggoa
agtggatgoc
gaactttgcec
tcagaatatg
taagatggcc
caggatttct
ttocactooct
tagagatgga
gcacacactc

tocaagtttg
aagcaggagt
cttaaaggaa
gttgaagctg
aaggaggaaa
cttgacattg
ctbgoctotto
ctggttgata
caggttatca
agtgcagcaa

ctgacctoto
ccactgagta
ccaatgagto
ctaactacca
tggctogtca
agattgccac
casactttto
coccactcaaa
acgaaactto
tatattacca

silirect v.2.0 | Last modified on Dec 3, 2009.
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'§Uubor l:lprg\.l}r Zobrazit ﬂistorie_Za'Igiky ﬂa’;oje Napoveéda

1 algorithrm: X ﬂ siDirect Homo sapiens MYB proto-onc X +

> C @ © £ sidirect2rnaijp e & | | Q vyhledat n @O ® 55 =

4+ Mejnavitévovangsi  [ay Jak zacit

toagoatosc Jatgsocttg a2stazssstt goscacacts agtgoagoaa tatattacos

Options:

pdnctional siRNA selection algorithm by:

Ui-Tei et al., Nucleic Acids Res 32, 936-948 (2004)
[hide options] Ui-Tei
—

= Reynolds et al., Nat Biotechnol 22, 326-330 (2004) Link
[ Amarzguioui et al., BBRC 316, 1050-1053 (2004) Link

use combined rule:

[[ ui-Tei + Reynolds + A ioui
e Sreles IR Reynelds  Amarzguioui

[ vi-Tei + Reynolds x Amarzguioui
Cl ui-Tei x Reynolds » Amarzguioui

Minimization of seed-dependent off-target effects @

Seed-duplex stability: Max Tm 21.5 *C new!

(for reducing seed-dependent off

Off-target reduced
SiRMAs
Ui-Tei et al., Nucleic_Aeids Res 36, 710

All seeds

[hide options]

m

[] show number of off-target hits within three mismatches

Other options

[ Target range: from start to end

] Avoid contiguous G's or C's 4 ~+ nt or more (for chemically synthesized siRNA)

oid contiguous A's or T's 4  nt or more (for shRNA vectors with pol III promoter)
[l &c content: from 0 % to 100 %a

[Tl custom pattern: NNGNNNNNNNNNNNNNNNNNNNN @
[ Exclude pattern:

r'||w,-r show siRNAs that match all checked criteria

siDirect v.2.0 | Last modified on Dec 3, 2009. m




Sl D | FECt version 2.0 highly effective, target specific siRNA online design site.

Enter an acceszion number and retrieve =equenc
NM_002466 | retrieve sequence

Sl DI FECt version 2.0 highly effective, target specific siRNA online design site.

Enter an accession number and retrieve sequence:

NM_D02466 [ retrieve sequence

or Paste in a nucleotide sequence:

HM GG¢4EE 4 Homo sapiens HMYB prntc onCcogens llke 2 (MYBLZ), transcrlpt variant
1, mENA

L T AT I T A O A A A T ECT AR CECTEACECCTICCARCECEECCCEEEE
e e e e T e e e e
B A R O T Lo L R e AT C T CT OO AL O EC T CCCACEATCTEEAT CRECT
A CTR R R R AT T A R T T O O A AR EATACC R R CTFCARCETCARLTEERACCCATER
B R AL A T AR e LT e T A A T T T AR CCACEACTEERAR T ICCT FECCRECCAT
I TR A TR A A T A TA A T T CACACTITTEARTCCACACCTICTCAREE
B AT A A R L A A O e R T R T AT G T TAR AL CTAT CECACAR R ECACTEEAC
ACTERTT AR AT R R OO T B A R ECACTECOETCRRCECTEECACRRCCACCTCRRED
T A T R A A T T T T A O A A A AR AT CAT CT CCCACECCCRCAR CETECTERE
R T e A R T O O A A T T T A AR CACACA R TECTET AR AR TCRCT SRR
CICTAC AT A A e T A A A G AT ICT TEACCEACT CCAR A CACT CCAR GOCCCCACTE
T T T T T R T O A LA C R O T SO AL T CCCCAGCCCACEEL A CECCACEERRETC
TICTEPEE&RCTEEEEEICEGTEECTECIACEPTAAAGCPGEnGGhAEPEAGTGEGEAGGEACTTGEAGC -
B R R R AT TAC R AT CT EEACECACT FOERRCRCCRACRCCCOCTTR

