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Opinnaytety6 tehtiin Helsingin yliopiston genomibiologian keskuspalveluyksikolle. Ge-
nomibiologian yksikkd eli GBU (Genome Biology Unit) tarjoaa erilaisia genomin laa-
juisten kloonikirjastojen jakelu- ja modifiointipalveluita Helsingin yliopiston ja muiden
Biocenter Finland -yliopistojen tutkimusryhmien kaytto6n. Taman opinnaytetydn tarkoi-
tus oli edistda GBU:n CRISPR-Cas9-menetelmaan pohjaavan uuden genomieditointi-
palvelun kayttéonottoa.

Ty6 aloitettiin suunnittelemalla gRNA-Cas9-kompleksiin tarvittavat Opas-RNA:t eli
gRNA:t tutkimusryhman intresseissa oleville geeneille (STK11, STING1, ULK1, Ezh2,
Met, Hgf, [111, Axl ja Nrg1l) Benchling-sovellusalustalla. gRNA:n sekvenssi vastaa mo-
difioinnin kohdetta, ja sitd muokkaamalla pystytaan vaikuttamaan siihen, mihin kohtaan
genomissa gRNA-Cas9-kompleksi sitoutuu. Kohteeseen sitoutumisen jalkeen Cas9-
proteiini katkaisee nukleaasidomainien avulla kaksijuosteisen DNA:n ja lopputulok-
sena syntyy kaksoisjuosteen katkos eli DSB (double-strand break). Tassa tydssa
gRNA:t suunniteltiin siten, ettd DSB syntyisi geenissa sellaiseen kohtaan, joka aiheut-
taisi geenin inaktivaation. Taméan avulla voidaan tutkia geenin toimintaa.

Opas-RNA:n (gRNA1) yla- ja alajuoksuun suunniteltiin etu- ja taka-alukkeet 150 ja 500
emasparin paahan, naiden tarkoituksena on monistaa polymeraasiketjureaktion avulla
(PCR) genomieditoinnin kohteena oleva alue geenista. Sekvensoimalla kyseinen alue
editoiduista soluista voidaan selvittdd, onko genomieditointi onnistunut. Tydn yhtena
tavoitteena oli maarittda, toimiiko sekvensointimenetelma editoinnin varmistamisessa,
ja voidaanko sitd taten tarjota palveluna. Etu- ja taka-alukkeiden sekéa gRNA:n suun-
nittelulle luotiin uusi protokolla GBU:lle.

Tyon seuraavassa vaiheessa kaikille geeneille suunnitellut gRNA:t kloonattiin lentivi-
rusvektoriin (lentiCRISPRv2 Puro). Konstruktin valmistamiselle laskettiin tarvikkeiden
kulutuksen ja ajankayton kautta hinta-arvio, joka tulee maarittdmaan tarjottavan palve-
lun hinnan. Seuraavassa vaiheessa vektorit tullaan siirrostamaan lentivirukseen, milla
infektoidaan soluja. Jos menetelmé& toimii odotetulla tavalla, niin lentivirus siirtda
gRNA-Cas9 kompleksia koodaavan DNA:n haluttuun solulinjaan, jonka genomin ha-
luttuun kohtaan muodostuu kaksoisjuosteen katkos.
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This thesis was made for the Genome Biology Unit (GBU) which is a part of genome
editing and stem cells core-unit platform Helsinki Institute of Life Science at the Uni-
versity of Helsinki. GBU provides genome-scale open reading frames and Gateway
cloning services for research groups (Biocenter Finland research groups). The purpose
of this thesis was to help forward the commissioning of a new CRISPR/Cas9 genome
editing service.

The project started by designing gRNA:s for the Cas9-gRNA complex. The gRNAs
were designed with Benchling platform for the research group’s genes of interest
(STK11, STING1, ULK1, Ezh2, Met, Hdgf, 1111, Axl ja Nrgl). gRNA corresponds to the
sequence that is the target of the editing by defining where the Cas9-gRNA complex
will bind. After binding to the target DNA Cas9 will cut the double-stranded DNA and
create a double-strand break (DSB). In this thesis the gRNAs were designed into a
location that likely disrupts the gene's activity, allowing studies of the gene function.

Reverse and forward primers were also designed upstream and downstream (150 and
500 base pairs) of the gRNA binging site. The purpose for the primers is to multiply
and isolate the sequence of interest from the gene by PCR (Polymerase Chain Reac-
tion). By sequencing the PCR fragment, it is possible to evaluate the success of the
gene editing. A new protocol was created for GBU for designing gRNAs and primers.

The next step of the project was to clone the designed gRNAs into a lentiviral vector
(lentiCRISPRv2 Puro). The supply cost and work time was calculated for this step
which will determine the price for this service. The final step of this service is to produce
lentiviruses carrying Cas9 and the generated gRNA and infect target cells with the
viruses. The virus will transfer the Cas9-gRNA complex encoding DNA to the cells
allowing for gene editing in the desired position in the genome.
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1 Johdanto

Opinnaytetyo6 tehtiin Helsingin yliopiston genomibiologian keskuspalveluyksikélle
(Genome Biology Unit). Genomibiologian yksikko eli GBU tarjoaa erilaisia geno-
min laajuisten kloonikirjastojen jakelu- ja modifiointipalveluita Helsingin yliopiston
ja muiden Biocenter Finland -yliopistojen tutkimusryhmien kayttoon. GBU:lla on
laaja avoin lukukehyskirjasto eli ORF-kirjasto (Open Reading Frame), joka pitaa
siséllaan 18600 taysin verifioitua kloonia sekd komplementaarisen DNA:n
(cDNA) kokoelman 29000:lle eri kloonille (organismit Homo sapiens ja Mus
musculus). GBU tarjoaa kohdennettua mutageneesia kaikille ORF-kirjaston sisél-
tamille klooneille sekd Gateaway-kloonauspalvelun lukuisille ekspressiovekto-
reille. GBU:lla on myds TRC1 shRNA - ja Sanger CRISPR (knockout) -kloonikir-
jasto. Kirjastojen sisaltamaét kloonit ovat saatavilla esimerkiksi glyserolistokkeina
tai petrimaljoina. [1.]

Taman opinnaytetyon tarkoitus oli edistdd CRISPR-Cas9-menetelmaan poh-
jaava genomieditointipalvelun lisdamistd GBU:n palveluportfolioon. CRISPR-
Cas9-menetelméan avulla on mahdollista tuottaa uutta tutkimustietoa geenien toi-
minnasta. Tama onnistuu esimerkiksi tuottamalla CRISPR-Cas9-kompleksilla
kaksoisjuosteen katkos sellaiseen kohtaan, joka tuottaa geenin inaktivaation.
Geenin sammuttaminen johtaa proteiinin tuoton lakkaamiseen, mika antaa tar-
kempaa tietoa siita, ettd mika on geenin ja sen tuottaman proteiinin merkitys elién
kannalta.

CRISPR-Cas9-menetelma tarjoaa mahdollisuuden myds uusiin hoitotoimenpitei-
siin. Menetelman avulla on kaytanndssa mahdollista poistaa perinndllisia geeni-
sairauksia tuottavia variantteja ja korvata ne terveilla kayttamalla homologiasuun-
nattua paiden yhdistamista kaksoisjuosteenkatkoksen korjaamiseen. GBU:n uusi
genomieditointipalvelu tulee helpottamaan tutkimuksen tekoa ja mahdollisesti tar-
joamaan myo6s valillisesti uutta tietoa geenien toiminnasta, kun eri tutkimusryh-
mat paasevat kayttamaan sita hyvaksi. GBU:lle uusi palvelu tulee puolestaan li-

sdamaan liiketoimintaa.



2 CRISPR-Cas9

CRISPR (clustered regurarly interspaced short palindromic repeat) on osa bak-
teerin adaptiivista immuunijarjestelmaa. Kyseista immuunijarjestelmaa ei ole ha-
vaittu nisakkailla. Jarjestelma perustuu bakteerin/arkin genomista I6ytyviin noin
20 emasparin toistojaksoihin, jotka vastaavat aiemmin infektion muodostaneiden
bakteriofagien DNA:ta/RNA:ta. Kyseiset toistojaksot eivat koodaa mitaan proteii-
nia. Lyhyet palindromiset toistojaksot erottavat eri bakteriofagien tunnistussek-
venssit toisistaan. Cas (CRISPR associated protein) on entsyymi, joka kayttaa
CRISPR:sta loytyvia toistojaksoja bakteriofagin DNA:n tunnistamiseen. Cas-pro-
teiinia koodaava sekvenssi [6ytyy genomista aina lyhyiden bakteeri- ja arkkivirus-
ten genomia vastaavien toistojaksojen laheisyydesta. Taman kokonaisuuden
avulla esimerkiksi Cas9-entsyymi loytaa ja pilkkoo bakteerisoluun tunkeutuneen
bakteriofagin DNA-juosteen tietystd kohtaa ja infektio estyy. [2, s. 474-475.]
(Kuva 1).
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Kuva 1 Bakteerin CRISPR/Cas-immuunijarjestelma bakteriofagia vastaan. [2, s.
234, muokattu.]



Bakteereissa aktiivinen CRISPR-CAS-systeemi on onnistuttu ottamaan kayttoon
genomin muokkauksen apuvalineeksi myds muissa esimerkiksi niséakkéaiden so-
luissa. CRISPR-CAS-menetelmé&én (suomenkielisessa tekstissa kaytetaén usein
termia "geenisakset”) sisaltyy opas-RNA (gRNA/sgRNA) seka Cas-proteiini (en-
donukleaasi, Cas9). Opas-RNA eli gRNA (guideRNA) on lyhyt synteettinen RNA-
juoste, joka rakentuu gRNA:n Cas9-entsyymiin kiinnittdvasta osasta (skaffoldi)
seka noin 20 nukleotidin pituisesta sekvenssista, joka vastaa modifioinnin koh-
detta genomissa (kuva 2). Sekvenssia muuttamalla pystytdén luonnollisesti vai-
kuttamaan siihen, mihin kohtaan genomieditointi kohdistuu. Kyseesséa on ensim-
mainen genomin muokkausmenetelma, jossa kohdesekvenssi valitaan komple-
mentaarisen sekvenssin perusteella, mika tekee siitd helposti muokattavan. [3, s.
235.]
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Kuva 2 CRISPR-Cas9-menetelman muodostuminen ja rakenne. [4, muokattu.]



Kohdesekvenssin (20 nukleotidid) tulee tayttdd seuraavat kaksi ehtoa. Muuhun
genomiin nahden kohdesekvenssin pitaa olla uniikki, ja sen valitttmasta lahei-
syydesta pitaa loytya PAM-sekvenssi (Protospacer Adjacent Motif), joka sijaitsee
2—6 nukleotidin paassa alavirtaan kohdesekvenssistd. PAM-sekvenssin l&hei-
syys on valttamatonta, silla Cas-proteiini kiinnittyy siihen kohtaan. Cas9:n konfor-
maatio muuttuu gRNA:han sitoutumisen myo6ta inaktiivisesta aktiiviseksi,
DNA:han sitoutuvaksi konformaatioksi. Negatiivisesti varautunut skaffoldi kiinnit-
taa Opas-RNA:n (gRNA) Cas9-proteiinin pinnalla oleviin positiivisesti varautunei-
siin uriin. Opas-RNA jaa vapaaksi, mika mahdollistaa emaspariutumiseen perus-

tuvan vuorovaikutuksen DNA:n kanssa. [3, s. 235.]

Kohteeseen sitoutumisen jalkeen Cas9-gRNA kompleksi aukaisee kaksijuostei-
sen DNA:n. Opas-RNA on homologisesti vastaava genomista I6ytyvan kohteen
kanssa, ja aukeaminen tapahtuu 3’-5’-suunnassa. Taman jalkeen Cas9-proteiini
katkaisee nukleaasidomainien (RuvC:n ja HNH:n) avulla kaksijuosteisen DNA:n

ja lopputuloksena syntyy kaksoisjuosteen katkos eli DSB (double-strand break).

Taman jalkeen solun DNA:n korjausmekanismit korjaavat muodostuneen katkok-
sen. Tahan on kaksi vaihtoehtoista polkua. Ensimmainen polku on ei-homologi-
nen paiden yhdistyminen eli NHEJ (non-homologous end joining). NHEJ-polku

on nahtavissa kuvassa 3.
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Kuva 3 Ei-homologinen paiden yhdistyminen (non-homologus end joining,
NHEJ). [4, muokattu.]



NHEJ on aktiivinen solusyklin vaiheesta riippumatta, ja se korjaa DNA:n nopeasti,
mutta ei virheettomasti (kuva 3). Inmisen DNA:n korjaamiseen osallistuvat Ku70-
Ku80-heterodimeerit proteiinikompleksit sitoutuvat kaksoisjuosteen katkosten
paihin ja ne ovat edellytys polymeraasi-, ligaasi- ja nukleaasientsyymien sitoutu-
miskyvylle. NHEJ:n seurauksena edell& mainitut entsyymit saattavat muodostaa
esimerkiksi ennenaikaisen lopetuskodonin, kun kohde-DNA:han syntyy nukleoti-
dien deleetioita, lisayksia seka naiden yhdistelmana frameshift-mutaatioita (in-
sertio ja deleetio - frameshift-mutaatio). [2, s. 235.] Kuvassa 4 nakyvissa delee-
tio (vrt. villityypin ja deleetion DNA-juosteen pituutta), lisdys vaaleanpunaisella ja
naiden yhdistelméa frameshift-mutaatio oranssilla. NHEJ:n kautta kaksoisjuoste
voi myo6s korjautua alkuperaiseen sekvenssiformaattiinsa (villityyppi, geenin ei
mutatoitunut muoto). Geenien toiminnan poistoon tahtaavissa sovelluksissa on

tarkoituksena luoda DSB siten, ettd muutos johtaa proteiinin tuoton estymiseen.

Toinen tapa korjata kaksoisjuosteen katkokset on homologiaa hyédyntava paiden
yhdistyminen eli HDR (homology-directed repair), joka on aktiivinen vain jakau-
tuvissa soluissa. Kyseisessa polussa DSB korjataan korjaustemplaatin avulla.
Luovuttaja-DNA (donor DNA) tulee vieda kohdesoluun samanaikaisesti Cas9-
gRNA-kompleksin kanssa ja sen sekvenssin tulee olla homologinen kohdesek-

venssin kanssa 5’-3’-paiden suhteen. [5, s. 2.] HDR-polku nahtavissa kuvassa 4.



Korjaustemplaatti, jonka péit homologiset
DSB:n suhteen. Korjaustemplaatti sisdltaa
myds halutun genomieditoinnin ja PAM-
mutaation *

FURNTINENINRINTTN

Kuva 4 Homologiasuunnattu paiden yhdistyminen eli HDR (homology-directeted
repair). [4, muokattu.]

Korjaustemplaatti pitaa sisallaan seka halutun genomieditoinnin ettd PAM-mu-
taation, jonka tarkoituksena on estdd genomieditoinnin jalkeen CRISPR-Cas9-
kompleksin uudelleen sitoutuminen ja DSB:n muotoutuminen. HDR-polku kilpai-
lee korjausmekanismina NHEJ:n kanssa. HDR-polun tehokkuutta pystytaan pa-
rantamaan esimerkiksi inhiboimalla supressoriproteiini p53 (53BP1) toimintaa,

joka rajoittaa HDR-korjausmekanismia. [6, s. 108—109.]

3 gRNA- ja PCR-alukkeiden (Primer) suunnittelu

Ty0 aloitettiin suunnittelemalla gRNA:t valikoiduille ihmisen (STK11, STING1 ja
ULK1) ja hiiren (Ezh2, 1111, Met, Hgf, Axl ja Nrgl) geeneille. Geenit valikoituivat
GBU:n kanssa yhteistydssa toimivan Makelab-tutkimusryhman tutkijoiden tutki-
muskohteiden mukaisesti. Ensimmaiseksi pyrittiin I0ytamaan jokaisesta geenisté
sellainen eksoni, johon toteutettu DSB CRISPR/Cas9-menetelmalla saisi aikaan
geenin inaktivaation. Esimerkkinad kaydaan lapi Hgf-geenin suunnitteluprosessi.

Hgf-geenille (Mus musculus) suunniteltin gRNA1 eksoniin 5 (kodonit 140-146),



koska geenin toiminnalle tarkea kohta Kringle 1 (kodonit 129-207) sijaitsee talla
alueella [7]. Kringle-alue (1—-4) toimii kompetitiivisena vastavaikuttajana (spesifi-
nen inhibiittori) Hgf:lle seka inhibiittorina angiogeneesille (verisuonten uudismuo-
dostus) [8, s. 846]. Geenien gRNA:t suunniteltiin Benchling-ohjelmistolla, joka
myo6s ennustaa, milla tarkkuudella gRNA ohjaa leikkauksen oikeaan kohtaan ge-
nomissa (ON/OFF-targeting). Benchling-ohjelmisto muodostaa myo6s off-target-
listan, joka kertoo, mihin ei-toivottuihin kohtiin genomissa luotu gRNA todenna-
koisimmin sitoutuu, ja ndin luo DSB:n vaaraan geeniin. Geenien off-target-listat
on esitetty liitteessa 1. Valitusta eksonista valittin korkeimmat pisteet omaava

gRNA, joka nimettiin gRNA1:ksi. Valmis gRNA1:n kohta on nékyvissa kuvassa 5.

TGATATAATCTTTGACGTAGTAACCATTTCCT
124 126 128 130 132 134
DIVINIRD N ¢ JIID ¢ KD 6

Hgf-2@1 Exon 5
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T T T
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Hg!
|

T T T
16,872,650 | 16,872,760 16,872,750

TETGCTCCEGGTTTGAACGTACTTACGTCCTAACTARCCATATTCGTCTARAATTGTTTATAATARATATAGACCAGATTGTAAAAAT TGGAGT TACAGAGT TGAACATTTACAATAACCTTTACTTAGAAAACGEAAACTCTCCCATGATACTGAAGTATCCCTTCACTATCTGEA

Kuva 5 Vasemmalla ylh&alla (magenta) Hgf-geenin gRNAL. Kuvassa on naky-
vissd myds gRNAL:n kanssa limittyva taka-aluke (reverse primer, overlap)
PCR-ajoa seka sekvensointia varten (vihrea).

Geeneille suunniteltin gRNA2 noin 500 eméasparin paahan gRNAL:sta. Suunni-
telma pohjasi siihen, ettd kun gRNAL ja gRNA2 siirretddn samaan soluun, saa-
daan aikaiseksi 500 emasparin pituinen deleetio. Esimerkiksi Hgf-geenille se luo-
tiin 567 emasparin pd&han viidennessa eksonissa sijaitsevaan gRNAl:een nah-
den. Tama kohta sijaitsi intronissa, ja se valikoitui korkeimpien saatavilla olevien
on/off-kohdeprosenttien perusteella. gRNA2-kohdan valintaan vaikutti aina myos
Benchling-ohjelmistossa nakyvissa oleva geenin sekvenssi. Koko geenin sek-
venssia (intronia) ei kaikkien geenien kohdalla ollut saatavissa, mik& osaltaan
rajoitti gRNA2:sen seka PCR- ja sekvensointialukkeiden (polymeraasiketjureak-

tio) suunnittelua. Kuvassa 6 on esitetty Hgf-geenille suunniteltu gRNA2.



GTGATCTCACAAAGEGTGTTTTTAAACCTTGNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNKNNNNNNNNNNNNNNKNNNNNNNNNNNNNNNNNNNNNNNNNN NN N NNNNNNNNNNN NN KNRN NN NN NNNNNNNNNNNN NN N NNNNNNNNNNN NN NN NN NN NN NN NN
CACTAGAGTGTTTCCCACAAAAATTTGGAACNNNNNNKNNNNHNNNNNNNNNKNNNNHNNNNNNNNNNNNNNNKNRNKNNNNNNN NN NKNRNKNNNRENN NN NN NNN RN RN NN SNNN NN RN RNRE NN NS NNN NN NN NN NN RN NN RN NN RN NN NN NN

Hgf
T T
16,073,000 16,073,850 16,073,100 16,073,150
gRNA2
TTTTAACACAGGTTGACCAG
HNNKNNNNHNNNHNRRNNRNNNAG T CCAGACTC T TT TAACACAGG TTGACCAG TG TCTCAT T TTTAT TCTAACCTGTTGEETAAAGTTTTGAGAAATAC TTTTTTCTTEGACAC TAGAAAAACAGAATACTTGAAGATCGARAAAGACAATATCCATAGGE TTATEATATTTTAAACATCATGEAGAA
HNNKNNNNHNKNNNRRNN NN TCAGGT CTGAGAAAAT TG TETCCAACTGGTEACCAGAG TAAAAATAAGAT TEGACAACEEAT TTCAAAACTCTTTATEAAAAAAGAACCTGTGATCTTTTTETCTTATGAACTTCTAGCTTTTTCTGT TATAGGTATCCGAATACTATAAAATTTGTAGTA
GTGTCCAACTGGTCACCAGAG
REVprimer (500bp)
Hegf
16,073,200 16,073,250 16,073,300

Kuva 6 Kuvassa on ylhaalla Hgf-geenille suunniteltu gRNA2 ja alhaalla taka-

aluke (reverse primer 500bp).

Monelle geenille suunniteltiin useampi gRNAL ja gRNA2. Suunnitelmista valittiin
sellainen gRNAL1- ja gRNA2-pari, joka toteuttaa halutun lopputuloksen todenna-
koisimmin. gRNA-sekvensseihin suunniteltiin Benchling-ohjelman avulla 5’- ja 3’-
sekvenssit, joilla gRNA:t ligatoidaan yhteen BsmBI-entsyymilla pilkotun plasmidin
kanssa. Kaikkien geenien gRNA1/gRNA2-suunnitelmat n&kyvissa taulukossa 1.
Valmiit gRNA:ita vastaavat DNA-oligonukleotidit tilattin (Custom DNA oligos,
Sigma-Aldrich).



Geeni

STK11
(Homo sa-
piens)

ULK1
(Homo sa-
piens)

STING1
(Homo sa-
piens)

Ezh2 (Mus
musculus)

1111 (Mus
musculus)

Hgf (Mus
musculus)

Met (Mus
musculus)

Axl (Mus
musculus)

Nrgl (Mus
musculus)

Taulukko 1 Geeneille suunnitellut gRNA1, gRNA2 seka niiden sijainti, on/off-
kohdetarkkuus ja valitun sijainnin selite.

gRNA1
on/off-kohde-
tarkkuus (%)

65,8/89,6

67,3/86,4

73,8/44,5

61/55,4

64,3/86

71,7/80,4

50,4/82,3

67,8/76,1

71,1/61,6

gRNAZ2 on/off-kohde-
tarkkuus (%)

71,2/91,4

70,3/87,8

69/80,9

57,9/69,3

74,4/83,7

71,4/74,9

59,1/77,5

50,2/81,7

68,7/67,6

gRNA1 ja gRNA2
vélinen ero
(eméspareina)

550

575

512

591

447

567

602

506

423

Sijainti

gRNAL eksoni 5 (ko-
donit 222-228) ja
gRNA2 eksoni 6

gRNAL eksoni 1 (ko-
donit 24-30) ja gRNA2
eksoni 2

gRNAL1 eksoni 5 (kodonit
162-168) ja gRNA2 ek-
soni 4 (kodonit 77-78)

gRNAL eksoni 3 (kodonit
53-59) ja gRNA2 introni

gRNAL1 eksoni 2 (kodonit
16-22) ja gRNA2 eksoni
4 (kodonit 106-112)

gRNAL1 eksoni 5 (kodonit
140-146) ja gRNA2 in-
troni

gRNAL eksoni 18 (ko-
donit 1155-1162) ja
gRNA2 introni

gRNAL1 eksoni 17 (ko-
donit 646-652) ja gRNA2
introni

gRNAL1 eksoni 2 (kodonit
231-238) ja gRNA2 in-
troni

Selite

Proteiinikinaasi
domeeni (kodonit
49-309). [9].

Proteiinikinaasi
domeeni (kodonit
16-278). [10].

sidoskohta (kodonit
162 ja 167). [11].

interaktio EED:n
kanssa (kodonit 39—
68). [12].

ik-kaltainen C2-tyyppi
(kodonit 27-110) ja
fibronektiini tyyppi-lI
(kodonit 112-219).
[13].

Kringlel (kodonit
129-207). [7].

Proteiinikinaasi (ko-
donit 1076-1343).
[14].

Proteiinikinaasi (ko-
donit (530-801). [15].

EGF-tyyppinen do-
meeni (kodonit 233—
277). [16].
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Liséksi gRNAL:n ymparille suunniteltiin alukkeet PCR-monistusta seka sekven-
sointia varten. Esimerkiksi limittyva taka-aluke Hgf-geenille on esitetty kuvassa 5
ja 500 emasparin paahan suunniteltu taka-aluke on esitetty kuvassa 6. PCR-ajon
ja sopivien alukkeiden avulla on mahdollista monistaa mutatoidusta geenista sek-
venssi halutusta kohtaa. Sekvensoinnin avulla taas puolestaan pystytaan selvit-
tamaan, onko geenille haluttu mutaatio onnistunut vertaamalla sita esimerkiksi

villityyppiin (geenin alkuperéainen, ei mutatoitunut muoto).

Alukkeet suunniteltiin aina pareittain, etu- ja taka-aluke (forward ja reverse pri-
mer). Ensimmaiseksi suunniteltiin etualuke noin 500 eméasparia (base pair = bp)
ennen gRNAL:stad ja taka-aluke 500 eméasparia gRNAL:n jalkeen. Seuraavaksi
suunniteltiin vastaavasta etu- ja taka-aluke 150 emé&sparin pddhan gRNAL:sta.
Viimeiseksi suunniteltiin viela kolmas taka-aluke (overlap, OL), joka sijaitsee li-
mittain viiden gRNAL:n kohde-eméksen kanssa. OL-alukkeen avulla on mahdol-
lista saada reaaliaikaista informaatiota genomieditoinnin onnistumisesta. Aluke
ei kiinnity, jos mutaatio gRNA1:n kohdalla on tapahtunut (ks. kuva 5 ja kuva 7).

Alukkeet suunniteltiin Benchling-ohjelmistolla noudattaen seuraavaa ohjeistusta

o sulamislampdétila 55-65 °C

. GC-osuus 45-55 %

. G/C-emas alukkeen alku- ja loppupdéhéan

. etu- ja taka-alukkeen sulamislampdtilaero 1 °C

. taka-aluke (OL=overlap) limittyy viisi emastd gRNA1:n kanssa
o alukkeen pituus 18-24 emasta. [17, s. 147-148.]

Ohjeistuksen toteutumista rajoitti sekvenssista loytyvat korkeat GC/AT-pitoisuu-
det ja sekvenssin puuttuminen kokonaan geenin intronista Benchling-ohjelmis-
tosta (kuva 6). Talloin pyrittiin siihen, etta parina kaytettavan etu- ja taka-alukkeen
(FWDprimer ja REVprimer) sulamislampdtilat (Tm) ovat mahdollisimman lahella
toisiaan. Edella mainituista syista johtuen etenkin alukkeen sijaintia halutusta
(500/150 bp) jouduttiin usein muokkaamaan. Kaikkien alukkeiden kohdalla ei ollut
mydskaan mahdollista toteuttaa edella mainittua ohjeistusta. Hgf- ja Met-geenien
alukkeet ovat nakyvissa taulukossa 2. Kaikkien geenien alukkeet ovat nakyvissa

liitteessa 2.
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Taulukko 2 Hgf- ja Met-geeneille suunnitellut etu- ja taka-alukkeiden sulamis-

lampdotila (Tm), GC-prosentti, pituus, etaisyys gRNA1L:sta ja sekvenssi

Aluke

Hgf, FWDprimer
(150 bp)

Hgf, REVprimer
(150 bp)

Hgf, FWDprimer
(500 bp)

Hgf, REVprimer
(500 bp)

Hgf, REVprimer
(oL)

Met, FWDprimer
(150 bp)

Met, REVprimer
(150 bp)

Met, FWDprimer
(500 bp)

Met, REVprimer
(500 bp)

Met, REVprimer
(OL)

Tm (°C)

55,1

56,4

55,94

56,83

55,44

56,06

56,85

55,72

56,93

54,64

GC-%

45,83

57,89

47,83

57,14

47,62

55

52,38

54,55

52,38

43,48

Pituus

24

19

23

23

21

20

21

22

21

23

Etdisyys gRNA1:std

178

171

330

573

217

169

443

557

overlap 4 emasta

Sekvenssi

CTAGGAGAAGCTTTAAGCCAGAAC

CATGCAAGTTTGGGCCTCG

CAATCAAGTCACCATGGCTTACC

GAGACCACTGGTCAACCTGTG

CTGGCATTTGATGCCACTCTT

GGTGTCACCTGCTGGTTTTG

CAAGAGGGCAAGCAAACCAAC

CTTCTCCCACCCCCACATATAC

GCTTTTTATGAGAGCCGCACG

CGAATGAAATTTCGCAGATCTCC
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Taulukosta 2 nahdaan, ettd esimerkiksi Hgf-etualuke, joka oli tarkoitus suunni-
tella 500 emasparin paahan gRNA1:sta jouduttiin suunnittelemaan 330 emaspa-
rin paahan. Tama johtui siitd, etta sopivaa kohtaa ei |0ytynyt geenin sekvenssista
muualta. Hgf taka-alukkeet (Hgf REVprimer 150 ja 500 bp) ylittivat ihanteellisen
GC-osuuden (%). Yhdessa kaytettavien etu- ja taka-alukkeiden (FWD- ja REVpri-
mer) sulamislampdétilojen suhteen onnistuttiin paasemaan yhden lampoasteen si-
salle. Met-geenille suunnitellun taka-alukkeen (Met, REVprimer OL), joka limittyi
gRNAL:n kanssa, ei pystytty kayttamaan ohjeistuksen mukaista viiden eméaksen

limittymista (kuva 7).

Met-@@1 Exon 18
Met

T
47,508,?00 17,508,750

GCCTGAGGAGTGAAGGGTCTCCTCTGGTGGTCCTGCCCTATATGAAGCATGGAGATCTGCGAAATTTCATTCGAAACGAGACTCATGTAAGTACTTTACTAAGCTCATTGACCTT
(CGGACTCCTCACTTCCCAGAGGAGACCACCAGGACGGGATATACTTCGTACCTCTAGACGCTTTAAAGTAAGCTTTGCTCTGAGTACATTCATGAAATGATTCGAGTAACTGGAA

CCTCTAGACGCTTTAAAGTAAGC
CGGGATATACTTCGTACCTC

144 1146 1148 1156 1152 1154 1156 1158 116@ 1162 1164 1166 1168 1170 1172
cLRSEGSPLVVLPYMKU HSGDTLRNIFETIRNETH

Met-0@1 Exon 18

Met

17,508,850 17,508,900

‘AACTTAACNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNAGT TGGTTTG
i TTGAATTGNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN T CAACCAAAC

Kuva 7 Met-geenille suunniteltu gRNAL vaaleanruskealla ja limittyva taka-aluke
(OL=overlap) sinisella.

Kuvasta 7 nédhdaan, etta jos limittyva taka-aluke olisi suunniteltu ohjeistuksen
mukaisesti, niin se olisi paattynyt adeniiniin (3’-p&&). Tama ei takaisi alukkeelle
yhtd kestavaa rakennetta, silla adeniinin ja tymiinin valilla on kaksi vetysidosta,
kun taas guaniinin ja sytosiinin valilla sidoksia on kolme. Suunnitelmien pohjalta

GBU:lle luotiin uusi protokolla gRNA-suunnittelua varten (liite 3).
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4 Lentivirusvektoreiden valmistus ja tuotto

4.1 Plasmidit

Plasmidivektoreina tydsséa kaytettiin lentiCRISPRv2 Puro - ja lentiGuide Puro -
lentivirusvektoreita. Vektoreita kaytettiin konstruktien valmistuksessa. Molem-
missa vektoreissa on selektiivisend markkerina puromysiini, ja molemmat tuotta-
vat transformoidulle solulle ampisilliiniresistenssin. Suurin ero plasmidien valilla
on se, etta toisessa on Cas9-proteiini valmiina (lentiCRISPRv2 Puro) ja toisessa
ei (lentiGuide Puro). Vektorit ovat nahtavissa kuvassa 8.

Kuva 8 Lentivirusvektorit. A: lentiCRISPRv2 Puro ja B: lentiGuide Puro. [18, 19.]

Kuvassa 8 nékyvaa lentiGuide Puro -lentivirusvektoria kaytettaessa on Cas9-pro-
teiini vietava infektoitavaan soluun esimerkiksi toisella vektorilla. [18, 19.] Kaikki
gRNA:ta vastaavat oligot kloonattiin lentiCRISPRv2 Puro -lentivirusvektoriin.
STK11-geenin gRNA:ta vastaavat oligot kloonattiin myds lentiGuide Puro -lenti-

virusvektoriin.
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4.2 Lentivirusvektoreiden valmistus, tuotto StbI3-soluissa, eristys ja ana-
lysointi

Konstruktien valmistamiseen kaytettiin GBU:n ty0dohjetta, joka oli muokattu Tar-
get guide sequence -protokollasta [18]. Lentivirusvektori defosforyloitiin ja diges-
toitiin BsmB1-restriktioentsyymilla (Esp31). Digestio- ja defosforylaatioreaktioon

pipetoidut reagenssit nahtavissa taulukossa 3.

Taulukko 3 Digestio- ja defosforylaatioreaktioon pipetoidut komponentit

Komponentti Reaktiotilavuus
lentiCRISPRv2 (c=1530 ng/ul) 5 ug (3,3 pl)

Fast Digest BsmBI (Fermentas, Esp31) 3ul

Fast AP (Fermentas) 3l

10 X FastDigest Buffer 6 ul

100 mM DTT (Ditiotreitoli, tuore) 0,6 ul

ddH,0 44,1 pl
Kokonaistilavuus 60 pl

Digestio- ja defosforylaatioreaktio toteutettiin PCR-laitteella. Ajo-ohjelma kesti 30
minuuttia ja lampdotila oli koko ohjelman ajan vakio 37 °C. Digestoitu plasmidi
geelipuhdistettiin (ajo-ohjelma: 0,7 % AGE, 100 v ja 1 h) kayttden DNA extraction
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from agarose gels -protokollaa [20, s. 19]. Naytteen nukleotidikonsentraatio mi-

tattiin NanoDrop-spektrofotometrilla. Konsentraatioksi saatiin 48,2 ng/ul.

Geeneille suunnitellut gRNAL ja gRNA2 (etu- ja taka-aluke) fosforyloitiin ja liitet-

tiin yhteen. Reaktioon pipetoidut komponentit esitetty taulukossa 4.

Taulukko 4 Alukkeiden ligaatio- ja fosforylaatioreaktioon pipetoidut komponentit

Komponentti

Oligo (etualuke, 100 pM)

Oligo (taka-aluke, 100 uM)

10 X T4 Ligation Buffer (NEB =
New England Biolabs)

ddH20

T4 PNK (polynukleotidikinaasi,

NEB M0201S)

Kokonaistilavuus

Reaktiotilavuus

1 pl (20 pM)

1 pl (10 pM)

1yl

6,5 ul

5U (0,5 pl)

10
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Alukkeiden ligaatio- ja fosforylaatioreaktio tehtiin PCR-laitteella (ajo-ohjelma: 30
min 37 °C:ssa, 5 min 95 °C:ssa ja lampotilan laskeminen 25 °C:seen nopeudella
5 °C/min). Alukeseos laimennettiin suhteessa 1:200. Ligaatioreaktio kaynnistet-
tiin, jossa gRNA:t liitettiin lentiCRISPRv2-lentivirusvektoriin. Reaktioon pipetoidut

komponentit esitetty taulukossa 5.

Taulukko 5 Ligaatioreaktioon pipetoidut komponentit

Komponentti Reaktiotilavuus

BsmBlI-restriktioentsyymilla pilkottu lentivi- = 50 ng (1 pl)
rusvektori (c=48,2 ng/ul)

1:200 suhteessa laimennettu alukeseos 1l
2 X Quick Ligase Buffer (NEB) 5ul
ddH20 3ul
valitilavuus 10 ul
Quick Ligase (NEB M2200S) 1l

Kokonaistilavuus 11l
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Reagenssien pipetoimisen jalkeen ligaatioreaktiota inkuboitiin huoneenlam-
mosséa 10 minuutin ajan. Valmiit lentivirusvektorit transformoitiin kompetentteihin
kaupallisiin Escherichia coli -soluihin (Stbl3, Thermo Fisher). Ligaatiotuotetta li-
sattiin 2 pl 20 pl:n Stbl3-kompetenttisoluihin (E.coli). Positiiviseen kontrolliin kay-
tettiin pUC19-plasmidia (1 pg, NEB N3041S) ja pelkkaa Stbl3-solua negatiivisena
kontrollina. Naytteita inkuboitiin jailla 30 minuuttia. Taman jalkeen tuotettiin vesi-
hauteessa lamposokki (42 °C ja 40 sekuntia), jonka jalkeen naytteet siirrettiin va-
littomasti jaahauteeseen. Viimeiseksi lisattiin S.0.C mediaa (2 % tryptoni, 0,5 %
hiivauute, 10 mM NacCl, 2,5 mM KCI, 10 mM MgClz, 10 mM MgSOa4 ja 20 mM
glukoosi). Transformaatiovaiheeseen kaytettiin seka kaupallisia etta ei-kaupalli-
sia E. coli -soluja. Transformoidut solut maljattin LB-+ampisilliini (Luria-Ber-

tani,100 pug/ml) maljoille ja niita inkuboitiin 16 tuntia 37 °C:ssa.

Maljalta inokuloitiin kaksi pesaketta LB+ampisilliini (100 pg/ml) -liemeen (5 ml)
steriililla siirrostustikulla omiin kasvatusputkiin. Kasvatuksia ravisteltiin 37 °C:ssa
280 rpm:n pydrimisnopeudella 16 tuntia. Inkuboinnin jalkeen valmistettiin glysero-
listokit pipetoimalla 400 pl glyserolia ja 600 pl naytetta kryoputkeen. Naytteet ase-
tettiin sailytykseen -80 °C:seen. Plasmidit eristettiin kayttden muokattua (sentri-
fuugauksen rpm:t ja ajanjaksot seké eluentti) Isolation of transfection-grade plas-
mid DNA in low throughput (REF 740490) -protokollaa [21, s.17]. Protokollassa
bakteerisolut pelletoitiin sentrifugoimalla mikrosentrifuugilla (1 min ja 17000 x g),
jonka jalkeen pelletti lyysattiin. Lyysauksen jalkeen lysaatti kirkastettiin sentri-
fugoimailla (10 min ja 17000 x g) ja supernatantti ladattiin plasmidin sitovaan ko-
lumniin. Kolumnista eristettiin lopulta plasmidi MilliQ®-vedella. Taman jalkeen mi-
niprep-naytteista mitattiin konsentraatio NanoDropilla. lentiCRISPRv2 gRNAL1- ja
gRNAZ2-plasmideista tehtyjen minipreppien konsentraatiot Hgf- seka Met-gee-
neille ovat nékyvissa taulukossa 6. Kaikkien naytteiden konsentraatiot ovat naky-

vissa liitteessa 4.
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Taulukko 6 NanoDropilla mitatut plasmidikonsentraatiot lentiCRISPRv2 gRNA1
(2 eristysta) ja gRNA2 (2 eristysta) Hgf- ja Met-geeneille.

Nayte C (ng/ul)

lentiCRISPRv2 gRNAL, Hgf (1) = 625,9

lentiCRISPRv2 gRNA1, Hgf (2) @ 587,4

lentiCRISPRv2 gRNA2, Hgf (1) 621,8

lentiCRISPRv2 gRNAZ2, Hgf (2) @ 620,3

lentiCRISPRv2 gRNA1, Met (1) 581,8

lentiCRISPRV2 gRNA1, Met (2) = 324,2

lentiCRISPRv2 gRNA2, Met (1) = 642,2

lentiCRISPRV2 gRNA2, Met (2)  642,1

Taulukosta 6 nadhdéaan, ettd jokaisesta naytteestd inokuloitiin kaksi peséketta
(naytteet 1 ja 2). Konsentraatiomittauksen jalkeen néaytteet valmisteltiin sekven-

sointiin. Naytteet sekvensoitiin FIMM:n sekvensointiyksikdon toimesta.



19

Sekvensoinnilla varmistettin gRNA:n ligoituminen vektoriin suunnitellusti. Sek-
vensointitulokset tarkistettiin kayttden Clustal Omega -sivuston Multiple Se-
guence Alignment -tyOkalua. Tydkaluun syétettiin sekvensointialukkeen (LKO pri-
mer) sekvenssi, lentiCRISPRv2-plasmidin sekvenssi, naytteen sekvenssi (esi-
merkiksi lentiCRISPRv2 gRNAL, Hgf) sekd gRNA:n (assembly) sekvenssi. Ta-
man jalkeen tarkistettiin, linjautuvatko sekvenssit keskenaan suunnitelmien mu-
kaisesti. Kuvassa 9 ndkyvissa lentiCRISPRv2 gRNA1, Hgf (1) naytteen sekven-

sointitulokset, jotka linjautuivat odotetulla tavalla.

lentiCRISPRV2
LEO

TTTAARATTATGTTTTAAAATGGACTATCATATGCTTACCGTAACTTGAAAGTATTTCGA

lentiCRISPRV2+gRNA - - - mmm e 0
gRNAL - - - S 0
lentiCRISPRV2 AACTGCGCTARRARTARTTTTTAAATCTTTTTTAGCTTCTTGCTCTTTTTTGTACGTCTC 4740
LEO —mmmm 20
lentiCRISPRvZ+gRNA ATCCATCACTAAGA 67
gRNAL ATCCATCACTAAGA 24
lentiCRISPRVZ TGTTTTAGAGCTAGARATAGCAAGT TARAATAAGGCTAGTCCGTTATCAACTTGRARAAG 4800
LEO 20
lentiCRISPRV2+gRNA 127
gRNAL 25
lentiCRISPRV2 4860
LRO 20
lentiCRISPRVZ+gRNA 187
gRNAL 25

lentiCRISPRV2

LEO
lentiCRISPRv2+gENA
gRNAL

Kuva 9 LentiCRISPRv2 gRNA1, Hgf (1) naytteen sekvensointitulokset Clustal
Omega -sivuston Multiple sequence alignment -tyokalussa

Kuvasta 9 nahdaan, etta ensin lentiCRISPRv2 Puro -plasmidin kanssa linjautuu
LKO-sekvensointialuke. Tamén jalkeen linjautuu myods lentiCRISPRv2 gRNAL,
Hgf (1) sekvenssi ja lopuksi ndhd&én, etta myds gRNAL linjautuu taydellisesti
edelld mainitun sekvenssin kanssa. Kaikki sekvensointitulokset kaytiin vastaa-
valla tavalla |&pi. Saatujen sekvensointitulosten perusteella odotetulla tavalla lin-
jautuneet miniprep- ja glyserol stock -naytteet sailytettiin ja linjautumattomat
(Ezh2, gRNAZ2) havitettiin. Sekvensointitulokset linjautumisen suhteen nékyvissa

litteessa 4 ja naytteiden kaikki sekvenssit liitteessa 5. Lentivirusvektoreiden
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valmistuksesta tehtiin kuluihin ja ty6tunteihin pohjaavat laskelmat, jotka tulevat

maarittelemaan GBU:n uuden palvelun hinnan (liite 6).

5 PCR-alukkeiden testaus

PCR-alukkeiden testaamisella selvitettiin alukkeiden toimivuutta. Tarkoituksena
oli saada etu- ja taka-alukkeella monistettua aina tietyn kokoinen sekvenssi siita
kohdasta kohteen genomista, johon genomieditointi CRISPR-Cas9-menetelmaa
tullaan kayttamaan. Esimerkiksi 500 emasparin (bp) padhén gRNAL:sta suunni-
teltujen etu- ja taka-alukkeiden (FWD ja REV primer) avulla pyrittiin monistamaan
1000 emasparin pituinen sekvenssi. Etu- ja taka-aluke, jotka oli suunniteltu 150
bp:n paahan gRNAL:sté, pyrittin monistamaan 300 eméasparin pituinen sekvens-
sin gRNAL:n ympariltd. Kyseiset sekvenssit sekvensoimalla on mahdollista
paasta selville siita, onko genomieditointi onnistunut vai ei. Testauksen yhtena
pyrkimyksena oli tuoda esille, kumpi edella mainituista alukepareista toimii pa-

remmin.

Viimeiseksi oli tarkoitus saada viela eristettyd 150 eméasparin paahan suunnitel-
lun etualukkeen ja gRNA1:n kanssa limittyvan taka-alukkeen (REVoverlap)
kanssa eristettya 150 emasparin pituinen sekvenssi. Tama monistus ei luonnolli-
sesti onnistu, jos genomieditointi gRNAL:n kohdalla on onnistunut. Kyseisen alu-
keparin toimiessa tasta saisi suoraa kvantitatiivista dataa kvantitatiivista PCR:aa
(gPCR) hyddyttamalla genomieditoinnin  onnistumisesta/epaonnistumisesta.
Templaatti-DNA:na kaytettiin valmiiksi eristetty& hiiren genomista DNA:ta.

PCR-alukkeita testattiin kayttden DyNAzyme Il Polymerase -protokollaa [22, s.1].

PCR-reaktioon pipetoidut komponentit nakyvat taulukossa 7. Protokollan
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toimivuuden testaamiseksi kaytettiin valmiiksi tehtyja alukenaytteitd Tphl- ja

Adra2-geeneille (Mus musculus).

Taulukko 7 PCR-reaktioon pipetoidut komponentit

Komponentti Reaktiotila- | Loppukonsentraatio
vuus (ul)

ddH20 32

10X Optimize DyNAzyme buffer 5 1X (1,5 mM MgCly)

10 mM dNTP (deoksinukleotidi) 1 200 pM

Mix

Etualuke (FWD primer) 5 5 uM

Taka-aluke (REV primer) 5 5 uM

Templaatti-DNA 1,5 99

DyNAzyme Il DNA Polymerase 0,5 0,5 U/50 pl

PCR-ajon suorittamiseen kaytettin GBU:n ty6ohjeen mukaista PCR-ajo-ohjel-
maa: aluksi 2 min 94 °C:ssa, jonka jalkeen 30 syklia: 30 s 94 °C:ssa, 30 s 50-51
°C:ssaja40s 72 °C:ssa. Syklien jalkeen 10 min 72 °C:ssa ja jadhdytys 4 °C:seen.
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Annealing-lampétilat (51 °C Tphl-alukkeille ja 50 °C Adra2a-alukkeille) valittiin

laskemalla lampdotilaa 5 °C alimmasta sulamislampétilasta alukeparia kohden.

Ensimmaisen ajon tulokset ovat nahtavissa kuvassa 10.

Kuva 10 Tph1l- ja Adra2a-geenien PCR-alukkeiden (150, 500 ja OL-etu- ja taka-
aluke) testaus.

Kuvasta 10 ndhdaan, etta seka Tphl- etta Adra2a-geenin kohdalla on onnistuttu
monistamaan 1000 emadsparin pituinen sekvenssi 500 emadsparin paahan
gRNA:sta suunniteltujen etu- ja taka-alukkeen avulla. Tphl-geenin kohdalla
my6s 150 eméasparin pituinen sekvenssi nayttaa olevan geelilld oikeassa koh-
dassa ja puolestaan Adra2a:n kohdalta I6ytyy oikeasta kohdasta 300 emésparin

pituisen sekvenssi. Geelikuvan ndhdaan kuitenkin myds siséltavan paljon PCR-



23

sivutuotteita, eli alukedimeereja (primer dimer). Alukedimeereista pyrittiin paése-
maan eroon muuttamalla seuraavaan PCR-ajon annealing-lampatiloja. Lampétila
toisessa PCR-ajossa oli kolme astetta alhaisempi kuin alin sulamislampétila (Tm)
per alukepari. Nain ollen Tphl-naytteille sekd Adra2a 1000 -naytteelle saatiin an-
nealing-lampatilaksi 53 °C ja Adra2a 300- sekd 150-naytteelle 52 °C.

Tph1 Adra2a Adra2a
150 300 150

Kuva 11 Tphl- ja Adra2a-geenien PCR-alukkeiden toinen geeliajo. Annealing-
lampdotila 53 °C kaikille Thphl-naytteille seka Adra2a 1000-naytteelle ja 52 °C
Adra2a 300 sekéa 150-naytteelle.

Toinen PCR-ajo nayttaa onnistuneen Tphl-naytteiden kohdalla paremmin kuin
ensimmainen (kuva 11). Bandit nayttavat olevan oikeissa kohdissa kaikkien nayt-
teiden kohdalla. Adra2a-néytteisté vain 1000-bandi nayttaa olevan vaarassa koh-
dassa ja etenkin noin 300-bandi on hyvin vahva. Alukkeita ei ole suunniteltu tas-
malleen esimerkiksi 500 tai 150 emasparin padhan gRNA:sta (ks. kpl 3), joten ne

eivat myoskaan ole taysin oikeassa kohtaa edella olevissa geelikuvissa. Bandeja
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ei kuitenkaan tassa vaiheessa viela eristetty ja sekvensoitu, joten taytta var-

muutta alukkeiden tai protokollan toimivuudesta ei viela saatu.

Yksi PCR-ajo tehtiin viela projektiin suunnitelluilla alukenaytteilla. Annealing-lam-
potilaa 52 °C kaytettiin Hgf(OL)-, Hgf(300)-, Met(300)- ja Met(1000)-alukepareille.
Hgf(1000)- ja Met(150)-alukepareille kaytettiin 53 °C annealing-lampdtilaa. Kay-
tetty lampdtila oli kolme astetta alhaisempi kuin alin sulamislampétila per aluke-

pari. Kuvassa 12 on esitetty Hgf- ja Met-geenien alukenaytteiden PCR-ajon gee-

likuva.

Kuva 12 Geeliajokuva Hgf- ja Met-geenien PCR-alukkeiden (150, 500, OL-etu-
ja taka-aluke) testauksesta.
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Kuvasta 12 nahdaan, etta Hgf-geenien PCR-alukkeet nayttavat toimivan odote-
tulla tavalla. 150 etualukkeella ja OL-taka-alukkeella on saatu monistettua noin
200 emasparin pituinen bandi (etualuke suunniteltu 178 emasparin paahan
gRNA1:st4, liite 2). 150 etu- ja taka-alukkeella on puolestaan onnistuttu monista-
maan noin 400 emasparin pituinen bandi (etualuke 178 ja taka-aluke 171 eméas-
paria gRNA1:st4, liite 2). Vahvin noin 1000 emasparin pituinen sekvenssi saatiin
monistettua 500:n etu- ja taka-alukkeella. Bandit eivat ole taysin oikeassa koh-
dassa, mika todennakdisesti johtuu siitd, ettd alukkeita ei ole suunniteltu tasmal-
leen esimerkiksi 150 tai 500 eméasparin etaisyydelle gRNA1:sta (liite 2).

Met-geenille suunnitellut alukkeet eivat toimineet ensimmaisessa ajossa odotus-
ten mukaisesti. Ainoastaan OL-taka-alukkeen seké& 150 etualukkeen avulla eris-
tetty bandi on oikeassa kohdassa geelikuvassa. Hgf- ja Met-alukkeet sisalsivat
molemmat epépuhtauksia, eli alukedimeereja (primer dimer). Alukedimeerien va-
hentdmiseen auttaa mahdollisesti annealing-lampdtilan saataminen. Mitaan
edelld mainituista naytteista ei eristetty geeliltd ja sekvensoitu ajanpuutteen

vuoksi, joten tayttd varmuutta ei alukkeiden toimivuudesta saatu.
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6 Yhteenveto

Opinnaytetyon tarkoituksena oli edistdd uuden CRISPR/Cas9-menetelméaan
pohjaavan palvelun viemista GBU:n palveluportfolioon. Palvelun validointipro-
sessia ei paasty kaytettavissa olevassa ajassa tekemaan loppuun asti. Kaikille
tutkimusryhman intressissa oleville geeneille (STK11, STING1, ULK1, Ezh2, Met,
Hgf, 1111, Axl ja Nrgl) saatiin kuitenkin suunniteltua gRNA:t seka tuotettua lenti-
virusvektorit (lentiCRISPRv2 Puro vektoriin). Ainoastaan Ezh2 gRNA2-konstrukti
ei onnistunut (sekvensoinnin analysointitulokset, liite 8). Kaikille geeneille suun-
niteltiin myos etu- ja taka-alukkeet sekvensointia varten ja niita vastaavat oligot

tilattiin.

Taman opinnaytetyon pohjalta luotiin GBU:lle uusi protokolla gRNA ja sekven-
sointialukkeiden suunnittelulle. Lentivirusvektoreiden tuotolle laskettiin myds kus-
tannusarvio, joka tulee maarittamaan tarjottavan palvelun hinnan. Protokollan

luomisessa ja hinta-arvion laskennassa kaytettiin GBU:n sisaista ohjeistusta.

Projektin seuraavassa vaiheessa tuotetaan lentivirusvektorin siséaltavia lentiviruk-
sia ja niilla infektoidaan soluja (Homo sapiens ja Mus musculus). Taman jalkeen
suunnitelluilla etu- ja taka-alukkeella monistetaan infektoidun solun genomista
mutatoinnin kohteena oleva kohta geenisté. Eristetysta kohdasta pystytaan esi-
merkiksi sekvensoinnin avulla selvittdmaan, onko haluttu mutaatio ja geenin
inaktivaatio saatu aikaiseksi esimerkiksi villityyppiin vertaamalla. Tata kautta on
myds mahdollista selvittdd, milla todennékdisyydella infektoidussa solussa ta-
pahtuu haluttu mutaatio. Validointiprosessin loppuun saattamisen jalkeen

GBU:lla on tarjottavana yksi palvelu lisaa eri tutkimusryhmien kayttoon.
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Geenien gRNAL1 ja gRNAZ2 Off-target-listat

STK11

gRNA1_Exon5

Sequence
AGGCCGTTGGCAATCTCGGG
GCCTCGTTGGCAATCTCGGG
GTTCCCTTGGCAATCTCGGG
AGGGTGTTGACCATCTCGGG
CGCCCGCTGGCCATCTCGGG
AGGAGGCTGGCAATCTAGGG
AGGCGTTAGGCAATCTTGGG
AGGTGGTTGGTAATCTGGGG
AGGGCGTGGGGAATCTGGGG
AGGCTGTTGAGAATCTAGGG
TGCCCGTTGGCAATCTCGCC
AGGCTGTGGGCCATCTGGGG
AGGCAGTTGTCCATCTGGGG
AGGCCTATGGCAATCTCTGG
CTGCCCTTGGCAATCTCAGG
ATTCCGTTAGCAATCTCAGG
AGGACCTTGGGAATCTAGGG
GGGCTGGTGGCAATCCCGGG
GGGCTGGTGGCAATCCCGGG
AGTCCATAGGCAATCTCAGG
AGGAGGTTGGGAATCTCAGG
AGGCCCTTCCCACTCTCGGG
GGGCCCTTGGCAGTCTTGGG
GGGCCTTTGGCAATCTGGTG
AGGCCGGAGGCATTCTAGGG
TGGCCTTTGGAAATGTCGGG
AGGGCGTTGTCGATCTCTGG
AGGTCGTTGGCAATGLCGGG
AGGTCGTTGGCAATGLCGGG
AGGTCGTTGGCAATGLCGGG

AGGTCGTTGGCAATGCCGGG
AGGGCCTTGGGAATGTCGGG
AGGGCCTTGGGAATGTCGGG
AGGCTGGTAGCAATCTCTGG
AGGTCGTTGGCAGTCTGGGA
AGGATGTTGGCAATGTCTGG
AGGCTCTTGGCAATCTCTGC
AGGCGGTTGTCAGTCCCGGG
AGGCAGTTAGCAATCTCAGT
AGGCCGTAGGCAGTCTCGCA
AGGCAGTGGGCAATGGCGGG
AGGCCTTCGGCAAGCTCGGC
AGGCCTTCGGCAAGCTCGGC
AGGCCTTCGGCAAGCTCGGC
AGGCCTTTGGCTATCTGGAG
AGGCCCTTGGGAATGTTGGG
AGGACGTTGGGAATTTCCGG
AGGCTGTGGGCAAGCTCTGG
AGGCCTTTGGCCATCTCTGA
AGGTCGTTGGTAATGLCGGE

gRNA2_Exon6

Sequence
TTCGAAGGGGTACAGACCCG
ACCCAAGGGGAACAGACCCG
TTAGAAGGGGAACAGATCCG
TCTGAAGGGATACAGAGCCG
TATGAAAGAGTACAGACCCG
TTTGAAGGGGTAAAGACCGG
CACGAAGGGGTGCAGACCCT
TTCTGAGGGGGACAGACCCA
TTGGAAGAGGGACAGACCCT
ATCCAAGGAGTACAGACCAG

PAM

AGG
CAG
CAG
CAG

CAG
AAG

GAG
CAG

PAM

AGG
GGG
TGG
CAG
CGG

Score

Gene

100 ENSGO0000118046

1.3255188679245282
0.839975543478261
0.7111377753303965
0.5594163291469195
0.4614665948275863
0.39703125
0.3903677884615384
0.3787150186567164
0.33226589084715635
0.33194306249999994
0.32917500000000005
0.297367875
0.27139553086419743
0.2413949999999999
0.23765984152542366
0.23377482154187812
0.21911426701570688
0.21911426701570688
0.21807700130890045
0.20504166666666657
0.19476235199805497
0.18350330624999997
0.1686358215725806
0.16861989375000003
0.16784355039267013
0.16060884213197965
0.15446631393298063
0.15446631393298063
0.15446631393298063

0.15446631393298063
0.153388124999993996
0.15338812499999996
0.1435412818965517

0.12228805783839783
0.10338729281767953
0.10301637499999998
0.1025355137323944

0.10051131228813559
0.09009825699626865
0.0801058536585366

0.07085504315476192
0.07085504315476192
0.07085504315476192
0.06528003935596445
0.05849467051244075

ENSG00000181392
ENSG00000244968

ENSGO0000174938

ENSG00000274279

ENSGO0000258916

ENSG00000160360

ENSG00000127948
ENSG00000227232
ENSG00000234769
ENSGO0000146556

ENSG00000181404

0.053812282383419674 ENSGO0000171488

0.05335346153846154

0.045857003499999986

0.04445874878048782

Score

ENSGD0000185596

Gene

100 ENSGO0000118046

0.8946543773755654
0.7712885260115606
0.6881348815607735
0.6237719475000001
0.48487649044585984
0.48403758278145703
0.46581197033898303
0.4592906027542373
0.41057279191616763

ENSGD0000167139

ENSG00000135919

Chromos.
chri9
chril
chr7
chr19
chrs
chrl
chr2
chr4
chrl?
chris
chrlg
chrg
chr7
chr2
chri2
chrs
chr17
chris
chris
chr2
chr2
chr2
chrg
chrl
chr2
chrie
chr7
chrl
chrie
chr2

chrg
chri7
chrl?
chre
chrlé
chrs
chr22
chril
chrlé
chr3
chr3
chr22
chr22
chr22
chrlo
chré
chrl
chrle
chrl
chrls

Chromosom  Strand

chrig
chrg
chr20
chr2
chra
chr12
chrls
chrl7
chr7
chr2

Strand
-1
1
-1

-1
-1

Position
1220650
6683449

148245536

36008272
38557207
158417152
152637434
124515198
40219718
40255201
29873707
129866097
3844537
126405803
75564565
155573809
74685676
22404462
20595925
150495536
133945876
25281117
136359271
27841375
65562942
31874849
75980360
16975
16658
113596462

17086
30554915
27420676
21614029
88408599

146128589
44574180
10808162
67356508
137693355
42709869
21488122
20734293
18548568
68017355
150592164
89762803
86156413
161070833
101973986

Position
1221230
47764876
61742174
170535861
108764178
97936129
73881645
346046439
6521767
223975228

Mismatches

0

L T N N N N S N N S S S N Y N N N S

BB R R R R R R R R R ER R R R AR R B W

Mismatches
o

BB R R W R R WA

On-target

true

false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false

false

false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false

On-target
true
false
false
false
false
false
false
false
false

false

Liite 1
1(18)



Liite 1
2 (18)