FET RS T TR R e e RS TS E  FEE TETET S T T T T T T T T T T T R T R T T e e e

L1

design siRNA
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SiDiFECt version 2.0 result page.

2020-02-04 18:55:53, silirect wv.2.0

Query

Query name: NM_002466,4 Home sapiens MYE proto-oncoegene like 2 (MYBLZ), transcript variant 1, mRMNA

Query sequence: 2668 bp

Functional siRMA selection: Ui-Tei + Reynolds + Amarzguioui
Seed-duplex stability - Max Tm: 21.5°C

Specificity check: Homo sapiens non-redundant databasze
Avoid contiguous A's or T's: 4 nt

Effective siRNA candidates

functional specificity check:
RMNA oligo sequences EiIRN.A i seed-duplex minimum number of cgntiguous
tar%gt =1 tt.‘:arg:ttiiqu:ncerh 21nt guide (5 =27} EEU‘.EF_IE'U.”' stabilty (Tm}; mismatches against A'=s ar T's
il k. HE CWErEng 21int passenger (5 —3') Re;nnil,r; any off-targets; constraint
Amarzguioui guide passenger guide passenger
UACAAACGCAGCALGUUUCUG : :
1662-1684 CAGARAACATGECTGECG GTAAC GAAACALGCUGCEUUUGUAAC URA |:| 19.8°C 12.1°C |2 [detail] 2 [detail] ok

.. ale sShRNA ?2?2?
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www.invivogen.com/sirnawizard/

o~ .
7 InvivoGen

siRNA Wizard Software

FIMDHSIRMASECQUEMNCES  ADWARMCEDSEARCH  DESIGHN HAIRPIMIMNSERT  SCRAMBLE SIRMA - SELECTION CRITERLA  SIRMA DESIGR GLIDELINES

Selection of siRNA/shRNA targets

InvivoGen's siRMNA Wizard™ is a software designed to help you select siRNASHRNA sequences targeting vour zenels) of interest. This program selects siRNAShRNA

sequences that match criteria suggested by studies of RNA interference and which will have the best expression rate in psiRMA vectors,

siRNA Wizard™ is composed of 3 parts:

Find siRNA/shRNA sequence:

Two types of searches can be performed to find siRNA/SKRMNA sequences:
Standard search utilizes a default set of criteria to analyze your gene of interest and provide the best sequences to silence 2ene expressich,

Advanced search lets vou manually set the criteria for selecting the sequences against vour target zene.




Motif size:

21 nt

mRNA Database:

human

miRNA SEED Database:

human

6 siRNA candidate target sequences of 21 nt found :

There is non putative siRNA without homology to other genes.
Check the list of homolog genes to each putative siRNA to choose siRNA corresponding to your needs.

GGRAGTCTCTGGCTCITGACR

GRAGTCTCTGECTCTTGACAT

For generating the hairpin insert :
Loop sequence: TCAAGAG
psiRNA Vector for cloning :

psiRNA-h75K G1 (cloning sites: BbsI/BbsI)

For generating scrambled siRNA, select database :

human |

Start
Tivy

78
1320
1656
1748
1749

Design hairpin

GC%
52.38

47.62
52.38
52.38
52.38
47.62

Generate scrambled siRNA

# of Blast homologs
3

4
2




portals.broadinstitute.org/gpp/public/seq/search

EEBROAD e GPP Web Portal

Horme | Search by Gene | Search by Clone

Design Hairpins to Target a Transcript Sequence
Scaring of candidate shRMA sequences available in 2 ways:

1. Ifthe desired transcript is listed in MCBI RefSeq, you can find hairpin desians by
o Searching foran MCBl gene or transcript here or selecting "Search by Gene" from the Mavigation bar ahove
o Clicking anthe "Transcript ID" link an the Search Results page to navigate to the "Transcript Details" page
o Lnder the "Hairpin Candidate Sequences” heading, clicking the link titled "Show high scaring hairpin designs
forthis transcript!