TTCCAAGAGGGACAGACCAG GGG 0.32953124999999994 chris 1 77646584 4 false
ATGGAAGGGGTAAAGAGCCG TAG 0.3096825809911243 chrl2 1 23233561 4 false
TTCCAGGGAGCACAGACCCG GGG 0.3083870233386075 chrl 1 19824247 4 false
TTCCAAGGGACACAGACCGG TGG 0.29720816143134704 chr2 -1 239529852 4 false
TTCAAAGGGCTAAAGACCCT TGG 0.2893413033811476 chr2 -1 193132 4 false
TTTGAGGGGGTACAGAGCCA TAG 0.2119132299864131 chra 1 125548547 4 false
TTCTATGGGGTAGAGACCCC AGG 0.19875552910714284 chrl -1 18752098 4 false
TGCTAAGGGGTACACACCAG CAG 0.18679891304347826 ENSGO0000136383 chrls -1 84869945 4 false
TCCTAAGGGGCACAGTCCCG GAG 0.18185895721925135 chri 1 8351368 4 false
TGGGAAGGGGCACAGCCCCG AGG 0.18125145000000004 chr3 -1 14791870 4 false
TTTGAAGGGGAAAAGACCCC AGG 0.17575948043610334 chr2 1 225498397 4 false
TTTGAAAGGGTACAGAACTG AAG 0.1721619092696006 chrs -1 86488891 4 false
CTGGAAGGGGTAGAGACACG TGG 0.16345989662576682 chr7 -1 44573107 4 false
TTAGAAGTGGTGCAGCCCCG AAG 0.14937305427135683 chrs 1 11902438 4 false
TTCAAAGGTGTAAAGACCAG TAG 0.14189750892379678 chrii -1 77336798 4 false
TTAGAAAGGGCACAGGCCCG GGG 0.11508556263693469 chrio -1 97722372 4 false
TTCGCAGGGATCCGGACCCG GAG 0.10595952852422909 ENSGO0000150672 chrll 1 83633256 4 false
TTCAAAGGGGTAGAGACCAC GGG 0.10231496280932203 ENSGO0000147485 chrd -1 51408183 4 false
TTCGTAGGAGTAAAGACGCG GGG 0.08236788957286431 chr21 1 29991855 4 false
TTGGAAGGGGTTCAGACTCT GGG 0.08260244579999998 chr3 1 18658208 4 false
TTCAAAGGGGTAGAGACTCT GAG 0.06295133337988827 chrl 1 76905218 4 false
TTCAAAGGGGTCCAGCTCCG GAG 0.05832517839195982 chrl -1 26539861 4 false
TTCAAAGGGGGACAGGCCTG GGG 0.057904875 chriz -1 98639316 4 false
TTCGAAGAGGTAGAGGCCCT CGG 0.04777052282608697 ENSG00000105472 chrl9 -1 50725241 4 false
TTTGAAGGGGTACTGAGCCC AAG 0.047472442210805106 chr7 -1 40080651 4 false
TTCTAAGGGGTATGGACCAG AGG 0.033527822700777206 chrié -1 83046173 4 false
TTCGAAGGGGCACAGCCACC TGG 0.012244542759911894 chr9 -1 135117580 4 false
TTCGAAGGCGTACTGGCCCT TAG 0.010819529955000002 ENSGOO000085872 chr1d -1 16518494 4 false
TTCGAAGGGGTCCTCACACG AAG 0.00555392686153846 ENSG00000231185 chrs 1 142375629 4 false
ULK1
gRNA1_Exonl
Sequence PAM Score Gene Chromos. Strand Position Mismatches On-target
AGACCACCGCGAAGGCGLCG TGG 100 ENSGO0000177169 chri2 -1 131895076 1] true
GGATCACAGCCAAGGCGCCG GAG 0.9111463133640552 chr10 -1 132794026 4 false
CGAGCACAGCGGAGGCGCCG GAG 0.8306872037914692 chr1 1 20213118 4 false
ATGCTACCGCGCAGGCGCCG CGG 0.7819961538461537 ENSG00000122873 chr10 -1 58269150 4 false
AGAACACAGGGAAGGCGCCT GGG 0.7395692229729731 chrg 1 144538100 4 false
CGCCCACCGAGAAGGCGCAG TG6G 0.6251933753834353 chrg 1 135215864 4 false
ACACCACTGGGAAGGCGCAG GAG 0.5773936801675977 ENSG00000143774 chrl -1 228145894 4 false
AGAGCAAGGCCAAGGCGCLG CAG 0.5603398599585062 ENSG00000125651 chr1s -1 6381579 4 false
GGCCCAGCGCGCAGGLGCCG GG 0.5594163291469195 chr1s -1 54159514 4 false
ACCCCGLCGCGGAGGLGLLG CAG 0.4774282910958904 chrx -1 40098188 4 false
AGCCTAGCGCGAAGGCCCCG CAG 0.46886411516497467 ENSG00000249926 chr12 -1 131662925 4 false
AGCCTAGCGCGAAGGCLCCG CAG 0.46886411516497467 ENSG00000279746 chri2 1 1312978390 4 false
AGACCATGGTGGAGGCGCCG TGG 0.4392643873505976 ENSG00000161904 chré -1 33778919 4 false
CGATCACCCCGAAGGLCGCTG GGG 0.41057279191616763 ENSG00000168418 chris 1 84237133 4 false
AGCCCTCCGTGAAGGCACCG GGG 0.3504363223073187 chri2 -1 124307656 4 false
AGAGCCCCGTGAAGGCTCCG CAG 0.38404094613693474 ENSG00000057935 chr2 1 42494868 4 false
TGAGCACCGAGAAGGCGGLG CGG 0.3760743599939399 ENSG00000165066 chrg 1 41646489 4 false
TGAACACCGCGAGGGCGCCT AAG 0.3757593264705883 chri2 1 89354323 4 false
AGCCGGCCGCGAAGGLGCTG CGG 0.35797781249399954 chrd 1 30718086 4 false
AGAGCACAGCGGAGGCCCCG GGG 0.33909987437185934 chr3 1 72590887 a false
AGACCAGGGGGAAGGCGCGGE AAG 0.3377532017045454 ENSG00000175866 chr17 -1 81105040 4 false
AGACCAGAGGGAAGGCGCTG TAG 0.3377532017045454 chr4 -1 26082183 4 false
ATTCCAGCGCGAAGCCGCCG CGG 0.3230979550251257 ENSG00000163975 chr3 1 197003320 4 false
AGAGCACTGCGGGGGCGLCG GGG 0.3041767937219731 chri4 -1 23548849 4 false
AGTCCACCGCGACGGCGTCG GGG 0.2870730036363636 ENSG00000136156 chri3 -1 48233456 3 false
AGACCAAGGCCAAGGCGCCT TG6G 0.28016156669776127 chris -1 19067438 4 false
GGACGCCCGCGAAGGLGGLG CGG 0.23339295580110452 chrd -1 3292382 4 false
AGCCCACCCCCAAGGCCCCG CAG 0.23278734403077405 chrl 1 245210194 a false
AGTCCAGCGCGGAGGLGLGG GGG 0.20771847104329608 chr1 -1 143451098 4 false
AGTCCAGCGCGGAGGLGLGG GGG 0.20771847104329608 chr2 -1 91686331 4 false



AGTCCAGCGCGGAGGCGLGG
TCACCACCGCGAGGACGCCG
AGGCCAACGTGAAGGGGLCG
ACTCCCCCGCGAAGBTGCCG
AGACCACAGAGAAGACGCCA
AGACCATCGTGGAGGCGCTG
AGACCACCGGGAAGGTGCAG
AGAGCACCTCGAAGCCGCTG
AGACCGCCGTGAAGACCCCG
AGACCCCAGCCAAGGAGCCG
AGCCCACCGAGAAGTCGGLG
AGACTCCCGCGGAGGGGLCG
AGACCGCCTCCAAGTCGCCG
AGACCACGGGGAAGGAGCTG
AGACCACCTCAGAGGCGCAG
AGACTAGCGCGCAAGCGCCSG
AGACCCCCGGGAAGGGGLLC
AGACCAGCGAGCACGLGLCG
AGACCACCGAAAAGGAGCCC
AGACCACGGCGGAGGGECCCG

gRNA2_Exon2
Sequence
GCAGCGTCTGAGACTTGGCG
GCATCTTCTGGGACTTGGLG
GAATGGTCTGAGACTTGGTG
ACAGTGGCTGAGACTTGGCA
GAGGLGCCTGGGACTTGGCG
TGAGCCTCTGAGACTTGGCT
AAAGCCTCTGGGACTTGGLG
GCAGTGTTTTAGACTTGGTG
GCACCCTCTCGGACTTGGLG
AAAGCGACTGAGACTTGGTG

GCAGTGTATGAAACTTGGCT
GAGGCTTCTGAGACTTGGAG
GATGCTTCTGAGACTTGGAG
CCAGAGTCTGTGACTTGGAG
CCAGAGTCTGAGGCTTGGCT
GCTGCGGCCGCGACTTGGCG
GGACCGGLTGAGACCTGGLSG
ACAGCTTCTGTGACTTGGCC
GCAGAGTCTAAGACTTTGCA
GCAGCCTCTGAGACTTGGGC
TCAGCGCCGGAGACTTGGGG
TCAGCACCTGAGACTTGGTG
GCACCCTCTGACACTTGGCA
GGAGCGACTGAGACTTTGCC
GCTGCTGCTGAGACTTGGAG
GCAGTGTCTCAGACTTGGTC
CCAGCGTCTGCCACTTGGCT
GCACCCTCCGAGGCTTGGLG
ACAGCCTCTGTGACTTGGGGE
TCAGCGCCTGAGACTTGGTA
GCAGGGTCTGGAACTTGGCA
CCAGGGTCTGAGCCGTGGLG
GCATCGTCAGAGCCTTGGCC
GCAGCATGTGAGTCTTGGCA
GCAACAGCTGAGACCTGGCG
CCAGCGTCTGGTACTTGGTG
GAAGCGGCTGAGTCTTGGTG
CCAGCCTCTGAGACTTTGTG
GCACCGGCTGAGACTTTGAG
GCAGATTCTGAGACTTGGGA
GCAGTGTCTGGGTCTTGGCA
TTAGCATCTGAGAGTTGGCG
GCAGCCTCAGAGAGTTGGCG

0.20771847104329608
0.20641801675977656
0.18907952879328366
0.1874480807652308

0.18062976391625615
0.16617457523863635
0.14837180281690143
0.10041309221311473
0.09799842937500002
0.0339480051369863

0.091856639938372838
0.08811167391304343
0.08628859107654184
0.08587824456521741
0.0839575699355381

0.08071136165158373
0.07533073930357146
0.0687366928406903%
0.06074821597500001
0.05204802914795208

Score

0.9286353711790393
0.6199930939226518
0.6075683757485031
0.5870911191143499
0.5513897622659386
0.5512435195852533
0.5246368972081217
0.4688079833776535
0.4589545284431138

0.3308538770053476
0.37820254766949146
0.37820254766549146
0.37746306818181813
0.3709114112903226
0.3491650482947961
0.324425
0.30982282511045364
0.2910266182665746
0.2903298121387283
0.2706956255419075
0.26437411874999393
0.2498262302542373
0.24881273438694273
0.2444938459375
0.24349376536016948
0.24002822263313608
0.22650610124599998
0.22563024419910174
0.2174226830357143
0.21018015349740332
0.19972337837837836
0.1940727359461326
0.18210585127617804
0.18180507891705072
0.17509972499999396
0.17346065625
0.1686358215725806
0.16861983374999397
0.16752134522528954
0.16705578092277487
0.16137766359799
0.1578421274509804

100

ENSG00000173954
ENSG00000271654
ENSG00000260230

ENSG00000275074

ENSG00000110057

ENSG00000275183

ENSG00000184209
ENSG00000126934

ENSG00000078735
ENSG00000186187

Gene
ENSG00000177169
ENSG00000130309

ENSG00000110651

ENSGO0000169926
EN5SG00000205839

EN5SG00000116062

ENSG00000063354

ENSG00000243175

ENSG00000180806

ENSGO0000075303

chr2
chrig
chrg
chra
chri3
chrg
chrg
chril
chr1o
chrie
chrig
chril
chri2
chr1g
chrie
chrs
chrig
chrl
chri
chrg

Chromosol

chri2
chrig
chré
chr2
chr18
chrl
chril
chr3
chra
chrg

chri2
chril
chriz
chré
chr?
chris
chr17
chr?
chr10
chr20
chr2
chrs
chr?
chr17
chrg
chr3
chrx
chr?
chr2
chr2
chrs
chril
chrio
chrd
chrs
chri2
chrx
chrio
chr1
chrls
chri2
chr1
chr?

-1
-1
-1

Strand  Position

1
-1
1

89612071
55493835
18387369
10391663948
99926515
22108248
6898232
67996642
22229288
867919
54463279
10304578
123465955
4094941
24533800
137885447
74995710
66930158
235637964
165827125

131895651
17581342
70114173

2350336306
79873814
40306065

2393704

105644001

1341664393
30442339

82012529
125768613
125436875

47002752
131928345

31326907

1271385
43251189
7379515
25042381
47783269
1618619
101935814

60151935

19641412

98735950

438560253

1936142
199306185
200854213

94732203
121621413
124726412

71188082
176830197

54002451
153434168
112926778

30656365
100852178

51875332
229877430

87876226

S S S N N S e e N T N S S S

o

S S S N N N S )

Mismatches

T e S T N N N N O Y

Liite 1
3(18)

false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false

false

On-target
true
false
false
false
false
false
false
false
false
false

false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false

false



GCAGGGCCTGAGTCTTGGTG
GCCGCGTTTGACACTCGGCG
GCATCTTCTGAGGCTTGGAG
GCAGCCTCTGGGAATTGGCG
GCAGCTCCTGAGCCTTGGCC
GCAGCCACTGAGGLTTGGCC
GCAGCATCTGTAACTTGGCC

STING1

gRNA1_Exon5
Sequence
CATATTACATCGGATATCTG
TATATTTCATCTGATATCTG
ATTCTTACATGGGATATCTG
CATTATAAATCGGATATCTC
CTTCTTAAATCTGATATCTG
CATCTTACATTGTATATCTG
AATGTTGCATAGGATATCTG
AATATTTTATAGGATATCTG
CAAATTACATCACATATCTG
CAAATTCAATTGGATATCTG
TATTTTTCATCAGATATCTG
AAAATTCCATCAGATATCTG
CATATGTCATCAGATATCTG
AATATGAAATAGGATATCTG
AATATGAAATAGGATATCTG
TATCTTACATTGGATATCTA
CACATGAGATTGGATATCTG
CAGAACACATGGGATATCTG
CATATTCCATATGATATCTG
CATTTTATTTCAGATATCTG
TATATTACACAGGATATCTC
CTTATTCCATCGGATTICTG
CACATTACTACAGATATCTG
CATACTAGATCAGATATCTT
CAGATTTCAGCGCATATCTG
CCTATGAGATCGCATATCTG
AATATTATATAGTATATCTG
CATTTTACATCTGATATGTG
CATATTCCATCAAATATCTG
AATATCACTTGGGATATCTG

0.15694059374539357
0.14937305427135683
0.145162083045580006
0.14337541855203617
0.12569446887033573
0.125639446887053573
0.12332505338253767

Score

ENSG00000244005

Gene

100 ENSG00000184584

1.0803187817258584
0.8946543773755654
0.811782786885246
0.8077188940092166
0.6386408450704224
0.6166297089041096
0.60556908632287
0.5800046400000001
0.5666013598404255
0.5620320422535211
0.5594163291469195
0.5432818312236287
0.5412662613122171
0.5412662613122171
0.5251510748407643
0.5062024289163088
0.5018943231382978
0.48210879183673406
0.45571500000000004
0.4493211240754438
0.4300662813102121
0.4245804303958515
0.390853877005347¢6
0.3904621776107877
0.38795625
0.3696430978260869
0.35302658959537564
0.34752077468354436
0.333733301969178

ENSG00000215009

ENSG00000198792

chr12
chrs
chrig
chrig
chr?
chr1
chr2o

Chromos.

chrs
chrio
chry
chrs
chr3
chrio
chr4
chrx
chris
chr2
chr21
chrg
chrg
chris
chrz
chri4
chr4
chr3
chriz
chr4
chri2
chr22
chri7?
chrs
chr4
chri4
chrl
chrls
chr20
chr4

Strand

121086237
6370013
66271580
2840425
47577482
22174042
35638947

Position

139480809
7234709
97395676
104126764
148884193
114660269
62117534
126074815
95937277
153404991
36197292
36744883
74797876
21266333
164974592
57906696
34389827
132603541
7318052
20412602
106603006
38230687
46102217
127865667
118763576
98016250
148497347
36058150
24621149
65827964

[ T

Mismatches

BW W R BB R R W R kWA B R R R WA RWR A WR B AW

Liite 1
4 (18)

false
false
false
false
false
false
false

On-target
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false

false



TATATTATATCATATATCTG
GATATTTCATACGATATCTG
TATATAACATTGGATATCTT
CATTTGCCATCTGATATCTG
CATATTATAGCAGATACCTG
TATATTAGATTGGAAATCTSG
TATATTAAATGGGAGATCTG
CATCTTACTTATGATATCTG
CAAATTAGATGGGACATCTG
CATATTATCTAGGATATCTT
CATGTTTCATAGTATATCTG
AATATTATATCGGATATATT
CATATTAAGTTGCATATCTG
CATTTTCCAGCGGATTTCTG
CATAGTACATAGGATAACTT
CAAATTACATTTTATATCTG
TATATTACCTTGGACATCTG
CATATTGCTTCTGATATCTT
CAGATTAAATCCGATTTCTG
CATATTAAATTACATATCTG

gRNA2_Exond
Sequence
CCAGTCACTCACAGGTACCC
GCTGCCACTCACAGGGACCG
CCTCACACTAACAGGTACCG
GAGATCCCTCACAGGTACCG
GCTGGCACTCTAAGGTACCG
TCTGTCACTCATAGGTACAG
GGCCTCACTCACAGGTACTG
GATGTCTTTCCCAGGTACCG
GGTATCACACACAGGTACCA

GCAATGACTCACAGGTACCT
GCAGGAACTCACAGGTACCA
GCATTCACTCTCAGGTACCA
TCTGTCCTTCACAGGTACTG
CCTGCCACTCTCAGGTCCCG
GATGCCACACACAGGTACGG
ACTGTGACTGACAGGTACAG
GCTTTGCCCCACAGGTACCG
GCTGTCAGGGACAGGTCCCG
GCTATCACGTACAGGTACAG
GCTGTCACTTACAGATACCA
TCAGTCACTCACCGGTGCCG
ACTGTCACACCCAGGTACCA
GCTTTGACCCACAGGTACCA
GCCGTCACTTACGGGTACCA
ACGGTCACTCGCAGCTACCG
GCTGCTACTCCCAGGTACCT
CCTATCACTCACAGCTACCC
GTTGTCAGTCACAGGTTCGG
TCTGTCGCTCAGAGGTTCCG
GCAGTGTCTCACAGGTACAG
CCTGTCACTCACAGGAACAG
GGTGTCACTTACAGCTACCT
CCTGACCCTCACAGGGACCG
GCAGTGACTCACAGGTTCCC
GCAGTCACTGACAGATACCC
TCTTTCACTCACAGGTAACT
CCTGTCACTCCCAGGTTCCC
CCTGTGACTCACAGGTACTT
GCTGTCACACACAGATGLCG
TTTGTCACTCACAGGGACCA
GCTGTCCTGCACAGTTACCG
GCTTGCACTCCCAGGLACCG

0.33088500000000004 chrs
0.3148844449052132 chrx
0.30982282511645964 chr2
0.3081968473404255 chrx
0.27378204350220265 chr1
0.27173653846153845  ENSGO0000239557 chr3
0.27173653846153845 chrx
0.2550928277896995 chr3
0.2523999239130434 chris
0.24103429261363632 chra
0.2343552364069507 chri3
0.1928279801324503 chri3
0.18626287836155372 chr2
0.18620584456521747 chriz
0.17345768698770452 chrio
0.1664546668284753 chrx
0.16434543083756342 chr3
0.15174761961828362 chrll
0.14937305427135683 chra
0.1488001615612648 chrs
Score Gene Chromos.
1.9579142857142857 chr3
1.601960784313726 chri1
1.4327783842754761 chriz
0.9482699110671937 chrs
0.7551877729257642 chr3
0.696127659574468 chra
0.6113131906077346  ENSG00000153302 chrl9
0.5897026473799127 chrl6
0.5435201721556888 chr17
0.4950740771648045 chrs
0.48960364537292816 chr?
0.4810321697485207 chr3
0.43797374999999994 chrg
0.43006620762711856 chr11
0.3918037499999993 chr1g
0.3699931863452663 chrs
0.3555098519021739 chr2
0.3370396232259826 chrl6
0.3271967326748704 chrl
0.3179867063414635 chrl
0.3096825808911243  ENSGO0DD00187244 chrlg
0.3016536955464072 chr10
0.30007956608606556 chrll
0.29496139039258484 chr3
0.28241505 ENSGO0000160789 chrl
0.26962959375 chrg
0.267201845637584 chra
0.26184375 chrg
0.25748289175977657 chris
0.2444988459375 chrl
0.2433617021276596 chri6
0.2195679166167665  ENSGO0D00167123 chra
0.21911426701570688 chr7
0.2119132299864131 chrl
0.20898550454306364 chr1g
0.20361555944055942 chr?
0.19963997936320751 chr1g
0.19524901616379306 chra
0.1806661568627451 chrg
0.17868304195804202 chr1z
0.16954450500000004  ENSGODD00198537 chrlg
0.16919216417910451 chr1g

10027212
124858768
665041
40806336
51270848
52374004
134249030
188540887
71328810
57634269
111332444
53374092
173454077
42603464
34400674
51665838
165299781
133137576
113324737
98456108

e I T T S e e e A S T T ~TE T S S

Position  Mismatches
71197451 3
77165364
23882049
30442802
37358826

108924733
35133698
51286092
34443698

o S T A

1 31481022
1 30544634
1 29202418
-1 500876
1 2882114
1 16371345
1 138195892
-1 240461368
-1 9155135
1 B4665786
-1 21469409
-1 44819486
1 111031072
1 115812479
1 36635670
1 156138667
-1 84208879
-1 20939800
1 126401369
-1 2763004
-1 172092532
1 19851550
1 128434413
-1 4789078
1 229024836
1 43352415
-1 21291314
1 48667823
-1 1715143
-1 157228426
1 111066498
-1 30548594
1 5315504

Liite 1
5 (18)

false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false

On-target
false
false
false
false
false
false
false
false

false

false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false

B N T I O N N T T N R - T - T T S



GCGGTCACTCAGAGGTCCCC
GTTGTCACACACAGGTCCGG
GCTGTCACTCATAGATACCA
ACTGTCACCCACAGATACCT
GCTGTCGCTAACGGGTGLCG
GCTTTCTCACACAGGTAACG
GAAGTCACTCACATGTACCC
GTTGGCACTCACAAGTACCC

Ezh2

gRNA1_Exon3
Sequence
CTGAAGCCTCAAACCAAGAG
CTGAAACCTGAAACCAAGAA
CTGAGACCTTAAACGAAGAG
TTGACATCTTAAACCAAGAG
CTGAAATGTCAAACCAAGAG
GTAAAACTTAAAACCAAGAG
GTARAACTTAAAACCAAGAG
TTCAAACATAAAACCAAGAG
GTGTTACCTGAAACCAAGAG
CTTGAACTTAAAACCAAGAG
CGGAAATCTTAAACCAAGAA
ATGAACCCCTAAACCAAGAG
TAGAAATATTAAACCAAGAG
ATAAAAATTTAAACCAAGAG
CTGAGAGCTTCAACCAAGAG
ATGGAATCTAAAACCAAGAG
CTGAAAAAATAAACCAAGAG
GCGAAACTATAAACCAAGAG
CTGTTATTTTAAACCAAGAG
ATTAAACAGTAAACCAAGAG
CTTTAAACTAAAACCAAGAG
GTGCAACCAGAAACCAAGAG
TTGTATCCTGAAACCAAGAG
CTGAAACAGTAAACCAAGAT
CAAATACCTTAAACCAAGAT
CCTGAACCTTAAACCAAGAA
CACAAACCTGAAACCAAGAT
CTTAATCTTCAAACCAAGAG
CTGAAAACTTAAAGCAAGAG
ATGAGACCTAAAACCAGGAG

0.16037202616618502
0.15807052488772455
0.1575709031674208

0.15299238254716982
0.15246241215025688
0.14791303758883245
0.1408064058870968

0.13921308962264153

Score
3.350283227848102
3.31685590909091
2.314545454545455
1.8251758087201129
1.5264134099616862
1.463858653846154
1.463858653846154
1.463858653846154
1.4327723842794761
1.3766500531914896
1.2792929078014186
1.05934313725459018
1.0442864806866952
1.02090335106383
1.0129725738396624
0.9959847500000002
0.9825213135068154
0.9674166666666668
0.34676556420233465
0.9454686674008809
0.9323173704113926
0.9071172794117647
0.874468199339207
0.853783597883598
0.8466847543352602
0.8370083571428572
0.8276369445552147
0.8189339803870291
0.7214224626865673
0.7057033868715085

Gene
ENSG00000102317

ENSG00000106462

ENSG00000255874

chr20
chri6
chrl
chrx
chrig
chr2
chrx
chrls

Chromos.

chrX
chr2
chri2
chr3
chril
chry
chry
chrd
chri
chr3
chr7
chrs
chra
chr?
chrz
chr1
chr13
chr3
chrg
chr2
chri
chr13
chr1o
chril
chri4
chri4
chré
chrl5
chra
chrig

Strand

63547614
17228706
152019351
126579140
55016624
3466847
145098402
60136233

Posi
48576005
130282968
5312292
168053317
43109455
16375110
16210234
37030949
195720942
96942767
148846542
142841930
71306419
41654397
167988947
20793659
92063580
50050379
30974266
19236395
51400042
110867313
67513843
129858349
68715815
60625497
25818586
92115995
185241626
3279796

[ S N T S

false
false
false
false
false
false
false

false

Liite 1
6 (18)

Mismatches On-target

2

BNOR R B R WA B R B B B WR WA B WWA AR BB WWNN

false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false

false



CCAABACCTGAAACCAGGAG
CCAARACCTCAAACCAGGAG
ATGTAACTTTAAGCCAAGAG
CTGARATCTGAAACCAAGGG
TAGTAACCTTAAACCAAGGG
TTCAAAACTTCAACCAAGAG
CTGAAGCCTCAAGCCAAGAG
CTGAAGCCTCAAGCCAAGAG
ATGAAAACTAAAACCAAGAA
CTAGATGCTTAAACCAAGAG
CTGCTGACTTAAACCAAGAG
CAAAAACCCTAAACCAAGAC
CAGAAATCTTAAACCAAAAG
CTGACCTCTAAAACCAAGAG
GTGAAACCTTAAACAAAGAA
CAGAAACTGTGAACCAAGAS
CTGAAAAAGGAAACCAAGAG
CTGAAATTAAAAACCAAGAG
CTGAAAGAGCAAACCAAGAG
GTGAAGCTTTATACCAAGAG

gRNA2_Exon3
Sequence
TTAAATCATCTATTAAGGGA
AAAATTGTTCTAGTAAGGGA
AAAAATCCCCTGGTAAGGGA
GTAATACCTCTAGTAAGGGA
TAAAATCCTCTAATAAGGAA
TCAAAGCCTCTAGTAAGGCA
AAAACTCATCTAATAAGGGA
TTAGATCATCTAATAAGGGA
TCATTTCCTCTAATAAGGGA
TGGACTCCTCTAATAAGGGA

TACAATCATATAGTAAAGGA
AAACATTCTCCAGTAAGGGA
TATGATCATCTAGTAAGGAA
TACCATGCTCAAGTAAGGGA
TATCATCCTTTAGTAAGGAA
AAAAATTCTTAAGTAAGGGA
GAAAATGCTATAGTAAGGGC
TAATATCATTTATTAAGGGA
AGAAAGCCTCAAGTAAGGGA
GAAAATCCTCTATTAAGGAA
GAAAATACTGTTGTAAGGGA
TCTAATCCTCAAGTAAGGGC
TACAGGCCTCAAGTAAGGGA
CAAAGTCTTCTAGTTAGGGA
TTAAATTATCTAGTAAAGGA
TAATGTCCTCAAGTAAGGGT
GAAGATCCTGTAGTGAGGGA
GAAAATGCTCTAGTAGGGGA
CAACATGCTCTAGTAAGGCA
TAATCTCCTCGGGTAAGGGA
TAACATACTATAGTAATGGA
TAAAATCAAGCAGTAAGGGA
TAAAAGCTTATGGTAAGGGA
TAAAATTGTTTAGTAAAGGA
GAGAATCCTCTCGTAAAGGA
TAAGATACTTTACTAAGGGA
AAATATCCTCCAGTAAGGAA
TCAGATCCTCTAGTAAAGGS
TAAATTCTTCAAGTAATGGA
TGAAATCCTGAAGTAATGGA
GTAAATCCTCTTGTAAGGTA
CTAAATCCTCTCTTAAGGGA
TAAATTCTACTAGTAAGGTA

AAG
AGG
GAG
GAG

0.6881348815607735
0.6881348815607735
0.6725304878048782
0.6639898333333334
0.6486632947976878
0.6136005509792627
0.5963796746724833
0.5963796746724833
0.566353146477273
0.5647740620136187
0.5555012971638113
0.5424067793181819
0.5400195323087049
0.5358830991847826
0.5321714285714286
0.5275378002183405
0.516630579263868
0.516630579268868
0.516690579268868
0.49321569767441853

Score
1.2441624365482233
1.0180700836820085
0.9664345177664975
0.86558734939753903
0.8155616197183098
0.8100503355704697
0.5660326086956522
0.5534063981042654
0.6353398617511521
0.6322725

0.6322457541243656
0.6166297089041096
0.6113131306077346
0.5764126387387013
0.5757430519067795
0.567915961300685
0.566353146477273
0.5593705671806168
0.5512435195852533
0.547563829737234
0.517631510915433
0.504934389363354
0.5018943231382978
0.4896153846153846
0.4853767810880831
0.46581197033852303
0.4652511904761305
0.45091737975798
0.44821874999999994
0.432345
0.4252396963619404
0.4198583770047169
0.338629005612245
0.33033447457171953
0.38510025000000004
0.3854460382500001
0.38209451687116547
0.3787692466887418
0.36773777173913036
0.36325441952720205
0.3516664012738853
0.35145816062176166
0.3445510364321608

Gene

ENSG00000177570

ENSG00000112902

chrlg 1
chr2 -1
chrio -1
chry 1
chrl -1
chrg -1
chri1 1
chri1 1
chrx -1
chr3 1
chr2 1
chr2o 1
chrl -1
chrx 1
chr17 -1
chrs 1
chrll -1
chra 1
chre 1
chrg -1
Chromos. Strand
chr2 -1
chra -1
chrll -1
chr3 1
chr20 1
chris -1
chrs 1
chri1 -1
chrx -1
chr2 1
chrl 1
chr2 1
chr22 -1
chri4 -1
chrd 1
chrx -1
chr3 1
chrig -1
chrg 1
chr20 -1
chrig -1
chril -1
chr1o 1
chr17 1
chri4 -1
chr7 1
chrs 1
chrd 1
chri4 1
chr3 1
chril 1
chrs 1
chri3 -1
chri4 1
chra. 1
chrx 1
chr3 1
chrig -1
chril -1
chra 1
chr2 -1
chr2 -1
chr7 1

62950717
240935170
34023524
13027624
185288953
35453245
3291500
3219501
113723094
113535860
196422301
7799205
208223341
95845530
52008873
15363083
85461239
38415175
96563059
159719656

Position
155523513
23584926
128609389
94136701
34180536
75773621
167377095
65001633
152247433
1356417570

14071136
88103214
33101228
22643385
136873107
79170341
116688713
47154010
118190633
8815311
32074398
35629228
101309703
33982942
41379405
84367124
9040683
127988840
47682511
152998817
41700305
143060092
79354023
27129185
4340960
147317241
176698076
42874733
28742350
29210993
82013226
233237072
108028983

PR R R B W R WA R B R W WA R WR B B

R OR R W N R W R

Mismatches

BoA B B B R B B AR B B R BB WA R BB ABR B WARBR BB BB B A&

Liite 1
7 (18)

false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false

On-target
false
false
false
false
false
false
false
false
false
false

false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false

false



11

TAATATCTTCAACTAAGGGA
CAAAACTCTCTGGTAAGGGA
AAAMATCATCTTGTAAGGCA
TARACTCATTTAGTAAGTGA
TTAAATCCTTTATTAAGGGC
GAAAATTCCCTAGTAAAGGA
AAATATCCTGTAGTAGGGGA

GAG
AAG
AAG
TGG
TAG
AGG
AAG

0.340076249593939397
0.33376156278801844
0.32669600591715975
0.3167922413793102
0.3096459562500001
0.309333654833864867
0.3083840163334427

gRNA1_Exon2
Sequence
CAGTTCTAGTCGTTGCCCCT
CGBGBAGAGTTGTTGCCCCT
CAGACACAGTCGCTGCCCCT
CATCTAGAGTCGTTGCCTCT
CAGAAAGGGGLGTTGCCCCA
CAGACACAGCCCTTBCCCCT
CATATAGTTTCCTTGCCCCT
CACAGAGAGTGATTGCCCCT
CAAATAGTGTCATTGCCCCC
CAGTTAGAGCGTTTGCCCCT
CATATAAAATGGTTGCCCCT
CAAATTGAGGCGCTGCCCCT
GAGAAAGAGTCACTGCCCCT
CAGATGGGGACGCTGCCCCT
CACATGGAATGGTTGLCCCCT
CATAAAGAGTCATTGCCCTT
CAGAGATAATCCTTGCCCCT
CAGATGAAGGGGTTGCCCCT
CAGATACCCTCCTTGCCCCT
CAAGTAGAGTTGTTCCCCCT
TAGATATAGTCATTGCTCCT
CAGCCAGAGTGGTTTCCCCT
GAGTTAGAGTCTTTTCCCCT
AAAATAGAGTCATTTCCCCT
CAGATACTATCGGTGCCCCT
AATATAGAGTAGTTGCCTCT
AAGATAAAGTCCTTGCCCTT
AAGATAGAGTGTTTGCACCT
CAGACTGAGTCGTTGCTCCA
CAGACATAGTCCTTGCCCTT

PAM Score

TGG 1.002692848020434
GAG 0.863400655021834
AAG 0.7574809954751132
TGG 0.741790707070707
GGG 0.7163366819371728
TGG 0.46521313006329124
TGG 0.46110795917030567
TGG 0.43797140753424646
CGG 0.4118081117142857
TGG 0.38124550053191486
TGG 0.3491650482947961
GGG 0.34905834399971203
GAG 0.34086143216030406
TAG 0.32142743449267785
GAG 0.3119675168303571
TAG 0.3110780699993999
GGG 0.3060440839958159
TAG 0.30213287298004516
CAG 0.2891088382411068
AGG 0.26254665452261305
CAG 0.25748289175977657
GAG 0.2559836956521739
TAG 0.2539118918918919
TGG 0.25309326885245303
TGG 0.23293288125