This will vield a table of the top shREMAdesians for this transcript, pre-scored for predicted knockdown efficacy and for
specificity vs, other genes ofthe same taxan.

2. Ifthe desired target transcript is not found in MCBI BefSeq, oris from a taxon other than mouse or human (e.q. Bat you
can paste the sequence you wish to target in the box below (in DRAor BRATorm), and receive a list of matching shRMHA
sequence designs, scored according to predicted knockdown efficacy. Mote that specificity versus other targets notis
not considerad in this score.

For a description of the candidate-picking process and rules, please see the following link: shEMAdesion process

Target transcript sequence (in DNA or RNA form):
e.g. MCGTATTGAT G CCACAGAC GTATTGATG CCACAGAC GTATTGATGCCACAG! et
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pRNA-U6.1/Neo
(5078 bp)
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B-Myb shRNA

W
D
=
[

5 GATCCGGCCATGGACCAAAGAGGAATTCAAGAGATTCCTCTTTGGTCCATGGCITTTTT GG &
| Sense | Loop | Antisense Termination Signal

S’AGCTCCAAAAAAGCCATGGACCAAAGAGGAATCTCTTGAATTCCTCTTTGGTCCATGGCCG 3
Hind III

BamH |
GATCCGGCCATGGACCAAAGAGGAATTCAAGAGATTCCTCTTTGGTCCATGGCTTTTTT GG
GCCGGTACCTGGTTTCTCCTTAAGTTCTCTAAGGAGAAACCAGGTACCGAAAAAACCTCGA
Hind 111

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




dalsi postup ...

prenos plazmidu do eukaryotickych bunék (prechodnad transfekce)

analyza exprese cilového genu na Urovni proteinu (westerniv prenos)




Organizace cvic¢eni (sShRNA)

skupiny po 12 lidech (2x 6 hod praktickych cvi¢eni)

Kazda skupina

.. pred praktickou ¢asti cviceni ...

pridélen jeden cilovy gen (stejny jako pro CRISPR)

ndvrh siRNA/shRNA sekvence (miniprojekt)

zaslani nejpozdéji tyden pred zaldtkem cvic¢eni na email vyucujictho dané
skupinky

.. po praktické ¢asti cviceni ...

vysledky ziskané na cvi¢enich budou zpracovdny do tohoto miniprojektu




Miniprojekt (.doc)

strucny 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) dil¢ich krokl posttranskripéniho uml¢ovdni cilového genu

analyza vystupl ze sekvenace genomové DNA ziskanych klon

zAaveéer




Cilové geny

Tacstd2 (Gene ID: 56753) - 23. 3. 2022 - Knopfova (knopfova@sci.muni.cz)

Myb (Gene ID: 17863) - 30. 3. 2022 - Benes (pbenes@sci.muni.cz)

Mybl2 (Gene ID: 17865) - 13. 4. 2022 - Benes (pbenes@sci.muni.cz)

Cxcll (Gene ID: 14825) - 20. 4. 2022 - Kohoutek (jiri.kohoutek@sci.muni.cz)
Icaml (Gene ID: 15894) - 27. 4. 2022 - Kohoutek (jiri.kohoutek@sci.muni.cz)

Tnfsf9 (Gene ID: 21950) - 4. 5. 2022 - Navratilova (22031@mail.muni.cz)

Prihlasovani v ISu dnes od 17.00