TAG 0.22880439970059868
AAG 0.22580562799401196
GAG 0.2002774632352941
TGG 0.20001424584537575
TGG 0.19743214594240832

Gene

ENSG00000260063

ENSGO0000126243
ENSG00000111785

ENSG00000153815

ENSGO0000255874
ENSG00000279184

chré
chri3
chrg
chris
chrg
chri4
chr20

Chromos.
chra
chri
chr1g
chr12
chr3
chrs
chrx
chré
chra
chra
chr2
chrig
chra
chri3
chrig
chri2
chr12
chra
chrl
chri2
chr3
chril
chra
chril
chr19
chrls
chris
chra
chri3
chr22

Strand

1 13
-1 9
-1 1
-1 3
1 10°
-1 g

Position

186192190
26693994
35939545
106842676
52289907
55495382
65739215
64243199
128397656
74091769
76467030
81697781
134562575
60396251
13245145
92065963
106271755
819797
206857789
83479820
64288572
61628257
21303264
31288515
30303836
58890703
76886969
126982651
110869882
35174014

4431707
4965469
1373434
3014881
7076298
5803202
8587059

Mismatches

BB B B B A BB B A B B BB B BB B R BB B BB BB oW W A

R S

Liite 1
8 (18)

false
false
false
false
false
false

false

On-target

false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false

false



CAGAGAGAGCCCTTCCCCCT
CAGACAGAGGCCTTTCCCCT
GAGAGAGAGTTGTTGGCCCT
GAGAGAGAGTTGTTGGCCCT
CAGAGAGGGTCGTTCCTCCT
CAGATAGTGACTTTCCCCCT
CAGATACAGCCGCTGCCCCG
CAGAGAGAGAGGTTGCCACT
AAAATAGAGTCTTTGGCCCT
CGGATTGAGTCATTTCCCCT
CAGATCCTGTCGTTGCCACT
AAGATAGAGATGTGGCCCCT
AAGATAGAGTCTGTGCCCTT
CAGATACAGTTTTTGCTCCT
CAGCTAGAGGCATCGCCCCT
CAGCTAGAGGCATCGCCCCT
CAGATAGTGTTCTTTCCCCT
AAGATAAAGTCGCTGCCACT
AAGATAGAGTAATTGCCACT
CAAATAAAGTCCTTGTCCCT

ERNA2_Exon4
Sequence
GCAGACATTGTACATGCCTG
GCATGCAGTTTACATGCCGG
GGAACCAATGTACATGCCGT
TCAGCCATTTTACATGCAGG
GCAGGCAATAAACATGCCGE
TAAGCCATTTTACATGCCAG
ACAGGCTTTGGACATGCCGG
ACAACCATAGAACATGCCGG
GCAGTCAGTCTACATGCCAG
GCTGCAAATGTACATGCCGA

GCTTCCAGTGTACAGGCCGG
ACAGCCATTCTCCATGCCGT
AGAGACATTGTACATGCTGG
TGAGCCATTGCACATGCCTG
CCAGACATTGGACATGCCTG
GCAGTCAGTGGACATGTCGG
GCAGGAATGGAACATGLCGG
GCAGCCACCATACATGCCAG
AGAGCCATTGTAGATGCCTG
ACAGCCACTGCACAGGCCGG
ACAGCCACTGCACAGGCCGG
GTTGCCAGTGTACCTGCCGG
TCAGCCATGGAAAATGCCGG
GCGGCCACCGTACATGCGGEG
GCAGCCCCTGGACATGCCTG
GCTGCCATGGAACATGCCAG
ACAGCCATGGTCTATGCCGG
TCAGCCACTGTCCATGCAGG
ACAGCCATTTTTCATGCTGG
GCGGCCCTTGTAAATGCCTG
GCAGCCACTTAACATGCAGG
GCAGCCAGTGTACCTGCCTG
ACAGCCAGTGTACATGCAAG
GTAGGCATTGTACATGCAAG
GCAGCCTTGGGACATGCCAG
TGAGCCATTGTACAGGCTGG
TGAGCCATTGTACAGGCTGG
GCAGCAATGGCACATGCCTG
GAAGCCAATGTACTTGGCGG
GCTACCATTGTACAAGCAGG
CCAGCCACTGTACCTGCCAG
GCAGCCATTCCAAATGCCAG
GCAGCCATGCCACATGCAGG

PAM

AAG

AAG
AGG
AAG
TGG

0.1957591751131221%
0.19575917511312219
0.18583401639344263
0.18583401639344263
0.18471293969849248
0.18101580627615063
0.17992278630699634
0.17410437937304872
0.16793919661016954
0.1457389153846154

0.1367428311611374

0.13235486021341464
0.12209656439999996
0.11470689633127302
0.1088362573054299

0.1088362578054299

0.10817594813278006
0.1079310749999399%
0.10533930662983422
0.10305755034213201

Score

3.8365384615384612
1.3502314814814813
0.8790310650887576
0.7672939597315435
0.7432610969387754
0.6419470108695652
0.6110493495475113
0.5618850988372092
0.5246368972081217
0.4950740771648045

0.45921146341463426
0.40308736593113774
0.3844515254237288
0.38170695754716867
0.37746306818181813
0.36773777173913036
0.3007725289351851
0.2910090756048387
0.280184879032258
0.27173653846153845
0.27173653846153845
0.2578232142857143
0.223693659602272723
0.21795747124352324
0.20549855298913036
0.20281721118743987
0.20021735456521737
0.13630799999993995
0.17675945195530723
0.16523450512817797
0.16005111154708515
0.15089086294416243
0.14009474522292986
0.14009474522292986
0.12435808845170451
0.11919171974522291
0.11919171974522291
0.11341198634153474
0.11167366803273689
0.10665385317913075
0.101336931581218182
0.09779195940735129
0.09522901354421394

ENSGO0000206262 chr3 1
chra -1
chrlg 1
chrig -1
chriz -1
chria 1
ENSG00000244005 chr20 -1
chr7 1
chrid 1
chr12 1
ENSGO0000139266 chri2 -1
ENSG00000182179 chr3 -1
chr10 1
chri0 1
chry -1
chrX -1
chr? -1
chr2 -1
chr3 -1
chrs -1
Gene Chromosor  Strand
chr? -1
chr? -1
chrs -1
ENSG00000037033  chrl -1
chr? -1
ENSG00000120885 chr8 1
ENSGD0000160957 chrd -1
chrlo 1
chrX -1
chr22 -1
chrie
chri2
chri2
chrio
ENSG00000092203 chrld
chr20
chrio
chra
chrlg
chrio
chrio
ENSG00000239809 chrl7
chr3
ENSG00000104825 chr19
ENSG00000137106 chr9
chris
chra
chrg
chré
chr2
chr2
chrl
chré
chra
chril
chr21
chr21
chr2
chri3
chrlg
chrs
chr7
chrl

138952263
76364984
12150230
10639383

113340302
65625357
35698541
47188779
74011823

124581580
57758232
49809347

114547368
10453391

5001050
91780129

144350363

208096698
17413130

166633838

Position
155429745
91201663
139020736
86728471
156071620
27599410
144512856
109244585
40646382
47030754

11093462
642614567
3528824
118512619
21487629
57671272
76034527
10023831
33347643
15345587
15343658
62381869
24683730
38307459
37429939
75195648
1891955
43877242
47812200
130283837
95043262
228062261
161858300
57768758
79601185
43473808
6059756
182753423
100525761
81701499
6657413
8670126
34946448

S S N N N N N N N N N N N N N S S

BoE B B BB W BB

Mismatches

2R BB R R B B B B B WA AR B B B B BB BB AR B B BB BB B B BB

false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false

Liite 1
9 (18)

On-target

false
false
false
false
false
false
false
false
false
false

false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false



Hef

GCAGCCATTCTGCATGACAG
GCAGACATGGTACATACCGT
GGAGCCATTGAACATGTAGG
GGAGCCATTGAAGATGCAGG
TCAGCCATTGTCCATGTGGG
GCAGCCATTGTACATGGGGEA
GCAGCCAGTGTTCATGCTGA

gRNA1_Exon5
Sequence
ACAGTATCTATCACTAAGAG
AGTGTATCCCTCACTAAGAG
GAGGTATCCATCACTAAGAT
ACTTTATCCATAACTAAGAG
CAGGAAACCATCACTAAGAG
AGGGTATGCATCACCAAGAG
AGGGGATCCATCACTAAAAG
ATGCCATCCATAACTAAGAG
ACTGCATACATCACTAGGAG
ACGGCATCCATGACTACGAG
AGTCTATCCATCTCTAAGAG
ACATTAACCATGACTAAGAG
ACTCTCTCCAGCACTAAGAG
CCTCTATCCATCACAAAGAG
AGGATACCCATCACTAAGGG
TCCGTATCCAACACTAAGGG
AGGGGLTCCATCACTAAGGG
ATGGAATCCATAACTATGAG
ACAGTGCCTATCACTAAGAG
ACGATAACTAACACTAAGAG
CCGGCATCCATCACAAAGAC
AGGGTAACTATCACTAAGGG
ACAGTATACAGCACAAAGAG
ACTGTAGGCATCACTAAAAG
ACAACATCCATCAGTAAGAG
ACATTATCCATGACCAAGAG
TAGGTATCCATCGCCAAGAG
ACCATATCCATCACAATGAG
ACTGCATCCATCACCAGGAG
AGAGTATCCATGACTAATAG

GGG

0.088584567896210406
0.08625454930939229
0.08429297669491524
0.08106682499999398
0.07645232080324855
0.0763562681992337
0.071271523880597

Score
4.030448591549296
2.602415384615385
1.9857142857142858
1.4424300469483569
1.0013117283950017
0.9377532228360957
0.7906581740976644
0.7859865470852018
0.6935182692307693
0.6347407407407407
06264451036866361
0524608202
0.5062024289163088
0.4730570351758795
0.4330248940677966
0.38142525815217376
0.37509582182320433
0.3728225138121547
0.3590476786875
0.3452326557269874
0.2636627483443709
0.2616220291550279
0.2523599239130434
0.2436414940414508
0.24118945852534568
0.23510694517766498
0.20641801675977656
0.20247633938547488
0.20023903176795582
0.1980873999999999

ENSG00000162761

Gene
ENSG00000019991

ENSG00000164941

chrl3
chri2
chri2
chrig
chrs
chri
chr1

Chromas.
chr?
chrz
chri1
chr3
chrl
chrg
chri3
chrz
chré
chrz
chr2o
chr3
chrig
chrio
chrx
chrx
chri
chrg
chr2
chrii
chrig
chrl
chris
chri4
chriz
chriz
chrl
chri
chri
chrg

-1
-1

48520273
103755719
5740740
55149436
133247248
165202336
108029269

Strand  Position

81757240
153356458
92928238
60014713
25254232
93425393
36133824
9601633
121482818
170158722
32521288
96900234
75386302
114519694
142009590
133368449
47413163
94875965
58420956
36507044
21287147
58145469
50738716
61408355
66375717
123702453
108015817
177683235
30028735
1328461159

2

P B B B B B BB A BB BB B B BB BB B WA B WW A WW oW

T

Liite 1

10 (18)

false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false

false
false
false
false
false
false

false

Mismatches On-target



ACTGTTTCCATAGCTAAGAG
AGGGGCTCCATCACTCAGAG
ACAGTCCCCATCACAAAGAG
ACTGTCTGCATCACTTAGAG
ACCATAACCATCAATAAGAG
ACAGCATCCATCACTTAGAA
ACTGCATCAATCATTAAGAG
ATGGTATCCATCTCTAGGAC
AACGTATCCATCACTTAGGG
AAGGGATCCATCACTGAGGG
ACGGTTTCCAGTACTAGGAG
ACTGTTTCCACCACTGAGAG
ACGGTATTCTTAAATAAGAG
AAGGAATCCATCACACAGAG
ACGGTTTCCTTCACAAAGSG
AGGGTATCCAGAACTTAGAG
ACTGTATCCCTCACCGAGAG
ACTGTATCCATCCCAATGAG
ACAGTGTCCATCAATAGGAG
ACGCTCTCCATCATTATGAG

gRNA2_Intron{Exon5)
Sequence
TTCTAACTAAGGTTGACCAG
GTTTCAACCAGGTTGACCAG
TTTCAACACAGCTTGACCAA
TGACAGCACAGGTTGACCAG
AGTCAACACAGTTTGACCAG
TTTGAACGCGTGTTGACCAG
TTTTAACCCTGGTTTACCAG
TTTTACCTCAGGGTGACCAG
TATTAACACAGTGTGACCAG
CTTTCAAACATGTTGACCAG

AGG
CAG

GGG
AGG
AAG
GAG

PAM

0.1899693894612676

0.18628831658291461
0.18435724310545026
0.1800602642857143

0.1678259663732395

0.15648417111801247
0.15155728311611374
0.13097123354289944
0.12121912261146499
0.1198858695652174

0.1044165474798387

0.10297750528553301
0.09817474683673473
0.09072762430939228
0.08506462651332487
0.08407915326633168
0.07569870203147211
0.07119869775761423
0.06589651272466217
0.06473272333115185

Score
1.6099119549929672
1.0180700836820085
0.8276254777070065
0.8205166505791508
0.8152325581395349
0.761920371338912
0.6826393013100438
0.6475349344978166
0.6121279187817259
0.6110493495475113

ENSGO0000232409
ENSG00000061455

Gene

ENSG00000119929
EN3G00000213959

chrx
chrg
chr2
chri3
chra
chrs
chriz
chr2
chrs
chri7
chrs
chré
chra
chrz
chri3
chri
chrio
chra
chrg
chr20

Chromos.

chra
chrio
chr20
chr?
chr7
chrio
chr20
chrig
chri2
chrx

14319460
12651042
2456369
52154604
168472474
149939505
24758990
208516983
123189155
62746518
109652943
73178519
102253292
219952166
71621789
63895946
4212740
54375373
53379909
49205226

Strand  Position

1
-1
-1

1

156146143
132937700
21221570
139873211
86211539
99747330
38615354
45137203
151526734
149145586

O O A N N N - T S S Y

Mismatches
3

R I T Y

Liite 1
11 (18)

false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false

On-target
false
false
false
false
false
false
false
false
false
false



TTAGAAAACAGGTTGACCAT
TATTATCTAAGGTTGACCAG
TITGACTACTGGTTGACCAG
TTATTACAAAAGTTGACCAG
CTTTTACACAAGTTGACCAC
TTGTTCCACAGGTTGACCAA
TTGAAAGACAGGCTGACCAG
CTTTAACACTTCTTGACCAG
TTTCTGCACAGGTTGAGCAG
TTCAAACACAAGTTGAACAG
TATTAACTGAGGCTGACCAG
GTTTATAAAAGGTTGACCAG
TGTTAACACTAGTTGAGCAG
TCCTAACACAGGGTGACCAC
TTGTGACACAGATTGAACAG
TTTATACACAGTTTGAACAG
TTCTAAGAGATGTTGACCAG
TTITGCACACAGGTTGAGCAC
TGTTGATACAGGTTCACCAG
TTATGACACAGAATGACCAS
TTTAAAAACAGGTGGACCAG
TTTTAAAACAGGATGAACAS
AGTTAACAGAGGTTTACCAG
TTTTCACGCAGGGTGACCAC
TTGGAACCCAGGTTGGCCAG
TTTTAAGAGGTGTTGACCAG
TTTAAAAACAAATTGACCAG
TTATAACAAAGGTGGACCAG
TTGAAACACAGGATGATCAG
TTTTAATACAGGTTGAACTG
ACTTAATACAGGTTGACTAG
TTTAAACCCAGGATGAACAG
TTTTCACTCAGGATGATCAG

TTTGAAAACATGTTGAGCAG
TTTTAACAAAGGATGATCAG
GTTTAAAACAGATTGAACAG
TTTTAGCCCATCTTGACCAS

GTTTATCACAGTTTGATCAG

TCTTAACCAAGGTTGACAAG
TTCTAAAACAGGATGACCAA

GGG

GGG

TGG

AGG
AGG
TGG
TAG
AGG

0.5652170841101696
0.5510024843096233
0.5489005024038461
0.5201522710152837
0.5185454009433962
0.48960364537292816
0.4239545902397261
0.41286955126728103
0.40477820121951225
0.40136906249999993
0.3881926555299539
0.38274039374999996
0.36325441952720205
0.3610598152070065
0.35580825000000005
0.3496418393782384
0.3491650482947961
0.34663125000000006
0.3212286945812808
0.3169752845971564
0.3144021138211383
0.3143215634146342
0.3119530748663102
0.3107636148648642
0.30360376884422124
0.2934064360848215
0.290133702510917
0.28858284703891707
0.2859910174180328
0.2775636111111111
0.27566748554913295
0.2694389276649746
0.26147521551724134

0.261261979428392
0.2608873235294118
0.25748289175977657
0.24219326338883384
0.23065496822033899
0.22814478609625663
0.22641406458750002

ENSGOD000126351

chra
chrig
chrx
chra
chrs
chrl
chr?
chris
chr20
chri1
chri7
chra
chri2
chre
chra
chrig
chrs
chr20
chra
chrx
chri2
chrl
chrg
chriz
chrio
chr?
chra
chrii
chri1
chra
chr1
chrio
chr7

chri
chria
chra
chré
chri
chré
chriz

KA,

B R e e

60162509
13845536
15394932
162698671
140302090
106057353
42077160
38186289
55656228
56582727
40090105
76978471
22934196
149421528
162763821
35406474
27863408
56927232
20691305
151120572
74744119
169320838
113257362
124995443
50627980
54424423
149823777
66646685
41586681
90099798
207838092
128962791
108684024

185295863
26868279
181039120
31316790
89838794
133404443
40010731

BB OB W OB WA R B B B W oW R BB BB B B B B B BB B B B BB B BB

B T Y

Liite 1
12 (18)

false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false

false
false
false
false
false
false
false



gRNA1_Exonis
Sequence
CTTCATGGTTCCTATAGGGC
TGCCATGCTCCTTATAGGGE
CTCTTTGTTTCATATATGGE
TTACATGATTCACATAGGGC
TGCCCTGCTTCATATAGGAC
CTCAATGCTTCATATAAGGT
ATGAATGCTTCACATAGGGEC
TTTCAATCTTCATATAGGGC
CTTTATTCTTTATATAGGGE
CTCCCTGETGCACATAGGGE
CTCCATGCTGAAAATAGGGT
CTACATTTTTCATATATGGC
ATGCATCCTTCACATAGGGC
CTGCCTGCTACATACAGGGC
TTCCATTCTTGATATAGGGT
TTTCATACTTCATAAAGGGC
CTGTATGCTTCATATAGGCA
CTCCCTACTTTATATAGGGE
CTGCCTGATTCATATIGGGC
CTCCGTGCTGGAGATAGGGE
CTCTTTGTTTCATATTGGEE
CTTCCTGCCTCATAAAGGGC
CTCTATGCTTCATATACAGC
CTGCAGBETTCATAAAGGGC
CTCCATGATTCATAAAGGAC
TTCCAAACTTCAAATAGGEC
CTCCTTGCTCCCCATAGGGE
ATCCATTCTTCAAATAGGGG
GTTCAAGCTTCATATAGTGC
TTCCATGCTTCATTTAAGGC

CTGCAAGCTTCCTATACGGC
CTCCAGGAATCATATAGGTC
CTCAATATTTCATATTGGGC
CTCCTTCCTCCATATGGGGE
ATCCATGCTACATATAGAGG
CTCCCTGCCTCGTATAGGCC
CTCAATGCTTTAAATAGGGT
CTCCATGTTTCATGTATGGC
CTCCATGTTTTCTATAAGGC
CCCCATGCTTCTGATAGGGA
CTCCATGTTAAATATAGTGC
CTCCAAGCTCCTAATAGGGT
CTCCCTGCTCCTTATAGTGC
CTAAATGCTTCGTATTGGGE
CACCATGAATCATTTAGGGC
TTCCATGCTTGATATATGAC
CCCCATGCTTCATGAAGGGC
CCCCATGCTTCATGAAGGGC
CCCCATGCTTCATTCAGGGC
CTCCAGGCTGCAGATAAGGC

gRNA2_Intron(Exon18)
Sequence
TCCCTCTCTTTAACATCCAT
TCCCTCTCTGTAACATCCCT
GCAATCTCTTTAACATCCAC
GCCTGCTTTGTGACATCCAT
TCCATCTATGTAACATGCAT
CCCCTCTGTGTATCATCCAT
ACCATCTGTGTAACATCCCT
GACATCTGTGTAACATCCTT
GTCATCTCTCTAACATCCCT
GCAGCCTCTATAACATCCTT

PAM

TGG
GGG
AGG
AGG
AGG

AGG
AGG

Score
1.4424300469483569
0.7952131773399015
0.6823694029850746
0.6696482142857143
0.6562499999999999
0.6476337579617835
0.6442587085308057
0.5973124853395062
0.5764126387987013
0.5449661748927038
0.480015672413793
0.46415191300251263
0.45290758664634156
0.42710059285714286
0.34547530617331285
0.3331424510362695
0.30156918749999995
0.3011362294451872
0.3005828358208956
0.29988213151595744
0.29601449275362324
0.2805782041463415
0.2762504816955684
0.27250575
0.27140101522842636
0.26999732479265404
0.2681233580472103
0.2459593494103774
0.2353260296610169
0.23140870488322718

0.21298606541666665
0.2023523025914634
0.19834514218009486
0.18096060950704235
0.17301148403225805
0.17299642499993995
0.17247380625000003
0.17056885758993436
0.16354535207423582
0.16163259557142856
0.16005111154708515
0.1581422977703975
0.15586178275862067
0.15562951727748695
0.15370921208530808
0.14532328125
0.1397252302025783
0.1397252302025783
0.1397252302025783
0.13885514265184862

Score
2.73849765258216
1.414893617021276
0.7889170875000002
0.7587662337662339
0.7577693370165746
0.6725304878048782
0.664016272189349
0.6412499999999998
0.6044062499999999
0.5693101686452514

Gene

ENSG00000173452

ENSGO0000066034

ENSGO0000237382

ENSG00000259581
ENSGO0000092445

Gene

ENSGO0000111713

ENSGO0000197885

Chromos.

chrg
chri4
chris
chri3
chrz
chr1o
chri3
chrd
chr3
chr19
chrl
chrl
chré
chrl
chra
chrs
chra
chrx
chrl
chr?
chris
chriz
chri4
chrs
chri3
chra
chril
chrx
chrx
chra

chril
chrs
chra
chrig
chril
chrl
chr2
chrl
chri7
chr2o
chri
chrs
chri
chr3
chrig
chr3
chris
chris
chrl
chri7

Chromos.

chrg
chriz
chr2
chra
chr3
chra
chrg
chrs
chrii
chrg

Strand

-

Strand

Position
130683455
102554249

85112984
70849495
147684302
19329843
93757824
8409922
62533059
5035210
208414277
175249600
45462995
165530954
101070078
4243036
9398954
28418235
65340397
19772639
40268584
50747952
65986630
149519063
86007561
18868614
72738503
3595757
112057499
139116427

64659156
36488302
114539892
67477158
25751620
41740881
166472695
148172600
18312814
43343966
90793683
132061993
216749067
117477317
13483260
31598225
76259889
41572501
143553027
34445795

Position

103369933
21604561
160920578
12185084
23891856
121781828
69962896
96924026
7948203
101129510

Mismatches

WoR B R R W R W R B R B R R BB B BE R W R BB B W R BB R

I T T S T S I ST T S I

Mismatches
3

I T S R )

Liite 1
13 (18)

On-target
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false

false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false

On-target
false
false
false
false
false
false
false
false
false

false



CACGTTTCTGAAACATCCAT
ACCGTCTTCGAAACATCCAT
GCCTCATCTGTAACATCCAA
GCTGACTCTGAAACATCCAA
GCATTCACTGTAACATTCAT
TCCTTCTCTGTGACATCCAG
GACTTCTCTGTGACATCCAC
GCCTTCTCTGTAACTTCCAC
TCCTTTTCTGTAACATTCAT
GTCCTCACTGTATCATCCAT
TCCCTCTCTGAAACATACAT
GCAATCTCTGTCACATCCAG
GCTGGCTCTGTGACATCCAG
GCAATCACTGTAACATCCCT
GCCTTCTGAGTAACATACAT
GTCATTTCTGTACCATCCAT
ACTGTCTCTTTAACATCAAT
GACCTCTCTGTATCATCCAA
CCCTTCTCTGTTTCATCCAT
GCTCTCTCTGTACCATCCAG
GCAGTCACAGTAACATCCAA
GCCAGCTCTCTAACATCTAT
GGAGTCTCTGTGCCATCCAT
GCAGTCTCTGAAACACCCAT
TCTGTCTTTGTAACAGCCAT
GCTGCCTCTGTTCCATCCAT
ACCGTCTATGTATCATTCAT
TCCATTTCTGTAACTTCCAT
GCAGTCTCTGTCACAGCCAT
GCCGTCTCTAAAACATCAAT
TCTGTCTCTGTAACATACTT
GCAGTTTCTGTAAAATCCAT
CCAGTCTCTGAAACCTCCAT

GCCATATCTGTAAGATCCAT
GCCCTCTCTGTAAAATCCAA
GCAGTCAGTGTAACATCTAT
GCCCTCTTTGTAACTTCCAC
GCCCTCTATTTAAAATCCAT
GCCATCACTGTGTCATCCAT
GCCATCCCTGTGTCATCCAT

0.5512435195852533
0.5417316423766315
0.480623161764706
0.47540606249999925
0.47367297788461543
0.47154629032258066
0.4539731366459627
0.4508203821656052
0.44853800675675676
0.4420861795774648
0.43493124999999223
0.43153544640718566
0.4264285180473374
0.41296377356557373
0.4087925304878042
0.38795625
0.37519823343195263
0.3615803066037736
0.3443219543147208
0.3435538847727274
0.34148900556012574
0.33669541884816745
0.33274519925373136
0.32934579005524367
0.32657918918918927
0.3169752845971564
0.29653334497206707
0.29321002538071067
0.2919605922651934
0.2871102895927601
0.2859017428691275
0.285748972927242
0.28241505

0.27849674796747975
0.2506426751592357

0.2436414940414508

0.22750328571428574
0.22121190610859728
0.20963286549773755
0.20963286549773755

ENSGO0000107201

ENSGO0000235820

ENSGO0000226921

ENSGO0000172667

ENSG00000158023

chr2
chr21
chra
chrx
chrii
chrzo
chri7
chri3
chrs
chra
chr?
chr2z
chré
chris
chri4
chr3
chrz
chrs
chria
chr3
chrig
chria
chra
chr2
chri3
chris
chra
chri
chra
chri?
chr3
chrx
chriz

chris
chrs
chr3
chrs
chr7?
chrii
chr3

1
-1

237743932
23753786
32456138

100373979

3608209
5535659
37723561
20668487
40377453
74871149

115446052
21251636
41534652
95076672
38874879

147666164
83681549

168860994
21892798

119364032
16621532
98943402

120482198

105954705

113878520
98609312

181237271
67669386
96408367
51945251

179021655

146285664

121953829

B4994785
173248911
43635421
51510878
111436272
134343911
101817496

oW R W oW B A B B W R BB BB B BB B B BB B BB W R AR BB BB

O o L I AT

Liite 1
14 (18)

false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false

false
false
false
false
false
false
false



Axl

gRNA1_Exonl7
Sequence
TTCATGGCAGACATCGCCAG
ATGAGGGCTGACATTGCCAG
TTCATGGGTGACATTGCCAT
TCCATGGAAAACATTGCCAG
TCTCTGGCCGTCATTGCCAG
TGCAGBGCCOGCATTGCCAG
TTAATGGTTCACATTGCCAG
TCCATGGGCAACATTGCCAA
TTCAGGGACTCCATTGCCAG
GCCATGGCCCACATTGGCAG
TTTCTGGCCCAAATTGCCAG
TTCATGGTGGACATTGCCTG
TTCATGGTGGACATTGCCTG
TGCCTGGCCCACCTTGCCAG
TTATTGCCAGACATTGCCAG
CTCCTGGCTGGCATTGCCAG
TTCCTGGACTACTTTGCCAG
TTCAAGGTCTACCTTGCCAG
TGCCTGGCTGACATTGCCAA
TCCCTGGCTGACATTECCAC
TTCACTTCCCACATTGCCAG
ATCAGTGCCGACATTGCCAC
TTCAGGGTTGCCATTGLCAG
TTCTTGGCTCCCATTGCCAG
ATCATGGCCTTCATTGCCAA
TTCAAAGCCTACATTGCCAT
TTGATTGCCAAAATTGCCAG
CTCATGGCTTACATTGGCAG
TTCCTGGGCCACATAGCCAG
TGCATGGCAAACATTGACAG

TTCATGGTTCACATTGCCAT
TCCATGGCAGACATTTCCAG
TTAATGGCGCACATTGGCAG
CTCATGGCCAGCATTGGCAG
TTCATGGCCCACATTGCCGT
TCCATGCCAGGCATTGCCAG
TTAATCACAGACATTGLCCAG
TTCTTAGCCAACTTTGCCAG
TTCTTGGCCAGCTTTGCCAG
TTCCTGGCCAGCGTTGCCAG
TTCTTGGCCAGCTTTGCCAG
TTCTTGGCCAGCTTTGCCAG
CTCATGGGCCACATTCCCAG
TTCAGGCCCCACATGGCCAG
TTCTTGGCCCACATTGCCCT
TTCAGGGCTGGAATTGCCAG
TTCCTGGCAGAGATTGCCAA
TTCAGGGCCAACATTGCCCT
TACCTGGCCCACACTGCCAG
TCCAGGGCCCACAGTGCCAG

gRNA2_Intron(Exon17)
Sequence
GCTGCGGAGECGCCGAAGCA
GCTGCGGAGGCGCCCAAGGA
GGTCTGCAGGCCCOGAAGGA
GCTGGEAAGGCGGCGAAGGA
GCTCTGCGGGCGGLGAAGGA
GAGGCTGAGGCGCCGAAGGA
CCTGAGCAGGTGCCGAAGGS
CTTGAGCAGGCGCCCAAGGA
GCTGGGCAGGCACCTAAGGA
GCAGTGCAGGGGCCGAGGGA

PAM

AGG

AGG

AGG
TGG

PAM
GGG
CGG
GGG
CAG
GGG
GGG
CGG
CAG
AAG
CAG

Score
1.0954971830985916
0.9211218347639482
0.853783597883598
0.8530762500000001
0.8513130458515282
0.8239772341628957
0.8201921074170124
0.7908688222543354
0.7432610969387754
0.7301786488439308
0.7267957952054795
0.6187538071065989
0.6187538071065989
0.6134160326086957
0.5032362455246915
0.5618890988372092
0.5593705671806168
0.5449661748927038
0.5435201721556888
0.5435201721556888
0.5358830991847826
0.5318137943786984
0.4890937499999992

Gene
ENSG00000167601

ENSGOD0000259581
ENSG00000092445
ENSG00000265222

0.46166999961099575

0.4493211240754438
0.4426539319852942
0.4318242550930494

ENSG00000107611
ENSGD0000238189

0.41273836213235293 ENSG00000100796

0.4089882558139535

0.39990711771373055

0.39619529440165885
0.384729865125241
0.3824197220436558
0.3742096415441176
0.3737530317073171
0.3634828401707048
0.3590476786875
0.34443949257287004
0.30773930526746723
0.30773930526746723
0.30773930526746723
0.30773930526746723
0.29546740837696345
0.2742368269178083
0.25203740625
0.24868882374476983
0.24403164713114753
0.24349376536016948
0.24322304104477618
0.24082675492610836

Score
2.1743377659574468
1.3800936507936508
0.7859865470852018
0.7574808954751132
0.61275
0.5829194134036145
0.5185454009433962
0.4896153846153846
0.40736
0.3971217708333333

ENSGO0000261143

Gene
ENSG00000130307
ENSGO0000261221

ENSG00000269883

Chromos. Strand
chris 1
chrio -1
chrs 1
chrz -1
chre -1
chri 1
chril 1
chrx -1
chr22 -1
chra 1
chr4 1
chris -1
chris 1
chri7 -1
chri 1
chria 1
chr2 1
chr21 -1
chri7 -1
chrig -1
chr7 -1
chrg 1
chri 1
chri 1
chri1 -1
chrio -1
chri3 -1
chria 1
chri7 1
chrs -1
chrl 1
chré -1
chria -1
chr2o 1
chrs -1
chr2 -1
chrs -1
chria -1
chr22 1
chrl -1
chria -1
chria 1
chris 1
chril -1
chré 1
chrg 1
chr22 1
chrls 1
chrii 1
chris -1
Chromosor Strand
chrig 1
chrig 1
chrs -1
chrl4 1
chria -1
chrl -1
chrg 1
chra -1
chr22 1
chr2 -1

Position
41253643
96479295
28744355
13230637

122734299
116417685
123325045
150842200
19674860
12928948
124199988
76259796
41573046
32510660
108679764
66272921
80191136
39652335
81037500
57932982
9963051
76537958
55931196
168093089
131725136
16904059
43459279
91473244
20555942
52877687

218905731
103448305
45828807
1037129
66300101
76821626
91517515
49441079
15643873
32744048
19480450
18921498
93830822
75350838
69240280
92638850
44574188
53207385
77011463
77982006

Position
17258705
55615040
14417025
77141307
52951152
39408861
136743367
123412165

19764723
127653047

Mismatches

B A B BB BB B BB B B B B B WA B oW A

2

bW B BB B oW BN

[x)

o e e e R e e e N O S N O T

Mismatches

Liite 1
15 (18)

On-target
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false

false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false

On-target
false
false
false
false
false
false
false
false
false
false



GCTTAGCAGGGGACGAAGGA
GCTCCGCAGCTGCCGAGGGA
GAGGCGCAGGCTGCGAAGGA
GCTTCAAAGGCGCCGAAGGC
GCTGCACAGGCCACGAAGGA
GLTEGGEAGEEECCGAAGGE
GCTAGGCGGGLGCCGTAGGA
TCTGCTCAGACGCCCAAGGA
CCTCCGLCEGLEIGEAAGGA
GCTEGGLCTECGCCCAAGGA
GCTEGGLCTGCGCCCAAGGA
CCTGGGCAGGCTCCAAAGGA
GCTGTGCATGTTCCGAAGGA
GCTGGGLAGGAGCAGAAGGA
GCTGCACAGGCACCAAAGGA
GLCGCGCGGEEIELCCAAGGS
TCTGCACAGGCTCCGAGGGA
GCTTTGCAGGCTCCTAAGGA
GCTTCGCTGCCGCAGAAGGA
GCAGCGCAGGCGCAGAGGGA
GCTGCCCCGELGLCEACGGG
GCTGETGCAGGGGLCGAGGEG
GLCGGGLAGGAGCCGGAGGA
GCTGAGCAGGCGAGGAAGGA
GGGGCGCAGGCCCCGCAGGA
TETGCCCAGGLGLTGAAGGA
GCTGAGCCGGGGECCGCAGGA
GCACCGLAGGLGCCGAGTGA
GCTTCCCAGGGGCCCAAGGA
GLTEGGEAGGCGCCAAAGGG
CCTGTGCAGGTGCAGAAGGA
TCTGCGCTGGGGCAGAAGGA
GETGGEGCAGETGCAGAAGGA

GGTEGGCAGGGECAGAAGGA
AATGCGCAGGCGCCGECGGA
GCTCCAGAGGCGCCGAAAGA
ACTGCGCCGGCGLCGGCGGA
TCTGCGCAGECGGCGATGEG
CCTGECGCAGGTGCCAAAGGG
GCTGTGCAAGCGCCCAAGGT

GGG

AGG
sele}
GAG
TGG
GAG

GGG
TGG
TGG

AGG
GAG
AGG

GGG
GGG
GGG
AGG
TGG6
CAG

0.3493934075342465
0.34199074618302436
0.33274519925373136 ENSG00000135333
0.3282656194852941
0.31B5871877729258
0.3011362294451872 ENSGO0000140398
0.29601449275362324 ENSG00000080644
0.2756432506476684
0.2667399497487438 ENSGOO00D096872
0.261592937215731

0.261592937215731
0.25119625668449197 ENSG00000100226
0.24868882374476983
0.2458849765258216
0.23719635680751178
0.23228220088757404 ENSGOO000149596
0.23065496822033899
0.22914000000000004
0.22121190610859728
0.20706664932562627
0.1890845056352459
0.17345768698770492
0.17195650384615385 ENSGOO000187122
0.1714549295774648
0.16243299344262296
0.16137766959799 ENSG00000132199
0.15966021126760566 ENSGO0000242802
0.156841823964497
0.15338812499599996
0.1519124593575419
0.15107740384615384
0.14656763059701494
0.14656763059701494

0.14656763059701494
0.1465271739130435
0.1445886300251256 ENSG0O0000233101
0.13636343930635844
0.13579226054447854
0.135559856595092
0.13292780778688526 ENSGO0000006451

chrl
chr22
chré
chrl7
chri4
chrls
chris
chri1
chrg
chr2
chr2
chr22
chr7
chr17
chr20
chr20
chr2
chrg
chri7
chrx
chrl7
chr2
chrl0
chrx
chrl
chris
chr7
chrd
chri7
chrla
chrl
chra
chr2

chre
chrs
chri7
chré
chrl
chra
chr7

[T . [

.

7515709
37930512
93419250
81397508
93774601
75355530
78621266

4637337
26956501

110584176
109787315
38732612
25525831
74388189
30168034
44160140
10860794
25179929
68053515
48004109
4950140
219510935
97060747
153554854
116570645
688589
4792698
150254186
78130101
95875675
223505062
146235759
19727928

17406352
177312530
48601652
107028187
207823670
98948776
39624395

A OER B B B R BB B WA BB WA A BB W WA BB BB B B B WR B A A

o S S

Liite 1
16 (18)

false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false

false
false
false
false
false
false
false



Nrgl

gRNA1_Exon2

Sequence PAM  Score
CTGCCATCTCATAAAGTGTA CAG  8.511956521739131
AAACCATCTAATAAAGTGTG TGG  2.7001586854460093
AAGCGATCTCATAAAGTGTT GGG 1.9857142857142858
CTGGCATCTCATAAAGTGTA CAG  1.8730496453900711
CAACCATCAGATAAAGTGTG GGG 1.5345273004366813
GGBGCATGTCATAAAGTGTG TGG  1.4905857740585773
CATA2 1022683397685
- Asiakirja tallennettiin viimeksi Juuri nyt T
CTGTCATCAGATAAAGTGTG AGG  0.8831406112334801
CACCCATCTCAAAAAGTGTT GGG 0.859852880536913
TAGGCATCTTTTAAAGTGTG AAG  0.8549247359154928
CAAGCTTATCATAAAGTGTG CAG  0.846663575697211
CAAGCTTATCATAAAGTGTG CAG  0.846663575697211
CATCTATCATATAAAGTGTG CAG  0.3411331825
GAGCAATTTCAGAAAGTGTG TGG  0.8228873239436619
CAGGCATCTCTGAAAGTGTG AGG  0.7825248868778281
CCAACATCTCAGAAAGTGTG CAG  0.774982735426009
CCCCCATCTTACAAAGTGTG TGG  0.754352033886256
CAGGAATATCATAAAGAGTG AAG  0.6323694029850746
CAGTAATTTCATAAAGAGTG AGG  0.6823694029850746
CTGGCATCTCATAAATTGTG CAG  0.5295724470134877
CAGTGATTTCATCAAGTGTG AAG  0.61275
CAGTGATTTCATCAAGTGTG CAG  0.61275
CAGCCATCTCCTAAACTGTG CAG  0.5045800000000001
CAGTCATCTCAGAAAGTGAG AGG  0.5948727272727273
CACCCAAAACATAAAGTGTG AAG  0.5934672375
CTGCCATTTAATAAAGTGAG CAG  0.5773936801675977
CATTCATCTTATAAAGTGGG GAG  0.5757430519067795
CATCCAGGTCATAAAGTGTA TGG  0.5527260988259669
CAGCTAAATCTTAAAGTGTG AAG  0.5467283653846153
TATCCATCTCCTAAAGTGTT GGG 0.5244802366935484
CTTCCCTCTCCTAAAGTGTG TGG  0.5242007375
AACCCATTTCATAATGTGTG TGG  0.492870942408377
GAGACATCTCTAAAAGTGTG GAG  0.47452500000000003
AAGGCATCTCAGAAAGTGTT AAG  0.47154629032258066
AAGCAATCTCAGAAAGTGTC TAG  0.4655393312101911
CAGGCATCAGGTAAAGTGTG TGG  0.46166999961099575
CAGCCTCCTCATCAAGTGTG TGG  0.4422663602620088
AACCCATCTCTTAAAGAGTG AGG  0.43384979588150285
CAGCAAGCTTATAAAGAGTG CAG  0.41679796603260877
AAGCCAGCTGATAAAGTGAG CAG  0.41280946875
ATGCCATTTCATAAAGTITA AGG NA4nRf3333333333332

GAGC| Asiakirja tallennettiin viimeksi Juuri nyt 1139423076923

CAGCCATGAAATAAAGTGTC
AAGCTATCTCTTAAAGTGGG
CTGCCATCTCATAAAGTATA

CAGGGATCTCTTTAAGTGTG
CAGCAGCCACATAAAGTGTG
GAACCATCTCAGCAAGTGTG
TAACCATCTCAAGAAGTGTG

BRNAZ_Intron(Exon2)
Sequence
AAATATTAAGCAACACCAGG
ATGTATTAAGGTACACCAGG
AGCTCCTGAGGAACACCAGG
TGGTATTGAAGAACACCAGG
AGCTATTGTTGAACACCAGG
ACTTATTAAGGAACACCATG
AGCAAGAAAGGAACACCAGG
AGAAATACAGGAACACCAGG
CTCTGTTAGGGAACACCAGG
TCCTATTTAGGAACACCAGT

AAG
TAG
CAG
GGG
GGG

CAG

PAM
AGG
GGG
GAG
GGG
CAG
GAG

0.39619529440165885
0.37746306818181813
0.36711773043645385
0.3493534075342465
0.3472741024372587
0.3429835130769231
0.3429835130769231

Score
1.6271314553990606
1.4987199999993998
1.4680715197956575
1.463858653846154
1.3248933085501855
1.320181208053691
1.002622848020434
0.9635031626506027
0.9422889610383611
0.9343160377358491

Gene

ENSGO0000272746

ENSG00000213064

ENSG000001241398

ENSG00000118200

Gene

ENSGO0000181830

Chromos. Strand

chr22 -1
chrx 1
chrid -1
chri3 1
chr2 -1
chrig 1
chri2 1
chri 1
chrl 1
chrl -1
chr2 -1
chry -1
chrX -1
chrio 1
chr2 1
chrs -1
chrz -1
chr2 1
chrd 1
chrX 1
chr22 -1
chr3 -1
chr2 -1
chrx 1
chrg 1
chré 1
chra -1
chré 1
chrl -1
chr3 -1
chri1 1
chra -1
chra -1
chra 1
chrd 1
chrid -1
chré 1
chr20 1
chri1 1
chri7 1
chri4 -1
chrl 1
chra -1
chra -1
chri2 1
chr21 -1
chr7 1
chri4 -1
chr2z -1
chri3 -1

Position
16624295
31035921
58565855
19512968
58924974
13526322

100538815
168251389
39925645
170504310
3380827
6133675
93017408
90917352
52592531
14744685
159750932
176112922
180561888
130748679
43288312
124777443
218365039
109533656
26437849
142119466
185437203
127000344
5041172
183594763

95850865
138876063
22338850
3272679
180528865
70809773
17914658
49023084
28968401
27500158
93642870
200860283
1103199329
84026349
55187337
10528814
142327101
103745130
20091840
66499468

Chromoso  Strand  Position

chr3 -1
chr7 -1
chril 1
chrio -1
chr7 -1
chril -1
chr7 1
chré -1
chr7 -1
chri2 1

182912250
130301621
18743893
698002599
131640986
45805966
1485708
40710387
67456422
83540848

Liite 1
17 (18)

Mismatches On-target
2 false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false

false

BOE R B OB WM R R WA R R R oW R E R E B oW R R R B W W W W

false

false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false

false

F O I T S S e S e N T T I

false

Mismatches On-target
3 false

false

false

false

false

false

false

false

false

BoE R W oW oW B oW oW

false



AAATAATGAGGAACACCAGG
AGGTATAAAGGAACACCAAG
ATTTTTTAAGGAACACCAGT
ATTTTTTAAGGAACACCAGT
AGGTCTTGAGTAACACCAGE
TTCTATTAATGCACACCAGG
AGTAATTAATGAACACCAGA
AGCTATTCAGAAACACCAGT
AACTTTTCAGGAACACAAGG
GTCTATAAAGAAACACCAGG
AGGTGTTTAGGAGCACCAGG
AGATCTTTAGGAACACCATG
AGCTATTAAAATACACCAGG
AGAAAAGAAGGAACACCAGG
TGATATTATGGAACACCAGT
AGCCATCAGTGAACACCAGG
AGCTCTGAGAGAACACCAGG
GGGTAGTAAGGAACACCAGA
AGCAGATAAGTAACACCAGG
AGGAAATAAGGAACACCAGA
TGCAATTAAGGGACACCAGT
AAATGTTAAGGAACCCCAGG
AGTTTTTCAGGAACTCCAGG
GGCTCTCAAGGACCACCAGG
TGCTATTAAATAACACCAGA
AGCTAGTAAGCCACACCAGG
ACTTATAAAGGAACACCATG
AGCTATTACTGAACTCCAGE
TGCTAGTCAGGACCACCAGG
AGATATAAAAGATCACCAGG
AGATATTAAAATACACCAGG
AGCCATTAGAGAACACTAGG
AGCTGCTAAAGAACACTAGG

AGCTTTCAAAGAACACCAAG
AGCTTGTCAGGATCACCAGG
GGCTCTTAAGGGACACCAAG
TTCTATTGAGGAACAGCAGG
AACAATTAAGGGTCACCAGG
AACAATTAAGGGTCACCAGG
AGCTAGGGAGAAACACCAGG

AGG
GAG
GAG

GAG
TGG
GAG

GAG
CAG
TGG
TAG

AGG
GGG

GAG
GAG

GAG
CAG
CAG
TAG
AGG
CGG

AGG
GAG

GGG

GAG

GGG
TAG

CAG
CAG

0.8745424382716048
0.8557380955414011
0.84606847543352602
0.8466847543352602
0.84394237012987
0.79521317733599015
0.7889170875000002
0.775531746031746
0.7256944444444444
0.62810188595348837
0.6207241438356165
0.6046321721311474
0.5921037100371745
0.5647740620136187
0.56287495966598113
0.5588694020663266
0.545509974128436
0.5370803625000001
0.49634789937759327
0.43550740771648045
0.47154629032258066
0.46373571428571425
0.4547746376811595
0.45054715909030914
0.4493211240754438
0.4414662025316454
0.4318421175
0.4030135375527426
0.33909374959995957
0.3904621776107877
0.3857571830927348
0.37649792057926834
0.3728007233231708

0.36200214951923076
0.3579853805012875
0.3387216257668711
0.33483606557377055
0.3341449507389162
0.3341449507385162
0.3229262975543478

ENSGO0000160172

ENSGO0000140396

ENSGO0000072403

ENSGO0000065923

ENSGO00000028853

chri1
chré
chri1
chri1l
chrx
chris
chr2
chré
chris
chrg
chre
chr3
chri0
chriz
chris
chr19
chr7
chris
chriz
chra
chr10
chrio
chr10
chr3
chr7
chrx
chr?
chrg
chriz
chré
chr2
chris
chra

chrg
chrl
chrio
chrg
chrx
chrx
chri1

75827065
161450125
67757004
3414235
151978614
45983463
137796631
55452943
89608175
70110438
99629761
163622673
27223016
6631116
99273145
11204003
149755678
41036380
67060981
130745737
76784457
69807397
21673369
107207926
71861398
46613336
136080152
22898948
128259673
109397786
12151713
41641033
90753382

101137183
27121017
118542356
127859380
36407178
35416858
104522328
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false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
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false
false
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PCR- ja sekvensointialukkeet

Liite 2
1(5)

Aluke ™ GC- | Pi- Etaisyys Sekvenssi

©C) | % tuus | gRNAL:sta
STK11, FWDpri- | 59,98 54,55 22 200 CAGGGCATTGTGCACAAGGACA
mer (150 bp)
STK11, REVpri- | 58,99 54,17 24 175 CATAAAGTAAGCACCCCCTAGCGG
mer (150 bp)
STK11, FWDpri- | 60,63 59,09 22 531 GCCTGTGGCCCACAGGAAAATG
mer (500 bp)
STK11, REVpri- | 60,05 59,09 22 494 GGTCAGTCAAGGTGGTTGACGC
mer (500 bp)
STK11, REVpri- | 56 66,67 18 CGGAGAAGGTGTCCAGGCC
mer (OL)
ULK1, FWDpri- 59,86 76,47 17 113 GAGTCCCCCGCGCCTTG
mer (150 bp)
UKL1, REVpri- 56,8 54,55 22 188 CGGGAGTCTGAACTGGAAAGTC
mer (150 bp)
ULK1, FWDpri- 59,33 57,14 21 393 GCCGCGGCTCTTTTGTTTCTC
mer (500 bp)
ULK1, REVpri- 59,85 57,14 21 509 GGCGACCTCCAAATCGTGCTT

mer (500 bp)
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ULK1, REVpri-
mer (OL)

57,8

66,6

18

GTGGCGGCCCTTGAAGAC

STING1,
FWDprimer
(150 bp)

57,46

52,17

23

159

GGCAAAAGAGGGATCAAGTCAGG

STING1,
REVprimer (150
bp)

58,51

54,55

22

148

gcaacatccttcatgccttggg

STING1,
FWDprimer
(500 bp)

56,33

57,14

21

563

CTCCTTGAACCTCTCTGGCTG

STING1,
REVprimer (500
bp)

57,33

54,55

22

498

cctgtaatcccageactttggg

STING1,
REVprimer (OL)

56,19

57,89

19

overlap 6

emasta

GCAGGATCAGCCGCAGATA

Ezh2, FWDpri-
mer (150 bp)

56,42

52,17

23

111

GGTCATGGTACTTCTGGTGAGTC

Ezh2, REVpri-
mer (150 bp)

54,09

50

22

151

GAGAGACATCCTGAAGTCTGTG

Ezh2, FWDpri-
mer (500 bp)

56,57

60

20

386

GGATTACTCAGCCTGCTGGG
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Ezh2, REVpri- 55,91 52,17 23 529 GGTGACTAAGATCTCCCTCACAC
mer (500 bp)

Ezh2, REVpri- 57,48 60 20 overlap 6 CTCCGCTGCTTCCACTCTTG

mer (OL) emasta

1111, FWDpri- 55,46 54,55 22 147 CCCTAGCTTACCTCACTCAGAC
mer (150 bp)

1111, REVprimer | 56,52 54,55 22 149 GCCCAAGAGAGAGAAGTGACTG
(150 bp)

1111, FWDpri- 55,44 57,14 21 406 CCTGAGACTCAAGACCTCCAG
mer (500 bp)

1111, REVprimer | 56,33 54,55 22 487 GCTCTGGCTCCAGAGTCTTTAG
(500 bp)

1111, REVprimer | 59,35 76,47 17 overlap 4 CAGCTGGTGGCCCAGGG

(OL) emasta

Hgf, FWDprimer | 55,1 45,83 24 178 CTAGGAGAAGCTTTAAGCCAGAAC
(150 bp)

Hgf, REVprimer | 56,4 57,89 19 171 CATGCAAGTTTGGGCCTCG

(150 bp)

Hgf, FWDprimer | 55,94 47,83 23 330 CAATCAAGTCACCATGGCTTACC

(500 bp)
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Hgf, REVprimer | 56,83 57,14 23 573 GAGACCACTGGTCAACCTGTG
(500 bp)

Hgf, REVprimer | 55,44 47,62 21 CTGGCATTTGATGCCACTCTT
(L)

Met, FWDpri- 56,06 55 20 217 GGTGTCACCTGCTGGTTTTG
mer (150 bp)

Met, REVprimer | 56,85 52,38 21 169 CAAGAGGGCAAGCAAACCAAC
(150 bp)

Met, FWDpri- 55,72 54,55 22 443 CTTCTCCCACCCCCACATATAC
mer (500 bp)

Met, REVprimer | 56,93 52,38 21 557 GCTTTTTATGAGAGCCGCACG
(500 bp)

Met, REVprimer | 54,64 43,48 23 overlap 4 CGAATGAAATTTCGCAGATCTCC
(OL) emasta

Axl, FWDprimer | 56,02 54,55 22 164 GCCCAAATCAGAGAGGAGTAGG
(150 bp)

Axl, REVprimer 57,13 57,14 21 145 CCTCCCAAAGGCTCCAGTTTC
(150 bp)

Axl, FWDprimer | 57,19 52,38 21 517 GAACAATTAGCAGCTGCGCAG

(500 bp)
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Axl, REVprimer | 57,02 57,14 21 579 CATCTCCTTGCTGGCCTTCTC
(500 bp)

Axl, REVprimer | 56,12 57,14 21 CAGGTACTCCATACCACTGGC
(L)

Nrgl, FWDpri- 56,35 60 20 106 CTCTTGAGCCGTGCTAGAGG
mer (150 bp)

Nrgl, REVpri- 56,84 47,83 23 152 GGAAAAAAAGCCAGGGGTTCATG
mer (150 bp)

Nrgl, FWDpri- 56,65 57,14 21 510 GCCTCAGGAGTGGGTATTTGG
mer (500 bp)

Nrgl, REVpri- 57,23 57,14 21 550 CCTTGCAGGTAAGCACTGAGG
mer (500 bp)

Nrgl, REVpri- 55,82 52,38 21 GTTTTCTCCTTCTCCGCACAC

mer (OL)
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Designing gRNA:s and PCR primers with Benchling

Creating a folder and importing the sequence

Create project folder by choosing “+” next to “Projects” (or use an already existing project).

Name the project and choose parameters in “manage collaborators” as you will. Then create project.
Import the sequence of the gene by choosing “+” on the left panel. Then choose “DNA Sequence” and
“New DNA sequence”. There are couple of ways how you can import the sequence. For example, you can
import the sequence in with file format (convert file) or by searching from external databases. If you
choose to use “Search External Databases” you can find the gene for example with genes name or ensem-
ble ID. Save the sequence to folder of choice.

Designing gRNA1

Open the sequence of the gene with left mouse click. You can go straight to the exon of interest from lin-
ear map if you use split workspace. You can turn it on from the right down corner. Otherwise, you can also
just scroll to the right exon.

Open the split workspace on the right down corner if it isn’t already activated. Activate the exon of inter-
est with left mouse click.

Choose the CRISPR tool from the right and click “DESIGN AND ANALYZE GUIDES” with left mouse click.
Check the guide parameters (length: 20, genome: CRCh38(hg38, Homo Sapiens)/CRCm38_Ensemblere-
lease_102(Mus musculus) and PAM: NGG (SpCas9, 3’ side)) and click “Finish” from the down right corner.
Check that the target is correct and click “+” (create) with left mouse click.

Wait until the program has calculated the “Off-Target Score”. Then you can arrange them in the order of
magnitude by clicking On-Target / Off-Target Score with left mouse click. Choose the “Guide Sequence”
which has the highest combination of On-Target and Off-Target scores and save it to the folder of choice.
Assemble the gRNA1 with “Assemble” tool by activating the guide sequence on CRISPR tool. You can use
bookmarked plasmids, plasmids from Benchling folders or upload a whole new plasmid. Then choose
next. Assemble the gRNAL1 to the folder of choice.

Designing gRNA2

1. Calculate a 500 base pair difference upstream and downstream from the gRNA1.
Activate an area around the spot which is 500 base pairs upstream from gRNA1 (for example 400-600
bp). Check the On-Target / Off Target scores with CRISPR tool as shown in designing gRNA1.

3. Activate an area around the spot which is 500 base pairs downstream from gRNA1 (for example 400-
600 bp). Check the On-Target / Off Target scores with CRISPR tool as shown in designing gRNA1.

4, Choose the guide sequence which has the highest On-Target / Off Target score combination up-
stream or downstream.

5. Save the guide sequence to the folder of choice and assemble it as shown in designing gRNA1.

Designing PCR primers

Calculate a 500/150 base pair difference upstream and downstream from gRNA1.

Find a sequence 500/150 base pairs (bp) upstream (forward primer) and downstream (reverse primer)
from gRNA1 which suits the following requirements (parameters can be seen in the bar below when the
sequence is activated with left mouse button):

- primer melting temperature 55-65 2C

- GC content 45-55%

- G/Cbase at the beginning and end of the primer

- length 18-24 bases

- maximum 1 2C melting temperature difference between forward and reverse primer.
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Activate the chosen sequence and create a primer by clicking right mouse button and choose “Create Pri-
mer”. Then choose “Forward” if you are designing the primer 500/150 bp upstream and “Reverse” if you
are designing the primer 500/150 bp downstream from gRNA1. Depending on the gene sequence the re-
quirement might have to be altered. Make sure that the difference is maximum 1 2C between forward and
reverse primer which are used together. Save the primer to a folder of choice.

Create a reverse primer (same requirements as above) which overlaps 5 bases with gRNA1 at the 3’ end.
Overlap primer is used with 150 bp forward primer.



Naytteen nukleotidipitoisuus ja sekvensointitulokset

Nayte ¢ (ng/ul) | Sekvensoinnin analysointi
lentiGuide Puro gRNA1, STK11 (1) 439,7 OK
lentiGuide Puro gRNA1, STK11 (2) 512,9 OK
lentiGuide Puro gRNA2, STK11 (1) 4426 OK
lentiGuide Puro gRNA2, STK11 (2) 437,4 OK
lentiCRISPRv2 gRNA1, STK11 (1) 614 OK
lentiCRISPRv2 gRNA1, STK11 (2) 435,7 OK
lentiCRISPRv2 gRNA2, STK11 (1) 505,7 OK
lentiCRISPRv2 gRNA2, STK11 (2) 364,1 OK
lentiCRISPRv2 gRNA1, ULK1 (1) 241,3 Ei linjaudu
lentiCRISPRvV2 gRNA1, ULK1 (2) 440,9 OK
lentiCRISPRvV2 gRNA2, ULK1 (1) 618,7 OK
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lentiCRISPRv2 gRNA2, ULK1 (2) 2239 OK
lentiCRISPRv2 gRNA1, STING1 (1) 2254 OK
lentiCRISPRv2 gRNA1, STING1 (2) 5114 OK
lentiCRISPRV2 gRNA2, STING1 (1) 63,1 Ei linjaudu
lentiCRISPRv2 gRNA2, STING1 (2) 152,7 OK
lentiCRISPRv2 CRISPR19-IEA (1) 534,9 OK
lentiCRISPRv2 CRISPR19-IEA (2) 590,2 OK
lentiCRISPRV2 gRNAL, Met (1) 581,8 OK
lentiCRISPRv2 gRNA1, Met (2) 324,2 Ei linjaudu
lentiCRISPRv2 gRNA2, Met (1) 642,2 OK
lentiCRISPRv2 gRNA2, Met (2) 642,1 Ei linjaudu
lentiCRISPRv2 gRNAL1, Hgf (1) 625,9 OK
lentiCRISPRv2 gRNAL1, Hgf (2) 587,4 OK
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lentiCRISPRv2 gRNA2, Hgf (1) 621,8 Ei linjaudu
lentiCRISPRv2 gRNA2, Hgf (2) 620,3 OK
lentiCRISPRv2 gRNA1, Ezh2 (1) 751,4 Ei linjaudu
lentiCRISPRv2 gRNA1, Ezh2 (2) 744,4 OK
lentiCRISPRv2 gRNA2, Ezh2 (1) 674 Ei linjaudu
lentiCRISPRv2 gRNA2, Ezh2 (2) 636,1 Ei linjaudu
lentiCRISPRv2 gRNAL, 1111 (1) 640,3 OK
lentiCRISPRV2 gRNAL, 1111 (2) 536,8 OK
lentiCRISPRv2 gRNA2, 1111 (1) 646,7 OK
lentiCRISPRv2 gRNA2, 1111 (2) 601,4 OK
lentiCRISPRv2 gRNA1, Axl (1) 664,5 OK
lentiCRISPRv2 gRNA1, Axl (2) 551,2 OK
lentiCRISPRv2 gRNA2, Axl (1) 644,9 OK
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lentiCRISPRv2 gRNA2, Axl (2) 728,6 Ei linjaudu
lentiCRISPRv2 gRNAL, Nrgl (1) 698,2 OK
lentiCRISPRv2 gRNAL, Nrgl (2) 336,3 Ei linjaudu
lentiCRISPRv2 gRNA2, Nrg1 (1) 583,9 OK
lentiCRISPRV2 gRNA2, Nrg1 (2) 593,7 OK
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Konstruktien sekvenssit

STK11
lentiGuide Puro gRNA1, STK11 (1)

TTYSGATTTCTTGCTTATATATCTTGTGGAAGGACGAACACCGAGGCCGTTGG-
CAATCTCGGGGTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGCTAGTCCGTTATCAACTTGAAAAAG
TGGCACCGAGTCGGTGCTTTTTTAAGCTTGGCGTAACTAGATCTTGAGACAAATGGCAG-
TATTCATCCACAATTTTAAAAGAAAAGGGGGGATTGGGGGGTACAGTGCAGGGGAAAGAATAGTAGA
CATAATAGCAACAGACATACAAACTAAAGAATTACAAAAACAAATTACAAAAATT-
CAAAATTTTCGGGTTTATTACAGGGACAGCAGAGATCCACTTTGGCGCCGGCTCGAGGGGGCCCGG
GTGCAAAGATGGATAAAGTTTTAAACAGAGAGGAATCTTTGCAGCTAATGGACCTT-
CTAGGTCTTGAAAGGAGTGGGAATTGGCTCCGGTGCCCGTCAGTGGGCAGAGCGCACATCGCCCAC
AGTCCCCGAGAAGTTGGGGGGAGGGGTCGGCAATTGATCCGGTGCCTAGAGAAGGTGG-
CGCGGGGTAAACTGGGAAAGTGATGTCGTGTACTGGCTCCGCCTTTTTCCCGAGGGTGGGGGAGAA
CCGTATATAAGTGCAGTAGTCGCCGTGAACGTTCTTTTTCGCAACGGGTTTGCCGC-
CAGAACACAGGTAAGTGCCGTGTGTGGTTCCCGCGGGCCTGGACTCTTTACGGGTTATGGGCCCTTG
CGTGCCTTGATTACTTCCACCTGCTGCAGTACGTGATTCTTGATCCGAGCTT-
CGGGTGGAAGTGGGTGGGARAGTTCGAGGCTTGCGCTTAAGAGCCCTTCGCCTCTGCTTGATGAGC
TGCTGGGCGCCTGGGCGCCGCGKGGCGAATYTRGTGRGCACTTCGCGCCTGGAAY

lentiGuide Pur gRNAL, STK11 (2)

AYCGAATTCTTGCTTTATATATCTTGTGGAAGGACGAACACCGAGGCCGTTGG-
CAATCTCGGGGTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGCTAGTCCGTTATCAACTTGAAAAAG
TGGCACCGAGTCGGTGCTTTTTTAAGCTTGGCGTAACTAGATCTTGAGACAAATGGCAG-
TATTCATCCACAATTTTAAAAGAAAAGGGGGGATTGGGGGGTACAGTGCAGGGGAAAGAATAGTAGA
CATAATAGCAACAGACATACAAACTAAAGAATTACAAAAACAAATTACAAAAATT-
CAAAATTTTCGGGTTTATTACAGGGACAGCAGAGATCCACTTTGGCGCCGGCTCGAGGGGGCCCGG
GTGCAAAGATGGATAAAGTTTTAAACAGAGAGGAATCTTTGCAGCTAATGGACCTT-
CTAGGTCTTGAAAGGAGTGGGAATTGGCTCCGGTGCCCGTCAGTGGGCAGAGCGCACATCGCCCAC
AGTCCCCGAGAAGTTGGGGGGAGGGGTCGGCAATTGATCCGGTGCCTAGAGAAGGTGG-
CGCGGGGTAAACTGGGAAAGTGATGTCGTGTACTGGCTCCGCCTTTTTCCCGAGGGTGGGGGAGAA
CCGTATATAAGTGCAGTAGTCGCCGTGAACGTTCTTTTTCGCAACGGGTTTGCCGC-
CAGAACACAGGTAAGTGCCGTGTGTGGTTCCCGCGGGCCTGGCCTCTTTACGGGTTATGGGCCCTT
GCGTGCCTTGAATTACTTCCACCTGGCTGCAGTACGTGATTCTTGATCCCGAGCTT-
CGGTTGGAAGTGGGTGGAGAGTTCGAGGCTTGCGCTTAAGAGCCCTTCGCCTCGTGCTGAGTGAGG
CTGCTGGGCGCTGGGGCAGCGCGTGCGATCTGTGCACCTCGCGCCTGWYCGCTGCTTCGA-
WAAGYCTYTAGC

lentiGuide Puro gRNA2, STK11 (1)

AYSATTCTTGTCTTTAWATATCTTGTGGAAGGACGAACACCGTTCGAAGGGG-
TACAGACCCGGTTTTAGAGCTAGRAATAGCAAGTTAAAATAAGGCTAGTCCGTTATCAACTTGAAAAA
GTGGCACCGAGTCGGTGCTTTTTTAAGCTTGGCGTAACTAGATCTTGAGACAAATGGCAG-
TATTCATCCACAATTTTAAAAGAAAAGGGGGGATTGGGGGGTACAGTGCAGGGGAAAGAATAGTAGA
CATAATAGCAACAGACATACAAACTAAAGAATTACAAAAACAAATTACAAAAATT-
CAAAATTTTCGGGTTTATTACAGGGACAGCAGAGATCCACTTTGGCGCCGGCTCGAGGGGGCCCGG
GTGCAAAGATGGATAAAGTTTTAAACAGAGAGGAATCTTTGCAGCTAATGGACCTT-
CTAGGTCTTGAAAGGAGTGGGAATTGGCTCCGGTGCCCGTCAGTGGGCAGAGCGCACATCGCCCAC
AGTCCCCGAGAAGTTGGGGGGAGGGGTCGGCAATTGATCCGGTGCCTAGAGAAGGTGG-
CGCGGGGTAAACTGGGAAAGTGATGTCGTGTACTGGCTCCGCCTTTTTCCCGAGGGTGGGGGAGAA
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CCGTATATAAGTGCAGTAGTCGCCGTGAACGTTCTTTTTCGCAACGGGTTTGCCGC-
CAGAACACAGTAAGTGCCGTGTGTGGTTCCCGCGGGCCTGGCCTCTTTACGGGTTATGGCCCTTGCG
TGCCTTGATTACTTCACCTGGCTGCAGTACGTGATTCTTGATCCGAGCTT-
CGGTTGGAAGTGGGTGGGARAGTCGAGTCTTGCGCTTAAGAGCCCTTCGCCTCGTGCTGATGAGCT
GCTGGGCGCTGGGCGCGCGKGRCGATCTGRKGAMCTTCCCGCCKGWYTCGCKKGCTTTTS

lentiGuide Puro gRNA2, STK11 (2)

AATSGKATTCTTGGCTTTATATATCTTGTGGAAAGGACGAACACCGTTCGAAGGGG-
TACAGACCCGGTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGCTAGTCCGTTATCAACTTGAAAAAG
TGGCACCGAGTCGGTGCTTTTTTAAGCTTGGCGTAACTAGATCTTGAGACAAATGGCAG-
TATTCATCCACAATTTTAAAAGAAAAGGGGGGATTGGGGGGTACAGTGCAGGGGAAAGAATAGTAGA
CATAATAGCAACAGACATACAAACTAAAGAATTACAAAAACAAATTACAAAAATT-
CAAAATTTTCGGGTTTATTACAGGGACAGCAGAGATCCACTTTGGCGCCGGCTCGAGGGGGCCCGG
GTGCAAAGATGGATAAAGTTTTAAACAGAGAGGAATCTTTGCAGCTAATGGACCTT-
CTAGGTCTTGAAAGGAGTGGGAATTGGCTCCGGTGCCCGTCAGTGGGCAGAGCGCACATCGCCCAC
AGTCCCCGAGAAGTTGGGGGGAGGGGTCGGCAATTGATCCGGTGCCTAGAGAAGGTGG-
CGCGGGGTAAACTGGGAAAGTGATGTCGTGTACTGGCTCCGCCTTTTTCCCGAGGGTGGGGGAGAA
CCGTATATAAGTGCAGTAGTCGCCGTGAACGTTCTTTTTCGCAACGGGTTTGCCGCCAGACA-
CAGGTAAGTGCCGTGTGTGGTTCCCGCGGGCCTGGCCTCTTTACGGGTATGGCCCTTGCGTGCCTT
GAATTACTTCCACCTGGCTGCAGTACGTGATTCTTGATCCCGAGCTT-
CGGGTTGGAAGTGGGTGGARAGTTCGAAGTCTGCGCTAAGGAGCCCTTCGCCTCGTGCTTGAGTGA
GGCTGCTGGCGCTGGGGCCGCCGCGTGMGAATYTAGGKGCAMCTTCSCCGCCCTGGTTYYCST

lentiCRISPRv2 gRNA1, STK11 (1)

ATTCGAWTCTTGGCTTTATATATCTTGTGGAAGGACGAAACACCGAGGCCGTTGG-
CAATCTCGGGGTTYTAGAGCTAGAAATAGCAAGTTAAAATAAGGCTAGTCCGTTATCAACTTGAAAAA
GTGGCACCGAGTCGGTGCTTTTTTGAATTCGCTAGCTAGGTCTTGAAAGGAGTGGGAATTGG-
CTCCGGTGCCCGTCAGTGGGCAGAGCGCACATCGCCCACAGTCCCCGAGAAGTTGGGGGGAGGGG
TCGGCAATTGATCCGGTGCCTAGAGAAGGTGGCGCGGGGTAAACTGGGAAAGTGATGTCGTG-
TACTGGCTCCGCCTTTTTCCCGAGGGTGGGGGAGAACCGTATATAAGTGCAGTAGTCGCCGTGAACG
TTCTTTTTCGCAACGGGTTTGCCGCCAGAACACAGGACCGGTTCTAGAGCGCTGCCACCAT-
GGACAAGAAGTACAGCATCGGCCTGGACATCGGCACCAACTCTGTGGGCTGGGCCGTGATCACCGA
CGAGTACAAGGTGCCCAGCAAGAAATTCAAGGTGCTGGGCAACACCGACCGGCACAGCAT-
CAAGAAGAACCTGATCGGAGCCCTGCTGTTCGACAGCGGCGAAACAGCCGAGGCCACCCGGCTGAA
GAGAACCGCCAGAAGAAGATACACCAGACGGAAGAACCGGATCTGCTATCTGCAAGA-
GATCTTCAGCAACGAGATGGCCAAGTGGACGACAGCTTCTTCCACAGACTGGAAGAGTCCTTCCTGG
TGGAAGAGGATAAGAAGCACGAGCGGCACCCCATCTTCGGCAACATCGTGGACGAGTGG-
CCTACACGAGAGTACCCCCACCATCTACCACCTGAGAAAGAACTGTGACAGCACCGACAGGCGACTG
CGCTGATCTATCTGCCCTGACCACATGATCAGTTCCGGGTCACTTCCTGAATCGAAGC

lentiCRISPRv2 gRNA1, STK11 (2)

ATCGAWTTTCTTGCCTTTATATATCTTGTGGAAGGACGAACACCGAGGCCGTTGG-
CAATCTCGGGGTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGCTAGTCCGTTATCAACTTGAAAAAG
TGGCACCGAGTCGGTGCTTTTTTGAATTCGCTAGCTAGGTCTTGAAAGGAGTGGGAATTGG-
CTCCGGTGCCCGTCAGTGGGCAGAGCGCACATCGCCCACAGTCCCCGAGAAGTTGGGGGGAGGGG
TCGGCAATTGATCCGGTGCCTAGAGAAGGTGGCGCGGGGTAAACTGGGAAAGTGATGTCGTG-
TACTGGCTCCGCCTTTTTCCCGAGGGTGGGGGAGAACCGTATATAAGTGCAGTAGTCGCCGTGAACG
TTCTTTTTCGCAACGGGTTTGCCGCCAGAACACAGGACCGGTTCTAGAGCGCTGCCACCAT-
GGACAAGAAGTACAGCATCGGCCTGGACATCGGCACCAACTCTGTGGGCTGGGCCGTGATCACCGA
CGAGTACAAGGTGCCCAGCAAGAAATTCAAGGTGCTGGGCAACACCGACCGGCACAGCAT-
CAAGAAGAACCTGATCGGAGCCCTGCTGTTCGACAGCGGCGAAACAGCCGAGGCCACCCGGCTGAA
GAGAACCGCCAGAAGAAGATACACCAGACGGAAGAACCGGATCTGCTATCTGCAAGA-
GATCTTCAGCAACGAGATGGCCAAGTGGACGACAGCTTCTTCCACAGACTGGAAGAGTCCTTCCTGG
TGGAAGAGATAGAAGCACGAGCGGCACCCCCATCTTCGGCACATCGTGGACGAGTGGCCTAC-
CACGAGAGTACCCCACCATCTACCACCTGAGAAAGAACTGGTGGACAGCACGACAGCGACTGCGCT
GATYTATCTGACCTGACCACATGATCAGTCGGGGCACTCTGATCGAGGGGSG
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lentiCRISPRv2 gRNA2, STK11 (1)

ATYSAATTCTTGCTTTATATATCTTGTGGAAGGACGAAACACCGTTCGAAGGGG-
TACAGACCCGGTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGCTAGTCCGTTATCAACTTGAAAAAG
TGGCACCGAGTCGGTGCTTTTTTGAATTCGCTAGCTAGGTCTTGAAAGGAGTGGGAATTGG-
CTCCGGTGCCCGTCAGTGGGCAGAGCGCACATCGCCCACAGTCCCCGAGAAGTTGGGGGGAGGGG
TCGGCAATTGATCCGGTGCCTAGAGAAGGTGGCGCGGGGTAAACTGGGAAAGTGATGTCGTG-
TACTGGCTCCGCCTTTTTCCCGAGGGTGGGGGAGAACCGTATATAAGTGCAGTAGTCGCCGTGAACG
TTCTTTTTCGCAACGGGTTTGCCGCCAGAACACAGGACCGGTTCTAGAGCGCTGCCACCAT-
GGACAAGAAGTACAGCATCGGCCTGGACATCGGCACCAACTCTGTGGGCTGGGCCGTGATCACCGA
CGAGTACAAGGTGCCCAGCAAGAAATTCAAGGTGCTGGGCAACACCGACCGGCACAGCAT-
CAAGAAGAACCTGATCGGAGCCCTGCTGTTCGACAGCGGCGAAACAGCCGAGGCCACCCGGCTGAA
GAGAACCGCCAGAAGAAGATACACCAGACGGAAGAACCGGATCTGCTATCTGCAAGA-
GATCTTCAGCAACGAGATGGCCAAGTGGACGACAGCTTCTTCCACAGACTGCAGAGTCCTTCCTGTG
GAAGAGGATAAGAAGCACGAGCGGCACCCCATCTTCGGCACATCGTGACGAGGTGGCCTAC-
CAYGAGAGTACCCCACATCTACACTGARAAAGAAACTGTGACAGCACGACAGCGACTGCGCTGATCT
ATCTGCTGTCCAMTGATCAGTCCGGTCMTCCTGATCGAGGGCKACCTGAACYCGACAACMG

lentiCRISPRv2 gRNA2, STK11 (2)

AWCSAAWTTCTTGGCTTTWTATATCTTGTGGAAGGACGAACACCGTTCGAAGGGG-
TACAGACCCGGTTYYAKAGCTAGAAATAGCAAGTTAAAATAAGGCTAGTCCGTTATCAACTTGAAAAAG
TGGCACCGAGTCGGTGCTTTTTTGAATTCGCTAGCTAGGTCTTGAAAGGAGTGGGAATTGG-
CTCCGGTGCCCGTCAGTGGGCAGAGCGCACATCGCCCACAGTCCCCGAGAAGTTGGGGGGAGGGG
TCGGCAATTGATCCGGTGCCTAGAGAAGGTGGCGCGGGGTAAACTGGGAAAGTGATGTCGTG-
TACTGGCTCCGCCTTTTTCCCGAGGGTGGGGGAGAACCGTATATAAGTGCAGTAGTCGCCGTGAACG
TTCTTTTTCGCAACGGGTTTGCCGCCAGAACACAGGACCGGTTCTAGAGCGCTGCCACCAT-
GGACAAGAAGTACAGCATCGGCCTGGACATCGGCACCAACTCTGTGGGCTGGGCCGTGATCACCGA
CGAGTACAAGGTGCCCAGCAAGAAATTCAAGGTGCTGGGCAACACCGACCGGCACAGCAT-
CAAGAAGAACCTGATCGGAGCCCTGCTGTTCGACAGCGGCGAAACAGCCGAGGCCACCCGGCTGAA
GAGAACCGCCAGAAGAAGATACACCAGACGGAAGAACCGGATCTGCTATCTGCAAGA-
GATCTTCAGCAACGAGATGGCCAAGTGGACGACAGCTTCTTCCACAGACTGGAGAGTCCTTCCTGTG
GAAGAGGATAGAAGCACGAGCGGCACCCCATCTTCGGCACATCGTGGACGAGGKGGCCTAC-
CACGAGAAGTACCCCACCATCTACCACCTGARAAAGAACTGGTGACAGCACGACAAGCGACCTGCGC
TGATCTATCTGCCTTGACCACATGATCAAGTCCGGGTMCTTYCTKGATYC

ULK1
lentiCRISPRv2 gRNA1, ULK1 (1)

TTCSGWWTTYYTTGGCTTTATATATCTTGTGGAAGGACGAAMACCGGAGACGGTTGTAAAT-
GAGCACACAAMATACACRTGCTAAAATATTATATTCTATGACCTTTATAAAATCAACCAAAATCTTCTTT
TTAATAACTTTAGTATCAATAATTAGAATTTTTATGTTCCTTTTTGCAAAC-
TTTTAATAAAAATGAGCAAAATAAAAAAACGCTAGTTTTAGTAACTCGCGTTGTTTTCTTCACCTTTAAT
AATAGCTACTCCACCACTTGTTCCTAAGCGGTCAGCTCCTGCTTCAAT-
CATTTTTTGAGCATCTTCAAATGTTCTAACTCCACCAGCTGCTTTAACTAAAGCATTGTCTTTAACAACT
GACTTCATTAGTTTAACATCTTCAAATGTTGCACCTGATTTTGAAAATCCTGTTGAT-
GTTTTAACAAATTCTAATCCAGCTTCAACAGCTATTTCACAAGCTTTCATGATTTCTTCTTTTGTTAATAA
ACAATTTTCCATAATACATTTAACAACATGTGATCCAGCTGCTTTTTTTACAGCTTTCAT-
GTCTTCTAAAACTAATTCATAATTTTTGTCTTTTAATGCACCAATATTTAATACCATATCAATTTCTGTTG
CACCATCTTTAATTGCTTCAGAAACTTCGAATGCTTTTGTAGCTGTTGTGCATGCACCTA-
GAGGAAAACCTACAACATTTGTTATTCCTACATTTGTGCCTTTTAATAATTCTTTACAATAGCTTGTTCA
WATGAATTAAMACAAACTGTTGCAAAATCAAATTCAATTGCTTCATCAMATAATT-
GTTTAATTTCAGCTTCGTAGCATCTGTTTTAAWATGYGTGATCTATATATTGTTTAGTTCATTTTTTTCY
CCTATWATTCMATTTAAATTTGATCCTGAAAAGTTTCGGTCCACTTAACT-
TAGCGTTTGAAAMCAGAATC



Liite 5
4 (15)
lentiCRISPRvV2 gRNA1, ULK1 (2)

ACCGATTTCTTGGCTTTATATATCTTGTGGAAGGACGAACACCGAGACCACCGCGAAGG-
CGCCGGTTYYAGAGCTAGAAATAGCAAGTTAAAATAAGGCTAGTCCGTTATCAACTTGAAAAAGTGGC
ACCGAGTCGGTGCTTTTTTGAATTCGCTAGCTAGGTCTTGAAAGGAGTGGGAATTGG-
CTCCGGTGCCCGTCAGTGGGCAGAGCGCACATCGCCCACAGTCCCCGAGAAGTTGGGGGGAGGGG
TCGGCAATTGATCCGGTGCCTAGAGAAGGTGGCGCGGGGTAAACTGGGAAAGTGATGTCGTG-
TACTGGCTCCGCCTTTTTCCCGAGGGTGGGGGAGAACCGTATATAAGTGCAGTAGTCGCCGTGAACG
TTCTTTTTCGCAACGGGTTTGCCGCCAGAACACAGGACCGGTTCTAGAGCGCTGCCACCAT-
GGACAAGAAGTACAGCATCGGCCTGGACATCGGCACCAACTCTGTGGGCTGGGCCGTGATCACCGA
CGAGTACAAGGTGCCCAGCAAGAAATTCAAGGTGCTGGGCAACACCGACCGGCACAGCAT-
CAAGAAGAACCTGATCGGAGCCCTGCTGTTCGACAGCGGCGAAACAGCCGAGGCCACCCGGCTGAA
GAGAACCGCCAGAAGAAGATACACCAGACGGAAGAACCGGATCTGCTATCTGCAAGA-
GATCTTCAGCAACGAGATGGCCRAGTGGACGACAGCTTCTTCCACAGACTGGAAGAGTCCTTCCTGG
TRGAGAGGATAAGAAGCACGAGCGGCACCCCATCTTCGGCACATCGTGGACGAGTGGCCTAC-
CACGAGAGTACCCCCACCATCTACCACTGAGAAAGAACTGTGACAGCACCGACAAGCGACCTGCGCT
GATCTATCTGCCTGACCACATGATCAGTTCGGTCACGTCTGATCGAGGGCGACCTGGACCCGA

lentiCRISPRv2 gRNA2, ULK1 (1)

AYSRWWTCTTTGCCTTTAWTATCTTGTGGAAAGGACGAAACACCGCAGCGTCTGAGACTTGG-
CGGTTTYMKAGCTAGAAATAGCAAGTTAAAATAAGGCTAGTCCGTTATCAACTTGAAAAAGTGGCACC
GAGTCGGTGCTTTTTTGAATTCGCTAGCTAGGTCTTGAAAGGAGTGGGAATTGG-
CTCCGGTGCCCGTCAGTGGGCAGAGCGCACATCGCCCACAGTCCCCGAGAAGTTGGGGGGAGGGG
TCGGCAATTGATCCGGTGCCTAGAGAAGGTGGCGCGGGGTAAACTGGGAAAGTGATGTCGTG-
TACTGGCTCCGCCTTTTTCCCGAGGGTGGGGGAGAACCGTATATAAGTGCAGTAGTCGCCGTGAACG
TTCTTTTTCGCAACGGGTTTGCCGCCAGAACACAGGACCGGTTCTAGAGCGCTGCCACCAT-
GGACAAGAAGTACAGCATCGGCCTGGACATCGGCACCAACTCTGTGGGCTGGGCCGTGATCACCGA
CGAGTACAAGGTGCCCAGCAAGAAATTCAAGGTGCTGGGCAACACCGACCGGCACAGCAT-
CAAGAAGAACCTGATCGGAGCCCTGCTGTTCGACAGCGGCGAAACAGCCGAGGCCACCCGGCTGAA
GAGAACCGCCAGAAGAAGATACACCAGACGGAAGAACCGGATCTGCTATCTGCAAGA-
GATCTTCAGCAACGAGATGGCCAAGTGGACGACAGCTTCTTCCACAGACTGGAAGAGTCCTTCCTGG
TGGAGAGATAAGAAGCACGAGCGGCACCCATCTTCGGCACATCGTGGACGAGTGGCCTAC-
CACGAGAAGTACCCCAYCATCTACCACCTGAAGAAAGAAACTGGTGGAACAGCACCGACAGCCGACC
TGCGCTGAATCTATCTGCCTGGCCCACATGATCAAGTTCGGTCAMTCTGATCGAGGGCSAC-
CTGAACCGGAMAAMAAG

lentiCRISPRv2 gRNA2, ULK1 (2)

AYYGATTTCTTGGCTTATATATCTTGTGGAAGGACGWAACACCGCAGCGTCTGAGACTTGG-
CGGTTTTMGAGCTAGAAATAGCAAGTTAAAATAAGGCTAGTCCGTTATCAACTTGAAAAAGTGGCACC
GAGTCGGTGCTTTTTTGAATTCGCTAGCTAGGTCTTGAAAGGAGTGGGAATTGG-
CTCCGGTGCCCGTCAGTGGGCAGAGCGCACATCGCCCACAGTCCCCGAGAAGTTGGGGGGAGGGG
TCGGCAATTGATCCGGTGCCTAGAGAAGGTGGCGCGGGGTAAACTGGGAAAGTGATGTCGTG-
TACTGGCTCCGCCTTTTTCCCGAGGGTGGGGGAGAACCGTATATAAGTGCAGTAGTCGCCGTGAACG
TTCTTTTTCGCAACGGGTTTGCCGCCAGAACACAGGACCGGTTCTAGAGCGCTGCCACCAT-
GGACAAGAAGTACAGCATCGGCCTGGACATCGGCACCAACTCTGTGGGCTGGGCCGTGATCACCGA
CGAGTACAAGGTGCCCAGCAAGAAATTCAAGGTGCTGGGCAACACCGACCGGCACAGCAT-
CAAGAAGAACCTGATCGGAGCCCTGCTGTTCGACAGCGGCGAAACAGCCGAGGCCACCCGGCTGAA
GAGAACCGCCAGAAGAAGATACACCAGACGGAAGAACCGGATCTGCTATCTGCAAGA-
GATCTTCAGCAACGAGATGGCCAAGTGGACGACAGCTTCTTCCACAGACTRGAAGAGTCCTTCCTGG
TGAGAGATAAGAGCACGAGCGGCACCCCATCTTCGCACATCGTGGACGAGTGGCCTACACGA-
GAGTACCCCACCATCTACACTGAGAAAGAACTGTGGACMGCACGACAAGCGACTGCGCTGATCTATC
TGCTGCCACATGATCAAGTTCCGGGTCCACTTCCTGWTCGAAG
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STING1

lentiCRISPRV2 gRNAL, STING1 (1)

CYSAATTTTYTGGCTTTATATATCTTGTGGAAGGACGAACACCGCATATTACATCGGA-
TATCTGGTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGCTAGTCCGTTATCAACTTGAAAAAGTGGC
ACCGAGTCGGTGCTTTTTTGAATTCGCTAGCTAGGTCTTGAAAGGAGTGGGAATTGG-
CTCCGGTGCCCGTCAGTGGGCAGAGCGCACATCGCCCACAGTCCCCGAGAAGTTGGGGGGAGGGG
TCGGCAATTGATCCGGTGCCTAGAGAAGGTGGCGCGGGGTAAACTGGGAAAGTGATGTCGTG-
TACTGGCTCCGCCTTTTTCCCGAGGGTGGGGGAGAACCGTATATAAGTGCAGTAGTCGCCGTGAACG
TTCTTTTTCGCAACGGGTTTGCCGCCAGAACACAGGACCGGTTCTAGAGCGCTGCCACCAT-
GGACAAGAAGTACAGCATCGGCCTGGACATCGGCACCAACTCTGTGGGCTGGGCCGTGATCACCGA
CGAGTACAAGGTGCCCAGCAAGAAATTCAAGGTGCTGGGCAACACCGACCGGCACAGCAT-
CAAGAAGAACCTGATCGGAGCCCTGCTGTTCGACAGCGGCGAAACAGCCGAGGCCACCCGGCTGAA
GAGAACCGCCAGAAGAAGATACACCAGACGGAAGAACCGGATCTGCTATCTGCAAGA-
GATCTTCAGCAACGAGATGGCCAAAGTGACGACAGCTTCTTCCACAGACTGGAAGAGTCCTTCCTGG
TGGAAGAGGATAAGAAGCACGAGCGGCACCCYCATCTCGGCAACATCGTGGACGAGGTGG-
CTACACGAGAGTACCCCACCATCTACCMCTGAAAAGAACTGGTGAACAGCACCGACAGCGAACTGCG
CTGATCATCTGCCTGACCACATGATCAGTCCGGGGCCMAC

lentiCRISPRv2 gRNAL, STING1 (2)

AYSAWTTTCTTGTCTTTATATATCTTGTGGAAGGACGAAACACCGCATATTACATCGGA-
TATCTGGTTYTAGAGCTAGAAATAGCAAGTTAAAATAAGGCTAGTCCGTTATCAACTTGAAAAAGTGGC
ACCGAGTCGGTGCTTTTTTGAATTCGCTAGCTAGGTCTTGAAAGGAGTGGGAATTGG-
CTCCGGTGCCCGTCAGTGGGCAGAGCGCACATCGCCCACAGTCCCCGAGAAGTTGGGGGGAGGGG
TCGGCAATTGATCCGGTGCCTAGAGAAGGTGGCGCGGGGTAAACTGGGAAAGTGATGTCGTG-
TACTGGCTCCGCCTTTTTCCCGAGGGTGGGGGAGAACCGTATATAAGTGCAGTAGTCGCCGTGAACG
TTCTTTTTCGCAACGGGTTTGCCGCCAGAACACAGGACCGGTTCTAGAGCGCTGCCACCAT-
GGACAAGAAGTACAGCATCGGCCTGGACATCGGCACCAACTCTGTGGGCTGGGCCGTGATCACCGA
CGAGTACAAGGTGCCCAGCAAGAAATTCAAGGTGCTGGGCAACACCGACCGGCACAGCAT-
CAAGAAGAACCTGATCGGAGCCCTGCTGTTCGACAGCGGCGAAACAGCCGAGGCCACCCGGCTGAA
GAGAACCGCCAGAAGAAGATACACCAGACGGAAGAACCGGATCTGCTATCTGCAAGA-
GATCTTCAGCAACGAGATGGCCAAGTGGACGACAGCTTCTTCCACAGACTGGAAGAGTCCTTCCTGG
TGGAAGAGGATAAGAAGCACGAGCGGCACCCCATCTCGGCACATCGKGACGAGGTGG-
CCTACACGAGAGTACCCCACATCTACCACTGGAGAAGAACTGTGACAGCACGACAGCCGACCTGCGC
TGGATCTATCTGCCTGCCACATGATCAGTCGGTCMMCTTCTKATYSARGGGC

lentiCRISPRv2 gRNA2, STING1 (1)
NNNNN
lentiCRISPRv2 gRNA2, STING1 (2)

ATYAAATTYYTTGGCTTTATATATCTTGTGGAAGGACGAACACCGCTGTCACTCACAGGTAC-
CGGTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGCTAGTCCGTTATCAACTTGAAAAAGTGGCACC
GAGTCGGTGCTTTTTTGAATTCGCTAGCTAGGTCTTGAAAGGAGTGGGAATTGG-
CTCCGGTGCCCGTCAGTGGGCAGAGCGCACATCGCCCACAGTCCCCGAGAAGTTGGGGGGAGGGG
TCGGCAATTGATCCGGTGCCTAGAGAAGGTGGCGCGGGGTAAACTGGGAAAGTGATGTCGTG-
TACTGGCTCCGCCTTTTTCCCGAGGGTGGGGGAGAACCGTATATAAGTGCAGTAGTCGCCGTGAACG
TTCTTTTTCGCAACGGGTTTGCCGCCAGAACACAGGACCGGTTCTAGAGCGCTGCCACCAT-
GGACAAGAAGTACAGCATCGGCCTGGACATCGGCACCAACTCTGTGGGCTGGGCCGTGATCACCGA
CGAGTACAAGGTGCCCAGCAAGAAATTCAAGGTGCTGGGCAACACCGACCGGCACAGCAT-
CAAGAAGAACCTGATCGGAGCCCTGCTGTTCGACAGCGGCGAAACAGCCGAGGCCACCCGGCTGAA
GAGAACCGCCAGAAGAAGATACACCAGACGGAAGAACCGGATCTGCTATCTGCAAGA-
GATCTTCAGCAACGAGATGGCCAAGTGGACGACAGCTTCTTCCACAGACTGGAAGAGTCCTTCCTGG
TRGAAGAGGATAAGAAGCACGAGCGGCACCCCATCTTCGGCACATCGTGGACGAGGTGG-
CCTACCACGAGAAGTACCCMTCATTCTACCACTGAGAAGAACTGTGAMGCACGACAAGCGACTGCGC
TGAATCTTWYTGGGCCCTGGCCMMATGGAWTCAAGTTTCCGGGGTC
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CRISPR19-IEA

lentiCRISPRv2 CRISPR19-1EA (1)

CTCSAWTTCTTGGCTTWTATATCTTGTGGAAGGACGAACACCGCGCGA-
TAGCGCGAATATACGTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGCTAGTCCGTTATCAACTTGAA
AAAGTGGCACCGAGTCGGTGCTTTTTTGAATTCGCTAGCTAGGTCTTGAAAG-
GAGTGGGAATTGGCTCCGGTGCCCGTCAGTGGGCAGAGCGCACATCGCCCACAGTCCCCGAGAAGT
TGGGGGGAGGGGTCGGCAATTGATCCGGTGCCTAGAGAAGGTGGCGCGGGGTAAAC-
TGGGAAAGTGATGTCGTGTACTGGCTCCGCCTTTTTCCCGAGGGTGGGGGAGAACCGTATATAAGTG
CAGTAGTCGCCGTGAACGTTCTTTTTCGCAACGGGTTTGCCGCCAGAACACAGGAC-
CGGTTCTAGAGCGCTGCCACCATGGACAAGAAGTACAGCATCGGCCTGGACATCGGCACCAACTCTG
TGGGCTGGGCCGTGATCACCGACGAGTACAAGGTGCCCAGCAAGAAATTCAAGGTGCTGGG-
CAACACCGACCGGCACAGCATCAAGAAGAACCTGATCGGAGCCCTGCTGTTCGACAGCGGCGAAAC
AGCCGAGGCCACCCGGCTGAAGAGAACCGCCAGAAGAAGATACACCAGACGGAAGAACCG-
GATCTGCTATCTGCAAGAGATCTTCAGCAACGAGATGGCCAAGGTGGACGACAGCTTCTTCCACAGA
CTGGAAGAGTCCTTCCTGGTGGAGAGATAGAAGCACGAGCGCACCCCATCTT-
CGCAACATCGTGACGAGTGCCTACCACGAGAGTACCCCAYCATYTACCACCTGARAAAGAAACTGTG
AMAGCACCGACAGCCGACCTGCGCTGATCTWTCTGCCCTGACCACATGATCAGTTCGGTC-
CATCTGATCGAGGCGACTKGAACCCCGAMAAMCATS

lentiCRISPRv2 CRISPR19-1EA (2)

ATCGATTTCCTTGGCTTTATATATCTTGTGGAAGGACGAACACCGCGCGA-
TAGCGCGAATATACGTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGCTAGTCCGTTATCAACTTGAA
AAAGTGGCACCGAGTCGGTGCTTTTTTGAATTCGCTAGCTAGGTCTTGAAAG-
GAGTGGGAATTGGCTCCGGTGCCCGTCAGTGGGCAGAGCGCACATCGCCCACAGTCCCCGAGAAGT
TGGGGGGAGGGGTCGGCAATTGATCCGGTGCCTAGAGAAGGTGGCGCGGGGTAAAC-
TGGGAAAGTGATGTCGTGTACTGGCTCCGCCTTTTTCCCGAGGGTGGGGGAGAACCGTATATAAGTG
CAGTAGTCGCCGTGAACGTTCTTTTTCGCAACGGGTTTGCCGCCAGAACACAGGAC-
CGGTTCTAGAGCGCTGCCACCATGGACAAGAAGTACAGCATCGGCCTGGACATCGGCACCAACTCTG
TGGGCTGGGCCGTGATCACCGACGAGTACAAGGTGCCCAGCAAGAAATTCAAGGTGCTGGG-
CAACACCGACCGGCACAGCATCAAGAAGAACCTGATCGGAGCCCTGCTGTTCGACAGCGGCGAAAC
AGCCGAGGCCACCCGGCTGAAGAGAACCGCCAGAAGAAGATACACCAGACGGAAGAACCG-
GATCTGCTATCTGCAAGAGATCTTCAGCAACGAGATGGCCAAAGTGGACGACAGCTTCTTCCACAGA
CTGGAAGAGTCCTTCCTGGTGGAAGAGGATAAGAAGCACGAGCGGCACCCCATCTTCGG-
CAACATCGTGGACGAGTGCCTACCACGAGAGTACCCCACCATCTACCACCTGARAAAGAAACTGGKG
ACAGCACGACAGGCGACTGCGCTGATCTWTCTGCCTGCCACATGAT-
CAGTCCGGTCACGTCTGATCGAGGCGACTKGACCCCGAMACACGGSWACGT

Met
lentiCRISPRv2 gRNA1, Met (1)

ATSYATTTCTTGTCTTTATATATCTTGTGGAAGGACGAACACCGCTCCATGCTTCATA-
TAGGGCGTTTYAGAGCTAGAAATAGCAAGTTAAAATAAGGCTAGTCCGTTATCAACTTGAAAAAGTGG
CACCGAGTCGGTGCTTTTTTGAATTCGCTAGCTAGGTCTTGAAAGGAGTGGGAATTGG-
CTCCGGTGCCCGTCAGTGGGCAGAGCGCACATCGCCCACAGTCCCCGAGAAGTTGGGGGGAGGGG
TCGGCAATTGATCCGGTGCCTAGAGAAGGTGGCGCGGGGTAAACTGGGAAAGTGATGTCGTG-
TACTGGCTCCGCCTTTTTCCCGAGGGTGGGGGAGAACCGTATATAAGTGCAGTAGTCGCCGTGAACG
TTCTTTTTCGCAACGGGTTTGCCGCCAGAACACAGGACCGGTTCTAGAGCGCTGCCACCAT-
GGACAAGAAGTACAGCATCGGCCTGGACATCGGCACCAACTCTGTGGGCTGGGCCGTGATCACCGA
CGAGTACAAGGTGCCCAGCAAGAAATTCAAGGTGCTGGGCAACACCGACCGGCACAGCAT-
CAAGAAGAACCTGATCGGAGCCCTGCTGTTCGACAGCGGCGAAACAGCCGAGGCCACCCGGCTGAA
GAGAACCGCCAGAAGAAGATACACCAGACGGAAGAACCGGATCTGCTATCTGCAAGA-
GATCTTCAGCAACGAGATGGCCAAGTGGACGACAGCTTCTTCCACAGACTGGAGAGTCCTTCCTGGT
GGAGAGGATAAGAAGCMCGAGCGGCACCCCCATCTTCGCAACATCGTGGACGAGGTGG-
CCTACACGAGAAGTACCCCACCATTCTACCACCTGAGAAAGAACTGGTGGAACAGCACGACAGCGAC
TGGCGCTGATCTATCTGCCTGACCMAATGATCAGTCCGGTCMCCTYTCTGKAMTCGAGGGG
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lentiCRISPRv2 gRNAL, Met (2)

ATCGATTTCTTTGTCTTATATATCTTGTGGAAGGACGAAACACCGCTCCATGCTTCATA-
TAGGGCGTGGYCGGAGGTCGTGTCCACGAACTTCCGGGACGCCTCCGGGCCGGCCATGACCGAGA
TCGGCGAGCAGCCGTGGGGGCGGGAGTTCGCCCTGCGCGACCCGGCCGGCAACTGCGTGCAC-
TTCGTGGCCGAGGAGCAGGACTGACACGTGCTACGAGATTTCGATTCCACCGCCGCCTTCTATGAAA
GGTTGGGCTTCGGAATCGTTTTCCGGGACGCCGGCTGGATGATCCTCCAGCGCGGGGATCT-
CATGCTGGAGTTCTTCGCCCACCCCAACTTGTTTATTGCAGCTTATAATGGTTACAAATAAAGCAATAG
CATCACAAATTTCACAAATAAAGCATTTTTTTCACTGCATTCTAGTTGTGGTTTGTCCAAAC-
TCATCAATGTATCTTATCATGTCTGTATACCGTCGACCTCTAGCTAGAGCTTGGCGTAATCATGGTCAT
AGCTGTTTCCTGTGTGAAATTGTTATCCGCTCACAATTCCACA-
CAACATACGAGCCGGAAGCATAAAGTGTAAAGCCTGGGGGTGCCTAATGAGTGAGCTAACTCACATT
AATTGCGTTGCGCTCACTGCCCGCTTTCCAGTCGGGAAACCTGTCGTGCCAGCTGCATTAAT-
GAATCGGCCAACGCGCGGGGAGAGGCGGTTTGCGTATTGGGCGCTCTTCCGCTTCCTCGCTCACTG
ACTCGCTGCGCTCGGTCGTTCGGCTGCGGCGAGCGGTATCAGCTCMCTCAAGGCGG-
TAATACGGTTATCCACAGAATCAGGGAWAACCGCAGAAAGAACATGTGGAGCAAAGCCAGCAAATGC
CAGTACCGTAAAAGCCGCGTGCTGCGTTTCATAGGCTCCSCCCCTGACAGCTTCCAAATCGG-
MASSCTYCAAGTTCC

lentiCRISPRv2 gRNA2, Met (1)

TMYTSYCYYSKMMSSTTMWATRTCTYGTGSAMAGGACGAACACCGCCGTCTCTG-
TAACATCCATGTTTTAKWKYTAGAAATAGCAAGTTAAAATAAGGCTAGYCCGTTATCAACTTGAAAAAG
TGGCACCGAGTCGGTGCTTTTTTGAATTCGCTAGCTAGGTCTTGAAAGGAGTGGGAATTGG-
CTCCGGTGCCCGTCAGTGGGCAGAGCGCACATCGCCCACAGTCCCCGAGAAGTTGGGGGGAGGGG
TCGGCAATTGATCCGGTGCCTAGAGAAGGTGGCGCGGGGTAAACTGGGAAAGTGATGTCGTG-
TACTGGCTCCGCCTTTTTCCCGAGGGTGGGGGAGAACCGTATATAAGTGCAGTAGTCGCCGTGAACG
TTCTTTTTCGCAACGGGTTTGCCGCCAGAACACAGGACCGGTTCTAGAGCGCTGCCACCAT-
GGACAAGAAGTACAGCATCGGCCTGGACATCGGCACCAACTCTGTGGGCTGGGCCGTGATCACCGA
CGAGTACAAGGTGCCCAGCAAGAAATTCAAGGTGCTGGGCAACACCGACCGGCACAGCAT-
CAAGAAGAACCTGATCGGAGCCCTGCTGTTCGACAGCGGCGAAACAGCCGAGGCCACCCGGCTGAA
GAGAACCGCCAGAAGAAGATACACCAGACGGAAGAACCGGATCTGCTATCTGCAAGA-
GATCTTCAGCAACGAGATGGGCCAAGTGGACGACAGCTTCTTCCACAGACTGGAGAGTCCTTCCTGG
TGGAAGAGATAGAAGCACGAGCGGCACCCATCTCGCAACATCGTGGACGAGGTGCTACACGA-
GAGTACCCACATCTACCMCTGAAAAGRAACTGTGGACGCCACGACAGGCGAACTGCGCTGATYTATY
TGCCTGACCCAATGATCAGTTCCGGTCACTCCKGATCGAGGCGACCTGGAATCCCSGCA

lentiCRISPRv2 gRNA2, Met (2)

AYGWATTTCTTGACTTATATATCTTGTGGAAGGACGAACACCGGAGACGGTTGTAAAT-
GAGCACACAMMMTACACATGCTAAAATATTATATTCTATGACCTTTATAAAATCAACCAAAATCTTCTTT
TTAATAACTTTAGTATCAATAATTAGAATTTTTATGTTCCTTTTTGCAAAC-
TTTTAATAAAAATGAGCAAAATAAAAAAACGCTAGTTTTAGTAACTCGCGTTGTTTTCTTCACCTTTAAT
AATAGCTACTCCACCACTTGTTCCTAAGCGGTCAGCTCCTGCTTCAAT-
CATTTTTTGAGCATCTTCAAATGTTCTAACTCCACCAGCTGCTTTAACTAAAGCATTGTCTTTAACAACT
GACTTCATTAGTTTAACATCTTCAAATGTTGCACCTGATTTTGAAAATCCTGTTGAT-
GTTTTAACAAATTCTAATCCAGCTTCAACAGCTATTTCACAAGCTTTCATGATTTCTTCTTTTGTTAATAA
ACAATTTTCCATAATACATTTAACAACATGTGATCCAGCTGCTTTTTTTACAGCTTTCAT-
GTCTTCTAAAACTAATTCATAATTTTTGTCTTTTAATGCACCAATATTTAATACCATATCAATTTCTGTTG
CACCATCTTTAATTGCTTCAGAAACTTCGAATGCTTTTGTAGCTGTTGTGCATGCACCTA-
GAGGAAAACCTAMAACATTTGTTATTCCTACATTTGTGCCTTTTAATAATTCTTTACATAGCTGTCATAT
GAATTAACACAAACTGTTGCAAATCAATTCATGCTCATCMCAWAATTGTTATTCAGCTTTCG-
TAGCATCTGTTAKATGGGGGATCATAWTTGTAAGTCATTTTCCCGWCATTCATTTTGATGAATCTAAAT
CGCCACTTACTASGTTGAACARWTTCCCCA
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Hgf

lentiCRISPRv2 gRNA1, Hgf (1)

CTACYGAATTYYTTGGCTTTTATATATCTTGTGGAGGGACGAACACCGACGGTATCCATCAC-
TAAGAGGTTTTASAGCTAGAAATAGCAAGTTAAAATAAGGCTAGTCCGTTATCAACTTGAAAAAGTGGC
ACCGAGTCGGTGCTTTTTTGAATTCGCTAGCTAGGTCTTGAAAGGAGTGGGAATTGG-
CTCCGGTGCCCGTCAGTGGGCAGAGCGCACATCGCCCACAGTCCCCGAGAAGTTGGGGGGAGGGG
TCGGCAATTGATCCGGTGCCTAGAGAAGGTGGCGCGGGGTAAACTGGGAAAGTGATGTCGTG-
TACTGGCTCCGCCTTTTTCCCGAGGGTGGGGGAGAACCGTATATAAGTGCAGTAGTCGCCGTGAACG
TTCTTTTTCGCAACGGGTTTGCCGCCAGAACACAGGACCGGTTCTAGAGCGCTGCCACCAT-
GGACAAGAAGTACAGCATCGGCCTGGACATCGGCACCAACTCTGTGGGCTGGGCCGTGATCACCGA
CGAGTACAAGGTGCCCAGCAAGAAATTCAAGGTGCTGGGCAACACCGACCGGCACAGCAT-
CAAGAAGAACCTGATCGGAGCCCTGCTGTTCGACAGCGGCGAAACAGCCGAGGCCACCCGGCTGAG
AGAACCGCCAGAAGAGATACACCAGACGGAAGAACCGGATCTGCTATCTGCAAGAGATCTT-
CAGCAACGAGATGGCCAAGTGGACGACAGCTTCTTCCACAGACTGGAAGAGTCCTTCCTGTGAGAGA
TAGAAGCMCGAGCGCACCCCATCTCGGCAMATCGKGACGAGTGCTACACGAGAG-
TACCCCCMCATCTACACTGAAARGACTGTGAACGCACCGACAGCCGACTGCGCTGWTCTATCTGTCC
TACCCATGATCAGTGCCGGTCCACTCCTGGATGCGAGGGCTACT

lentiCRISPRv2 gRNAL, Hgf (2)

AYCAWTTTYTTGGCTTTTATATCTTGTGGAAGGACGAACACCGACGGTATCCATCACTRA-
GAGGTTTTAGAGCTAGRAATAGCAAGTTAAAATAAGGCTAGTCCGTTATCAACTTGAAAAAGTGGCAC
CGAGTCGGTGCTTTTTTGAATTCGCTAGCTAGGTCTTGAAAGGAGTGGGAATTGG-
CTCCGGTGCCCGTCAGTGGGCAGAGCGCACATCGCCCACAGTCCCCGAGAAGTTGGGGGGAGGGG
TCGGCAWTTGATCCGGTGCCTASAGAAGGTGGCGCGGGGTRAACTGGGAAAGTGATGTCGTG-
TACTGGCTCCGCCTTTTTCCCGAGGGTGGGGGAGAACCGTATATAAGTGCAGTAGTCGCCGTGAACG
TTCTTTTTCGCAACGGGTTTGCCGCCRGAACACAGGACCGGKTCTAGAGCGCTGCCACCAT-
GGACAAGAAGTACAGCATCGGYCTGSACATCGGCACCAACTCTGTGGGCTGGGCCGTGATCACCGA
CGAGTACAAKGTGCCCAGCWAGAAATTCAAGGTGCTGGGCAACACCGACCGGCACAGCAT-
CAAGAAGAACCTGATCGGAGCCCTGCTGTTCGACAGCGGCGAAACAGCCGAGGCCACCCGGCTGAA
GAGAACCGCCAGATKAAGATACWYCAGACGGAAGAASCCGGATCTGCTATCTGCAAGA-
GATCTTCAGCAWCGAGATGGTCGAAGTGSACGAYAGCTTKCTTCCACAGACTGGCAKAGTCCTTCCT
GTGATGAGGATAAGAAGCACGAGCGGCACCCCATCWTCGCAWCRTCGTGGACGAGGTGG-
CCTACAYGAGAGTACCCACCATTCTAGCYACTGAAAAGAACYTGGTGAMTGGCAYGACAGCTGAWCT
TGCGCTGATCTATCTGGTCCATGTCTACTGGATCAGTCCGGTCCACTTCTKATCGAAGGGY-
GAACCTGGAATCTCGCA

lentiCRISPRv2 gRNA2, Hgf (1)

AWCGAWTTCTGGCTTTATATATCTTGTGGAAGGACGAAACACCGTTTTACACAGGTTGAC-
CAGGYTYYMGAGCTAGAAATAGCAAGTTAAAATAAGGCTAGTCCGTTATCAACTTGAAAAAGTGGCAC
CGAGTCGGTGCTTTTTTGAATTCGCTAGCTAGGTCTTGAAAGGAGTGGGAATTGG-
CTCCGGTGCCCGTCAGTGGGCAGAGCGCACATCGCCCACAGTCCCCGAGAAGTTGGGGGGAGGGG
TCGGCAATTGATCCGGTGCCTAGAGAAGGTGGCGCGGGGTAAACTGGGAAAGTGATGTCGTG-
TACTGGCTCCGCCTTTTTCCCGAGGGTGGGGGAGAACCGTATATAAGTGCAGTAGTCGCCGTGAACG
TTCTTTTTCGCAACGGGTTTGCCGCCAGAACACAGGACCGGTTCTAGAGCGCTGCCACCAT-
GGACAAGAAGTACAGCATCGGCCTGGACATCGGCACCAACTCTGTGGGCTGGGCCGTGATCACCGA
CGAGTACAAGGTGCCCAGCAAGAAATTCAAGGTGCTGGGCAACACCGACCGGCACAGCAT-
CAAGAAGAACCTGATCGGAGCCCTGCTGTTCGACAGCGGCGAAACAGCCGAGGCCACCCGGCTGAG
AGAACCGCCAGAAGAAGATACACCAGACGGAAGAACCGGATCTGCTATCTGCAAGAGATCTT-
CAGCAACGAGATGGCCAAGTGGACGACAGCTTCTTCCACAGACTGGAGAGTCCTTCCTGGTGGAAGA
GGATAGAGCACGAGCGCACCCATCTTCGGCACATCGKGACGAGGTGGCTACACGAGAG-
TACCCCACCATCTACACTGAGAAAGRAACTGGKGGAMCGCACCGACCAGCGAACTGGCGCTGATCTA
TCTGGCTGACACTGATCAGTCCGGTCMATTTCTTGTATTCGAGGGCGCACCCTGTGA
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lentiCRISPRv2 gRNA2, Hgf (2)

AYCSATTCTTGACTTATATATCTTGTGGAAGGACGAACACCGTTTTAACACAGGTTGAC-
CAGGTTTYAGAGCTAGAAATAGCAAGTTAAAATAAGGCTAGTCCGTTATCAACTTGAAAAAGTGGCAC
CGAGTCGGTGCTTTTTTGAATTCGCTAGCTAGGTCTTGAAAGGAGTGGGAATTGG-
CTCCGGTGCCCGTCAGTGGGCAGAGCGCACATCGCCCACAGTCCCCGAGAAGTTGGGGGGAGGGG
TCGGCAATTGATCCGGTGCCTAGAGAAGGTGGCGCGGGGTAAACTGGGAAAGTGATGTCGTG-
TACTGGCTCCGCCTTTTTCCCGAGGGTGGGGGAGAACCGTATATAAGTGCAGTAGTCGCCGTGAACG
TTCTTTTTCGCAACGGGTTTGCCGCCAGAACACAGGACCGGTTCTAGAGCGCTGCCACCAT-
GGACAAGAAGTACAGCATCGGCCTGGACATCGGCACCAACTCTGTGGGCTGGGCCGTGATCACCGA
CGAGTACAAGGTGCCCAGCAAGAAATTCAAGGTGCTGGGCAACACCGACCGGCACAGCAT-
CAAGAAGAACCTGATCGGAGCCCTGCTGTTCGACAGCGGCGAAACAGCCGAGGCCACCCGGCTGAA
GAGAACCGCCAGAGAAGATACACCAGACGGAAGAACCGGATCTGCTATCTGCAAGAGATCTT-
CAGCAACGAGATGGCCAGGTGGACGACAGCTTCTTCCACAGACTGGAAGAGTCCTTCCTGGTGGAG
AGGATAGAGCACGAGCGGCACCCCATCTCGGCAACATCGKGGACGAGGTGGCTACACGA-
GAAGTACCCCCACCATCTACCACTGAAAAGAACTGGTGGAMGCACGACAGCCGAACTGCGCTGATCT
ATCTGTCCTGGCCATGATCAGTTCCGGTCACTTCCTKAATCAGGGCTAC

Ezh2
lentiCRISPRvV2 gRNAL1, Ezh2 (1)

GSCYYWWMKARTTTSTTKKCTYCTATAYATMTTGTGKCWMGGACGTATAYAYCGCGA-
GACGGYTGTWAATGAGCACACCAAATACWCWTGCTAAAAYATTATATYCTATGACCTTTATAAAATCA
ACCAAAATCTTCTTTTTAATAACTTTAGTATCAATAATTARAATTTTTAT-
GTTCCTTTTTGCAAACTTTTAATAAAAATGAGCAAAATAAAAAAACGCTAGTTTTAGTAACTCGCGTTGT
TTTCTTCACCTTTAATAATASCTACTCCACCACTTGTTCCTAAGCGGTCAGCTCCTGCTT-
CAATCATTTTTTGAGCATCTTCAAATGTTCTAACTCCACCAGCTGCTTTAACTAAAGCATTGTCTTTAAC
AACTGACTTCATTAKTTTAACATCTTCAAATGTTGCACCTGATTTTGAAAATCCTGTTGAT-
GTTTTAACAAATTCTAATCCAGCTTCAACAGCTATTTCACAAGCTTTCATGATTTCTTCTTTTGTTAATAA
ACAATTTTCCATAATACATTTAACAACATGTGATCCAGCTGCTTTTTTTACAGCTTTCAT-
GTCTTCTAAAACTAATTCATAATTTTTGTCTTTTAATGCACCAATATTTAATACCATATCAATTTCTGTTG
CACCATCTTTAATTGCTTCAGAAACTTCKAATGCTTTTGTAGCTGTTGTGCATGCACCTA-
GAGGAAAACCTACAACATTTGTTATTCCTACATTTGTGCCTTTTAATAATTCTTTACAATAGCTTGTTCA
ATATGAATTAACACAAACTGYTGCAAATCAATTCAATTGCTTCATCACATAATTGT-
TATTTCAGCTTTCGTAGCATCTGTTTATAATGTGTGATCTAWAWATTGTTAGTCAATTTTCTCTAWATT
CATTTTATTGATTCTTACATTTCGCCTACTTGAWCTTAAGCGGTTAGAACGATTGCTGAACCGTATC

lentiCRISPRv2 gRNAL, Ezh2 (2)

TCCCSGTTTCKWTTYTTGGCTTATATATCTTGTGGAAGGACGAWACACCGCTGAAAC-
CTTAAACCAAGAGGTTTTAGAGCTAGAAATAGCAAGTTAAMATAAGGCTAGTCCGTTATCAACTTGAAA
AAGTGGCACCGAGTCGGTGCTTTTTTGAATTCKCTAGCTAGGTCTTGAAAGGAGTGGGAATT-
GGCTCCGGTGCCCGTCAGTGGGCAGAGCGCACATCGCCCACAGTCCCCGAGAAGTTGGGGGGAGG
GGTCGGCAATTGATCCGGTGCCTAGAGAAGGTGGCGCGGGGTAAACTGGGAAAGTGAT-
GTCGTGTACTGGCTCCGCCTTTTTCCCGAGGGTGGGGGAGAACCGTATATAAGTGCAGTAGTCGCCG
TGAACGTTCTTTTTCGCAACGGGTTTGCCGCCAGAACACWGGACCGGTTCTAGAGCGCTGC-
CACCATGGACAAGAAGTACAGCATCGGCCTGGACATCGGCACCAACTCTGTGGGCTGGGCCGTGAT
CACCGACGAGTACAAGGTGCCCAGCAAGAAATTCWAGGTGCTGGGCAACACCGACCGGCA-
CAGCATCAAGAAGAACCTGATCGGAGCCCTGCTGTTCGACAGCGGCGAAACAGCCGAGGCCACCCG
GCTGAAGAGAACCGCCAGAAGAAGATACACCAGACGGAAGAACCG-
GATCTGCTATCTGCAAGAGATCTTCAGCAACGAGATGGCCAAGTGGACGACAGCTTCTTCCACAGAC
TGGAAGAGTCCTTCCTGGTGGAGAGGATAGAGCACGAGCGGCACCCCATCTTCGG-
CAACATCGTGGACGAGTGCCTACCACGAGAGTACCCCACCATCTACACTGAAAAAGAAACTGGTGGA
MGCACGAMCAGCGACTGCGCTGATCTWCTGACTTGACCAATGATCAGTTCCGGGTCCACTYYC
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lentiCRISPRv2 gRNA2, Ezh2 (1)

CTYGWATTCTAATTCTTGGCTTATATATCTTGTGKAAGGACGAACWYCGTAAATCCTCTAG-
TAAGGGAGTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGCTAGTCCGTTATCAACTTGAAAAAGTG
GCACCGAGTCGGTGCTTTTTTGAATTCGCTAGCTAGGTCTTGAAAGGAGTGGGAATTGG-
CTCCGGTGCCCGTYAGTGGGCAGAGCGCACATCGCCCACAGTCCCCGAGAAGTTGGGGGGAGGGG
TCGGCAATTGATCCGGTGCCTAGAKAAGGTGGCGCGGGGTAAACTGGGAAAGTGATGTCGTG-
TACTGGCTCCGCCTTTTTCCCGAGGGTGGGGGAGAACCGTATATAAGTGCAGTAGTCGCCGTGAACG
TTCTTTTTCGCAACGGGTTTGCCGCCAGAACACAGGACCGGTTCTAGAGCGCTGCCACCAT-
GGACAAGAAGTACAGCATCGGCCTGGWCATCGGYACCAACTCTGTGGGCTGGGCCGTGATCACCGA
CGAGTACAAGGTGCYCAGCAAGAAATTCAAGGTGCTGGGCAACACCGAYCGGCACAGCAT-
CAAGAAGAAYCTGATCGGAGYCCTGCTGTTCGACAGCGGYGAAACAGCCGAGGCCACCCGGCTGAA
GAGAACYGYCAGAAGAAGATACWCCAGACGGAAGAAYCGGATCTGCTATCTGCAAGA-
GATYTTCAGCAACGAGATGGCCAAGGTGGACGACAGCTTCTTCCAMAGACTGGAAGAGTCCTTTCCT
GGTGGAAGAGGATAGAAGCWCGAGCGGYAYCCYCATYTTCGGCAACATCGTGGACGAGGTGG-
CCTACACGAGAAGTTACYCTCMTCATTYTATCCACCTGAGAAAGAAACTGGTGGAMCGCATCGACAA
GTCGACTTGCGGCTGATCTATYTGGACTGACYCACATGATCAAGTTTCGGACCMCTTYCTT-
GTAWTCGRGGGGCSTA

lentiCRISPRv2 gRNA2, Ezh2 (2)

AMMWTTTCTTGGGCTTTATATATCTTGTGGAAGGACGAACACCGGAGACGGTTGTAAAT-
GAGCACACMAMATACACATGCTAAAATATTATATTCTATGACCTTTATAAAATCAACCAAAATCTTCTTT
TTAATAACTTTAGTATCAATAATTAGAATTTTTATGTTCCTTTTTGCAAAC-
TTTTAATAAAAATGAGCAAAATAAAAAAACGCTAGTTTTAGTAACTCGCGTTGTTTTCTTCACCTTTAAT
AATAGCTACTCCACCACTTGTTCCTAAGCGGTCAGCTCCTGCTTCAAT-
CATTTTTTGAGCATCTTCAAATGTTCTAACTCCACCAGCTGCTTTAACTAAAGCATTGTCTTTAACAACT
GACTTCATTAGTTTAACATCTTCAAATGTTGCACCTGATTTTGAAAATCCTGTTGAT-
GTTTTAACAAATTCTAATCCAGCTTCAACAGCTATTTCACAAGCTTTCATGATTTCTTCTTTTGTTAATAA
ACAATTTTCCATAATACATTTAACAACATGTGATCCAGCTGCTTTTTTTACAGCTTTCAT-
GTCTTCTAAAACTAATTCATAATTTTTGTCTTTTAATGCACCAATATTTAATACCATATCAATTTCTGTTG
CACCATCTTTAATTGCTTCAGAAACTTCGAATGCTTTTGTAGCTGTTGTGCATGCACCTA-
GAGGAAAACCTACAACATTTGTTATTCCTACATTTGTGCCTTTTAATAATTCTTTACAATAGCTTGTTCA
ATATGAATTAACACAAACTGTTGCAAATCAAATTCATTGCTTCATCACATAATTGTTAATT-
CAGCTTTCGTAGCATCTGTTTATAATGKGKGATCTATATATTGTTAGTTCATYTTTCGCTAWATATCATT
TTAACTTAATTCATCAAAAGTCGGYCACTTACTTTAGCSGTTTGGCACAGAARTTTMACA

11
lentiCRISPRv2 gRNAL, 1111 (1)

CCCGAATTCGATTTCTTGGCTTTATATATCTTGTGGAAAGGACGAAACACCGCAGATA-
GAGTCGTTGCCCCTGTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGCTAGTCCGTTATCAACTTGAA
AAAGTGGCACCGAGTCGGTGCTTTTTTGAATTCGCTAGCTAGGTCTTGAAAG-
GAGTGGGAATTGGCTCCGGTGCCCGTCAGTGGGCAGAGCGCACATCGCCCACAGTCCCCGAGAAGT
TGGGGGGAGGGGTCGGCAATTGATCCGGTGCCTAGAGAAGGTGGCGCGGGGTAAAC-
TGGGAAAGTGATGTCGTGTACTGGCTCCGCCTTTTTCCCGAGGGTGGGGGAGAACCGTATATAAGTG
CAGTAGTCGCCGTGAACGTTCTTTTTCGCAACGGGTTTGCCGCCAGAACACAGGAC-
CGGTTCTAGAGCGCTGCCACCATGGACAAGAAGTACAGCATCGGCCTGGACATCGGCACCAACTCTG
TGGGCTGGGCCGTGATCACCGACGAGTACAAGGTGCCCAGCAAGAAATTCAAGGTGCTGGG-
CAACACCGACCGGCACAGCATCAAGAAGAACCTGATCGGAGCCCTGCTGTTCGACAGCGGCGAAAC
AGCCGAGGCCACCCGGCTGAAGAGAACCGCCAGAAGAAGATACACCAGACGGAAGAACCG-
GATCTGCTATCTGCAAGAGATCTTCAGCAACGAGATGGCCAAGGTGGACGACAGCTTCTTCCACAGA
CTGGAAGAGTCCTTCCTGGTGGAAGAGGATAAGAAGCACGAGCGGCACCCCATCTTCGG-
CAACATCGTGGACGAGGTGGCCTACCACGAGAAGTACCCCACCATCTACCACCTGAGAAAGAAACTG
GTGGACAGCACCGACAAGGCCGACCTGCGGCTGATCTATCTGGCCCTGGCCCACATGAT-
CAAGTTCCGGGGCCACTTCCTGATCGAGGGCGACCTGAACCCCGACAACAGCGACGTGGACAAGCT
GTTCATCCAGCTGGTGCAGACCTACAACCAGCTGTTCGAGGAAAACCCCATCAACGC-
CAGCGGCGTGGACGCCAAGGCCATCCTGTCTGCCAGACTGAGCAAGAGCAGACGGCTGGAAAATCT
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GATCGCCCAGCTGCCCGGCGAAAAAAAAAAATGGCCTGTTCGGAAACCTGATTGCCCTGAAC-
CGGGGCCTGACCCCCACTTTCCGA

lentiCRISPRv2 gRNAL, 1111 (2)

CCCGAATTCGATTTCTTGGGCTTTATATATCTTGTGGGAAAGGACGAAACACCGCAGATA-
GAGTCGTTGCCCCTGTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGCTAGTCCGTTATCAACTTGAA
AAAGTGGCACCGAGTCGGTGCTTTTTTGAATTCGCTAGCTAGGTCTTGAAAG-
GAGTGGGAATTGGCTCCGGTGCCCGTCAGTGGGCAGAGCGCACATCGCCCACAGTCCCCGAGAAGT
TGGGGGGAGGGGTCGGCAATTGATCCGGTGCCTAGAGAAGGTGGCGCGGGGTAAAC-
TGGGAAAGTGATGTCGTGTACTGGCTCCGCCTTTTTCCCGAGGGTGGGGGAGAACCGTATATAAGTG
CAGTAGTCGCCGTGAACGTTCTTTTTCGCAACGGGTTTGCCGCCAGAACACAGGAC-
CGGTTCTAGAGCGCTGCCACCATGGACAAGAAGTACAGCATCGGCCTGGACATCGGCACCAACTCTG
TGGGCTGGGCCGTGATCACCGACGAGTACAAGGTGCCCAGCAAGAAATTCAAGGTGCTGGG-
CAACACCGACCGGCACAGCATCAAGAAGAACCTGATCGGAGCCCTGCTGTTCGACAGCGGCGAAAC
AGCCGAGGCCACCCGGCTGAAGAGAACCGCCAGAAGAAGATACACCAGACGGAAGAACCG-
GATCTGCTATCTGCAAGAGATCTTCAGCAACGAGATGGCCAAGGTGGACGACAGCTTCTTCCACAGA
CTGGAAGAGTCCTTCCTGGTGGAAGAGGATAAGAAGCACGAGCGGCACCCCATCTTCGG-
CAACATCGTGGACGAGGTGGCCTACCACGAGAAGTACCCCACCATCTACCACCTGAGAAAGAAACTG
GTGGACAGCACCGACAAGGCCGACCTGCGGCTGATCTATCTGGCCCTGGCCCACATGAT-
CAAGTTCCGGGGCCACTTCCTGATCGAGGGCGACCTGAACCCCGACAACAGCGACGTGGACAAGCT
GTTCATCCAGCTGGTGCAGACCTACAACCAGCTGTTCGAGGAAAACCCCATCAACGC-
CAGCGGCGTGGACGCCAAGGCCATCCTGTCTGCCAGACTGAGCAAGAACAGACGGCTGGAAAATCT
GATCGCCCAGCTGCCCGGCGAAAAAAAAAAATGGCCTGTTCGGAAAACCTGATT-
GCCCTGGACCCGGGGCCGGACCCCCAATTTCAGAAGAAATTTCCAACTGGGCCAAGGAGGCCAAAT
GGGGCCTGAAAAAGGGAACCCTAAAAAAAAAAACTGGGAAAAACGGG

lentiCRISPRv2 gRNA2, 1111 (1)

GATTYCAWTTCTTGGCTTTATATATCTTGTGGAAGGACGAAACACCGCAKCCATTGTACAT-
GCCGGGTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGCTAGTCCGTTATCAACTTGAAAAAGTGGC
ACCGAGTCGGTGCTTTTTTGAATTCGCTAGCTAGGTCTTGAAAGGAGTGGGAATTGG-
CTCCGGTGCCCGTCAGTGGGCAGAGCGCACATCGCCCACAGTCCCCGAGAAGTTGGGGGGAGGGG
TCGGCAATTGATCCGGTGCCTAGAGAAGGTGGCGCGGGGTAAACTGGGAAAGTGATGTCGTG-
TACTGGCTCCGCCTTTTTCCCGAGGGTGGGGGAGAACCGTATATAAGTGCAGTAGTCGCCGTGAACG
TTCTTTTTCGCAACGGGTTTGCCGCCAGAACACAGGACCGGTTCTAGAGCGCTGCCACCAT-
GGACAAGAAGTACAGCATCGGCCTGGACATCGGCACCAACTCTGTGGGCTGGGCCGTGATCACCGA
CGAGTACAAGGTGCCCAGCAAGAWATTCAAGGTGCTGGGCAACACCGACCGGCACAGCAT-
CAAGAAGAACCTGATCGGAGCCCTGCTGTTCGACAGCGGCGAAACAGCCGAGGCCACCCGGCTGAA
GAGAACCGCCAGAAGAAGATACACCAGACGGAAGAACCGGATCTGCTATCTGCAAGA-
GATCTTCAGCAACGAGATGGYCAAGTGGACGACAGCTTCTTCCACAGACTGGTAGAGTCCTTCCTGG
TGGAAGAGGATAAGAAGCACGAGCGGCACCCCATCTTCGGCAACATCGTGACGAGGTGGAC-
TACACGAGAAGTACCCCACATCTACCACTGARAAAGAACTGTTGAMGCACGACAGCGACTGCGCTGA
TCTATCTGGACCTGGTCCAMTGAYCAGTCGGCCACCTYCTTGAATYGCA

lentiCRISPRv2 gRNA2, 1111 (2)

GTTYCGAATTTCTTGGCTTTATATATCTTGTGGAAGGACGAAACACCGCAGCCATTGTACAT-
GCCGGGTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGCTAGTCCGTTATCAACTTGAAAAAGTGGC
ACCGAGTCGGTGCTTTTTTGAATTCGCTAGCTAGGTCTTGAAAGGAGTGGGAATTGG-
CTCCGGTGCCCGTCAGTGGGCAGAGCGCACATCGCCCACAGTCCCCGAGAAGTTGGGGGGAGGGG
TCGGCAATTGATCCGGTGCCTAGAGAAGGTGGCGCGGGGTAAACTGGGAAAGTGATGTCGTG-
TACTGGCTCCGCCTTTTTCCCGAGGGTGGGGGAGAACCGTATATAAGTGCAGTAGTCGCCGTGAACG
TTCTTTTTCGCAACGGGTTTGCCGCCAGAACACAGGACCGGTTCTAGAGCGCTGCCACCAT-
GGACAAGAAGTACAGCATCGGCCTGGACATCGGCACCAACTCTGTGGGCTGGGCCGTGATCACCGA
CGAGTACAAGGTGCCCAGCAAGAAATTCAAGGTGCTGGGCAACACCGACCGGCACAGCAT-
CAAGAAGAACCTGATCGGAGCCCTGCTGTTCGACAGCGGCGAAACAGCCGAGGCCACCCGGCTGAA
GAGAACCGCCAGAAGAAGATACACCAGACGGAAGAACCGGATCTGCTATCTGCAAGA-
GATCTTCAGCAACGAGATGGGCCAAGTGGACGACAGCTTCTTCCACAGACTGGAAGAGTCCTTCCTG
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GTGGAAGAGGATAGAAGCACGAGCGGCACCCCCATCTTCGGCACATCGTGGAACGAGTGG-
CTACCACGAGAGTACCCCCACCATCTACACTGAGAAGAACTGTTGAMGGCACGACAGGCGACTGCG
CTGATCTAYAGGCTGGCCAMTGATCAGTTCGGGTCMCTTYCTKAWTCGAGGGCCGA

AxI
lentiCRISPRv2 gRNAL, Axl (1)

TCCGTATTCGATTTCTTGGCTTTATATATCTTGTGGAAAGGACGAAACACCGTTCATGG-
CCGACATTGCCAGGTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGCTAGTCCGTTATCAACTTGAAA
AAGTGGCACCGAGTCGGTGCTTTTTTGAATTCGCTAGCTAGGTCTTGAAAGGAGTGGGAATT-
GGCTCCGGTGCCCGTCAGTGGGCAGAGCGCACATCGCCCACAGTCCCCGAGAAGTTGGGGGGAGG
GGTCGGCAATTGATCCGGTGCCTAGAGAAGGTGGCGCGGGGTAAACTGGGAAAGTGAT-
GTCGTGTACTGGCTCCGCCTTTTTCCCGAGGGTGGGGGAGAACCGTATATAAGTGCAGTAGTCGCCG
TGAACGTTCTTTTTCGCAACGGGTTTGCCGCCAGAACACAGGACCGGTTCTAGAGCGCTGC-
CACCATGGACAAGAAGTACAGCATCGGCCTGGACATCGGCACCAACTCTGTGGGCTGGGCCGTGAT
CACCGACGAGTACAAGGTGCCCAGCAAGAAATTCAAGGTGCTGGGCAACACCGACCGGCA-
CAGCATCAAGAAGAACCTGATCGGAGCCCTGCTGTTCGACAGCGGCGAAACAGCCGAGGCCACCCG
GCTGAAGAGAACCGCCAGAAGAAGATACACCAGACGGAAGAACCG-
GATCTGCTATCTGCAAGAGATCTTCAGCAACGAGATGGCCAAGGTGGACGACAGCTTCTTCCACAGA
CTGGAAGAGTCCTTCCTGGTGGAAGAGGATAAGAAGCACGAGCGGCACCCCATCTTCGG-
CAACATCGTGGACGAGGTGGCCTACCACGAGAAGTACCCCACCATCTACCACCTGAGAAAGAAACTG
GTGGACAGCACCGACAAGGCCGACCTGCGGCTGATCTATCTGGCCCTGGCCCACATGAT-
CAAGTTCCGGGGCCACTTCCTGATCGAGGGCGACCTGAACCCCGACAACAGCGACGTGGACAAGCT
GTTCATCCAGCTGGTGCAGACCTACAACCAGCTGTTCGAGGAAAACCCCATCAACGC-
CAGCGGCGTGGACGCCAAGGCCATCCTGTCTGCCAGACTGAGCAAGAGCAGACGGCTGGAAAATCT
GATCGCCCAGCTGCCCGGCGAGAAAAAAATGGCCTGTTCGGAAACCTGATTGCCCTGAAC-
CTGGGCCTGACCCCAACTTCAGAGCAACTTCGACCTGGCCGAAGATGCCAAATGGCAGCTGAACAG
GGAACCCTACAGAGAACAACTGGAAAACCGGGTGGCCCAAAATGGGGAACAAAAACCCCAAC-
TGGTTTTGGGCCCCAAAAACTGGCCCAACCCCCCCTGGTGTAC

lentiCRISPRv2 gRNAL, Axl (2)

TCCGAATTCGATTTCTTGGCTTTATATATCTTGTGGAAAGGACGAAACACCGTTCATGG-
CCGACATTGCCAGGTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGCTAGTCCGTTATCAACTTGAAA
AAGTGGCACCGAGTCGGTGCTTTTTTGAATTCGCTAGCTAGGTCTTGAAAGGAGTGGGAATT-
GGCTCCGGTGCCCGTCAGTGGGCAGAGCGCACATCGCCCACAGTCCCCGAGAAGTTGGGGGGAGG
GGTCGGCAATTGATCCGGTGCCTAGAGAAGGTGGCGCGGGGTAAACTGGGAAAGTGAT-
GTCGTGTACTGGCTCCGCCTTTTTCCCGAGGGTGGGGGAGAACCGTATATAAGTGCAGTAGTCGCCG
TGAACGTTCTTTTTCGCAACGGGTTTGCCGCCAGAACACAGGACCGGTTCTAGAGCGCTGC-
CACCATGGACAAGAAGTACAGCATCGGCCTGGACATCGGCACCAACTCTGTGGGCTGGGCCGTGAT
CACCGACGAGTACAAGGTGCCCAGCAAGAAATTCAAGGTGCTGGGCAACACCGACCGGCA-
CAGCATCAAGAAGAACCTGATCGGAGCCCTGCTGTTCGACAGCGGCGAAACAGCCGAGGCCACCCG
GCTGAAGAGAACCGCCAGAAGAAGATACACCAGACGGAAGAACCG-
GATCTGCTATCTGCAAGAGATCTTCAGCAACGAGATGGCCAAGGTGGACGACAGCTTCTTCCACAGA
CTGGAAGAGTCCTTCCTGGTGGAAGAGGATAAGAAGCACGAGCGGCACCCCATCTTCGG-
CAACATCGTGGACGAGGTGGCCTACCACGAGAAGTACCCCACCATCTACCACCTGAGAAAGAAACTG
GTGGACAGCACCGACAAGGCCGACCTGCGGCTGATCTATCTGGCCCTGGCCCACATGAT-
CAAGTTCCGGGGCCACTTCCTGATCGAGGGCGACCTGAACCCCGACAACAGCGACGTGGACAAGCT
GTTCATCCAGCTGGTGCAGACCTACAACCAGCTGTTCGAGGAAAACCCCATCAACGC-
CAGCGGCGTGGACGCCAAGGCCATCCTGTCTGCCAGACTGAGCAAGAGCAGACGGCTGGAAAATCT
GATCGCCCAGCTGCCCGGCGAAAAAAAAAAATGGCCTGTTCGGAAACCTGATT-
GCCCTGAACCCGGGGCCTGACCCCCAATTTCAAAAACAACTTCCGACCTGGGCCAAGGAAGGCCAAA
CTGGAGCTGAACCAGGGAACCTTAAGAAAGAAGAACTGGAAAAACCGGGTGGGCCCAAAAT-
GGGGAAAAAAAACCCAAACCTTTTTGGGCCCCCCAAAAAACTGGGCCAAAACCCCCCTGGGGTGAAA
GAAACCTCT
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lentiCRISPRv2 gRNA2, Axl (1)

TCCGTATTCAATTCTTGGCTTTATATATCTTGTGGAAAGGACGAAACACCGCTGCGCAGG-
CGCCGAAGGAGTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGCTAGTCCGTTATCAACTTGAAAAA
GTGGCACCGAGTCGGTGCTTTTTTGAATTCGCTAGCTAGGTCTTGAAAGGAGTGGGAATTGG-
CTCCGGTGCCCGTCAGTGGGCAGAGCGCACATCGCCCACAGTCCCCGAGAAGTTGGGGGGAGGGG
TCGGCAATTGATCCGGTGCCTAGAGAAGGTGGCGCGGGGTAAACTGGGAAAGTGATGTCGTG-
TACTGGCTCCGCCTTTTTCCCGAGGGTGGGGGAGAACCGTATATAAGTGCAGTAGTCGCCGTGAACG
TTCTTTTTCGCAACGGGTTTGCCGCCAGAACACAGGACCGGTTCTAGAGCGCTGCCACCAT-
GGACAAGAAGTACAGCATCGGCCTGGACATCGGCACCAACTCTGTGGGCTGGGCCGTGATCACCGA
CGAGTACAAGGTGCCCAGCAAGAAATTCAAGGTGCTGGGCAACACCGACCGGCACAGCAT-
CAAGAAGAACCTGATCGGAGCCCTGCTGTTCGACAGCGGCGAAACAGCCGAGGCCACCCGGCTGAA
GAGAACCGCCAGAAGAAGATACACCAGACGGAAGAACCGGATCTGCTATCTGCAAGA-
GATCTTCAGCAACGAGATGGCCAAGGTGGACGACAGCTTCTTCCACAGACTGGAAGAGTCCTTCCTG
GTGGAAGAGGATAAGAAGCACGAGCGGCACCCCATCTTCGGCAACATCGTGGACGAGGTGG-
CCTACCACGAGAAGTACCCCACCATCTACCACCTGAGAAAGAAACTGGTGGACAGCACCGACAAGGC
CGACCTGCGGCTGATCTATCTGGCCCTGGCCCACATGATCAAGTTCCGGGGCCACTT-
CCTGATCGAGGGCGACCTGAACCCCGACAACAGCGACGTGGACAAGCTGTTCATCCAGCTGGTGCA
GACCTACAACCAGCTGTTCGAGGAAAACCCCATCAACGCCAGCGGCGTGGACGCCAAGG-
CCATCCTGTCTGCCAGACTGAACAAGAGCAGACGGCTGGAAAATCTGATCGCCCAGCTGCCCGGCG
AGAAGAAGAATGGCCTGTTCGGAAACCTGATTGCCCTGAGCCTGGGCCTGACCCCCAAC-
TTTCAGAAGCAACTTCAAACCTGGCCCAAGAATGCCAAACTGGCACCTGAACAAGGGAACCCTACGA
CGAAGAACCGGGAAAACCTGGTGGGCCCAAAATGGGGAAAAAAAAAACCCCACATTGGTTT

lentiCRISPRv2 gRNA2, Axl (2)

CCCGAATTCGATTCTTGGGCTTTATATATCTTGTGGGAAAGGACGAAACACCGGA-
GACGGTTGTAAATGAGCACACAAAATACACATGCTAAAATATTATATTCTATGACCTTTATAAAATCAAC
CAAAATCTTCTTTTTAATAACTTTAGTATCAATAATTAGAATTTTTAT-
GTTCCTTTTTGCAAACTTTTAATAAAAATGAGCAAAATAAAAAAACGCTAGTTTTAGTAACTCGCGTTGT
TTTCTTCACCTTTAATAATAGCTACTCCACCACTTGTTCCTAAGCGGTCAGCTCCTGCTT-
CAATCATTTTTTGAGCATCTTCAAATGTTCTAACTCCACCAGCTGCTTTAACTAAAGCATTGTCTTTAAC
AACTGACTTCATTAGTTTAACATCTTCAAATGTTGCACCTGATTTTGAAAATCCTGTTGAT-
GTTTTAACAAATTCTAATCCAGCTTCAACAGCTATTTCACAAGCTTTCATGATTTCTTCTTTTGTTAATAA
ACAATTTTCCATAATACATTTAACAACATGTGATCCAGCTGCTTTTTTTACAGCTTTCAT-
GTCTTCTAAAACTAATTCATAATTTTTGTCTTTTAATGCACCAATATTTAATACCATATCAATTTCTGTTG
CACCATCTTTAATTGCTTCAGAAACTTCGAATGCTTTTGTAGCTGTTGTGCATGCACCTA-
GAGGAAAACCTACAACATTTGTTATTCCTACATTTGTGCCTTTTAATAATTCTTTACAATAGCTTGTTCA
ATATGAATTAACACAAACTGTTGCAAAATCAAATTCAATTGCTTCATCACATAATT-
GTTTAATTTCAGCTTTCGTAGCATCTTGTTTTAATAATGTGTGATCTATATATTTGTTTAGTTTCATTTTT
TCTCCTATATATTCATTTTTAATTTTAATTCTTTAATAATTTCGTCTACTTTAACTT-
TAGCGTTTTGAACAGATTCACCAACACCTATAAAATAAATTTTTAGTTTAGGTTCAGTTCCACTTGGGC
GAACAGCAAATCATGACTTATCTTCTAAATAAAATTTTAGTAAGTCTTGTCCTGG-
CATATTATACATTCCATCGATGTAGTCTTCAACATTAACAACTTTAAGTCCAGCAATTTGAGTTAAGGG
GGTTGCTCTCAAGGATTTCATTAAGGGGTCAATTTTTAATTTCTTTTCTTCGGGTTAAAATT-
CAAGTTTAAAGGGAAAGGGGAAAATGCACCCATTTCTTTAAAAAAACCTTCCAAAAAGCCCCCAAG

Nrgl
lentiCRISPRv2 gRNA1, Nrgl (1)

TCCGAATTCGATTTCTTGGGCTTTATATATCTTGTGGAAAGGACGAAACACCGCAGCCATCT-
CATAAAGTGTGGTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGCTAGTCCGTTATCAACTTGAAAAA
GTGGCACCGAGTCGGTGCTTTTTTGAATTCGCTAGCTAGGTCTTGAAAGGAGTGGGAATTGG-
CTCCGGTGCCCGTCAGTGGGCAGAGCGCACATCGCCCACAGTCCCCGAGAAGTTGGGGGGAGGGG
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TCGGCAATTGATCCGGTGCCTAGAGAAGGTGGCGCGGGGTAAACTGGGAAAGTGATGTCGTG-
TACTGGCTCCGCCTTTTTCCCGAGGGTGGGGGAGAACCGTATATAAGTGCAGTAGTCGCCGTGAACG
TTCTTTTTCGCAACGGGTTTGCCGCCAGAACACAGGACCGGTTCTAGAGCGCTGCCACCAT-
GGACAAGAAGTACAGCATCGGCCTGGACATCGGCACCAACTCTGTGGGCTGGGCCGTGATCACCGA
CGAGTACAAGGTGCCCAGCAAGAAATTCAAGGTGCTGGGCAACACCGACCGGCACAGCAT-
CAAGAAGAACCTGATCGGAGCCCTGCTGTTCGACAGCGGCGAAACAGCCGAGGCCACCCGGCTGAA
GAGAACCGCCAGAAGAAGATACACCAGACGGAAGAACCGGATCTGCTATCTGCAAGA-
GATCTTCAGCAACGAGATGGCCAAGGTGGACGACAGCTTCTTCCACAGACTGGAAGAGTCCTTCCTG
GTGGAAGAGGATAAGAAGCACGAGCGGCACCCCATCTTCGGCAACATCGTGGACGAGGTGG-
CCTACCACGAGAAGTACCCCACCATCTACCACCTGAGAAAGAAACTGGTGGACAGCACCGACAAGGC
CGACCTGCGGCTGATCTATCTGGCCCTGGCCCACATGATCAAGTTCCGGGGCCACTT-
CCTGATCGAGGGCGACCTGAACCCCGACAACAGCGACGTGGACAAGCTGTTCATCCAGCTGGTGCA
GACCTACAACCAGCTGTTCGAGGAAAACCCCATCAACGCCAGCGGCGTGGACGCCAAGG-
CCATCCTGTCTGCCAGACTGAGCAAGAGCAGACGGCTGGAAAATCTGATCGCCCAGCTGCCCGGCG
AAAAAAAAAATGGCCTGTTCGGAAACCTGATTGCCCGAACCTGGG-
CCTGACCCCCAATTTCAGAAGAAATTTCAACCTGGCCAAGATGCCAAATGGACCTGAACAAGGGACC
CTTCAAGACAACTGGAAAACCGGTGGGCCCAAATTGGGAACAGAACGCCAACTGTTTTTGGG-
CCCCAAAAACTGTCCAAACCCCCCCGGGGAACAAAATCCAGAAGAGAAACCAAATAACCAAGGCCCC
CGGGCCCCCTTTAAAAAAAAAAAAAAGACCCCACAGAAA-
TAGCCCCGGGGAAGAATTTGGGGGGAGAAGGTG

lentiCRISPRv2 gRNA1, Nrgl (2)

TAAGGGAATCAGTGTGTTGGAATTTGTGCTCATTACCGGTGAGCGGAAAAGATGGGCGT-
CATCTAGGTTGCTAACGCTCATCACCTTCATCTTGCTCTCCTCAGTTTCTCTCTCTTCGCCGACGACGA
ATAGAATCCCATCTTCGCAAACGATCTCTCCCTCTGAAGAAAAGATCTCACCGGA-
GATCGCTCCTCTCCTCCCTTCACCCGCCGTCTCCTCCACTCAAACCATCCCTTCTTCTTCGACACTTC
CTGAACCAGAAAACGACGACGTTTCCGCAGATCCTGAGCCCGCCTTCGCTCCATCGGCTT-
CTCCTCCGGCTTCATCTCTTGCTTCTCTGTCTTCTCAAGCTCCCGGAGTTTTCATCTACTTTGTCTTCG
CCGCCGTCTATTGTTTCTCGCTCCGGCTTCTTGCCGTTTCAGCTATATAGGTCATT-
CATATATTTTAGACCACGTACGTCATTATTTTCATGAGTTTATTTGTCCCCTAAAAATAACGAATAATATT
AGATTTAGTTTGATTTTCAATTTTTTTTTACTATTTGTATTTTTTATTGTTCTCCAC-
TTAACATTTTGTTACAGTTTTAGATTGGTTAAGGGAAAACAAAAAAAAAAAGAAATAATGAGCTGTCGT
GCTGTGTAGTTATGCACATCCCTACATGCCCAAAACATGAGCGCATTTATATGACAAGG-
TAATGAGAGATGGTGTTGCGTAAGGTAGG

lentiCRISPRv2 gRNA2, Nrgl (1)

CCCGAATTCGATTCTTGGGCTTTATATATCTTGTGGAAAGGACGAAACACCGAGCTAT-
TAAGGAACACCAGGGTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGCTAGTCCGTTATCAACTTGA
AAAAGTGGCACCGAGTCGGTGCTTTTTTGAATTCGCTAGCTAGGTCTTGAAAGGAGT-
GGGAATTGGCTCCGGTGCCCGTCAGTGGGCAGAGCGCACATCGCCCACAGTCCCCGAGAAGTTGGG
GGGAGGGGTCGGCAATTGATCCGGTGCCTAGAGAAGGTGGCGCGGGGTAAACTGGGAAAGT-
GATGTCGTGTACTGGCTCCGCCTTTTTCCCGAGGGTGGGGGAGAACCGTATATAAGTGCAGTAGTCG
CCGTGAACGTTCTTTTTCGCAACGGGTTTGCCGCCAGAACACAGGACCGGTTCTA-
GAGCGCTGCCACCATGGACAAGAAGTACAGCATCGGCCTGGACATCGGCACCAACTCTGTGGGCTG
GGCCGTGATCACCGACGAGTACAAGGTGCCCAGCAAGAAATTCAAGGTGCTGGG-
CAACACCGACCGGCACAGCATCAAGAAGAACCTGATCGGAGCCCTGCTGTTCGACAGCGGCGAAAC
AGCCGAGGCCACCCGGCTGAAGAGAACCGCCAGAAGAAGATACACCAGACGGAAGAACCG-
GATCTGCTATCTGCAAGAGATCTTCAGCAACGAGATGGCCAAGGTGGACGACAGCTTCTTCCACAGA
CTGGAAGAGTCCTTCCTGGTGGAAGAGGATAAGAAGCACGAGCGGCACCCCATCTTCGG-
CAACATCGTGGACGAGGTGGCCTACCACGAGAAGTACCCCACCATCTACCACCTGAGAAAGAAACTG
GTGGACAGCACCGACAAGGCCGACCTGCGGCTGATCTATCTGGCCCTGG-
CCCACATGATCAAGTTCCGGGGCCACTTCCTGATCGAGGGCGACCTGAACCCCGACAACAGCGACG
TGGACAAGCTGTTCATCCAGCTGGTGCA-
GACCTACAACCAGCTGTTCGAGGAAAACCCCATCAACGCCAGCGGCGTGGACGCCAAGGCCATCCT
GTCTGCCAGACTGAACAAGAGCAGACGGCTGGAAAATCTGATCGCCCAGCTGCCCGGCGA-
GAAAAAAAATGGCCTGTTCGGAAACCTGATTGCCCTGAACCGGGGCCTGACCCCCAATTTCAGAAGA
AATTTCGACCTGGCCCAAGAATGCCAAATGG-
CGCTGAACAGGGAACCCTCCAACAACAACTGGGAAACC
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lentiCRISPRv2 gRNA2, Nrgl (2)

CCCGTATTGATTTCTTGGCTTTATATATCTTGTGGAAAGGACGAAACACCGAGCTAT-
TAAGGAACACCAGGGTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGCTAGTCCGTTATCAACTTGA
AAAAGTGGCACCGAGTCGGTGCTTTTTTGAATTCGCTAGCTAGGTCTTGAAAGGAGT-
GGGAATTGGCTCCGGTGCCCGTCAGTGGGCAGAGCGCACATCGCCCACAGTCCCCGAGAAGTTGGG
GGGAGGGGTCGGCAATTGATCCGGTGCCTAGAGAAGGTGGCGCGGGGTAAACTGGGAAAGT-
GATGTCGTGTACTGGCTCCGCCTTTTTCCCGAGGGTGGGGGAGAACCGTATATAAGTGCAGTAGTCG
CCGTGAACGTTCTTTTTCGCAACGGGTTTGCCGCCAGAACACAGGACCGGTTCTA-
GAGCGCTGCCACCATGGACAAGAAGTACAGCATCGGCCTGGACATCGGCACCAACTCTGTGGGCTG
GGCCGTGATCACCGACGAGTACAAGGTGCCCAGCAAGAAATTCAAGGTGCTGGG-
CAACACCGACCGGCACAGCATCAAGAAGAACCTGATCGGAGCCCTGCTGTTCGACAGCGGCGAAAC
AGCCGAGGCCACCCGGCTGAAGAGAACCGCCAGAAGAAGATACACCAGACGGAAGAACCG-
GATCTGCTATCTGCAAGAGATCTTCAGCAACGAGATGGCCAAGGTGGACGACAGCTTCTTCCACAGA
CTGGAAGAGTCCTTCCTGGTGGAAGAGGATAAGAAGCACGAGCGGCACCCCATCTTCGG-
CAACATCGTGGACGAGGTGGCCTACCACGAGAAGTACCCCACCATCTACCACCTGAGAAAGAAACTG
GTGGACAGCACCGACAAGGCCGACCTGCGGCTGATCTATCTGGCCCTGG-
CCCACATGATCAAGTTCCGGGGCCACTTCCTGATCGAGGGCGACCTGAACCCCGACAACAGCGACG
TGGACAAGCTGTTCATCCAGCTGGTGCA-
GACCTACAACCAGCTGTTCGAGGAAAACCCCATCAACGCCAGCGGCGTGGACGCCAAGGCCATCCT
GTCTGCCAGACTGAGCAAGAGCAGACGGCTGGAAAATCGGATCGCCCAGCTGCCCGG-
CAAAAAGAAGAATGGCCTGTTCGGAAACCTGATTGCCCTGAACCTGGGCCTGACCCCAACTTCAAGA
GCAACTTCCAACCTGGCCGAGGATGCCAACTG-
GAGCTGAACAAGGACCCCTACAAGAAGAACCTGGAAAACCTGGTGGGCCATATCGGGACAATACGC
GAACTGTTTTTGGGCCCCAAGAACTGTTCAAAACCCCCGGTGAGGAAACCCTGA
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Price for lentiviral vector digestion, oligo annealing and cloning
into digested vector

Lentiviral vector digestion, oligo annealing and cloning into digested vector

Plasmid extraction (midiprep)

Kit/supply reaction (pc.) kit [pc.) kit price (ALV 0%) price for midi (100 ul)
Nucleobond Extra midi kit 100 preps+10 preps (740410.100) 1 100 818 8,18
Falcon (S0ml) 1 500 64 0,128
Reagent reaction (ul) kit {ul) kit price (ALV 0%) price for midi (100 ul)
Hyclone H20 100 1000 13,54 1354
LB-broth (BMO040) 200 1000 8 16
Ampicillin(100 mg/ml), cn: AD166-5G 50 50000 54,54 0,05454
Mittapipetti 5 ml (cn:86.1253.001) 3 500 72,2 0,4332
Mittapipetti 10 ml (cn: 86.1254.001) 4 500 72,2 0,5776
Mittapipetti 25 ml (cn: B6.1685.001) 1 500 72,2 0,1444
1000 ul refill tips 10x96 (705-1111-6700) 1 960 336 0,035

5 ug per reaction (~1,8 ug/ul)  midi stock midi price estimated price per reaction
Estimated price for one reaction 2,77 100 12,50674 0,346

Phasel
Reagent/kit reaction volume {ul) Kit {ul) Kit price (ALV 0%) Price per reaction
FastDigest Esp31 (BsmBl), cn:FD0454 35 20 61,69 10,80
FastAP (cn:EFD651) 35 1000 61,8 0,22
100 mM DTT 06 25 0,00589615 0,0014 [
HyClone H20 (dilution added) 10471 100000 13,54 0,142

reaction (pc.) Kit (pc.) Kit price (ALV 0%) Price per reaction
PCR tubes 0,2 ml, thin-walled tubes with flat cap (AB-0620) 1 1000 26,4 0,026
10/20 ul refill tips 10x96 tips (70-51110-3700) 6 960 256 0,160

Phase 2
Reagent/kit reaction volume (ul) Kit ul) Kit price (ALV 0%) Pricer per reaction
SYBR Safe DNA gel stain 1000x (cn:533102) 10 400 66,71 1,668
Agarose (g not ul), cn:443025T 07 500 806 1,128
DNA ladder 10 5000 103,69 0,207
Supply reaction (pc.) Kit (pc.) Kit price ALV 0%) Pricer per reaction
Nucleospin Gel and PCR clean up (cn: 740609.250) 1 250 115
10/20 ul refill tips 10x96 tips {70-51110-3700) 2 960 256 0,053
Microcentrifuge tubes 1,5 ml Eppendorf (KART279) 2 500 11,29 0,045
1000 ul refill tips 10x96 (705-1111-6700) E] 960 336 0,105
200 ul refill tip 10 x 96 (70-51111-0700) 1 960 214 0,022

Phase3 &4
Reagent reaction volume (ul) Kit ul) Kit price (ALV 0%) Price per reaction
T4 PNK (M02015) 05 58 0,58
HyClane H20 205,5 100000 13,54 0,0278
Oligos (FWD+REV-dispatching costs) 19,5
Supply reaction (pc.) Kit (pc.) Kit price (ALV 0%) Price per reaction
PCR tubes 0,2 ml, thin-walled tubes with flat cap (AB-0620) 2 1000 26,4 0,053
10/20 ul refill tips 10x96 tips (70-51110-3700) 6 960 256 0,160

Phase5
Reagent reaction volume (ul) Kit (ul) Kit price (ALV 0%) Price per reaction
Quick Ligation (M2200S) 15 30 124 6,20
HyClone H20 3 100000 13,54 0,0004
Supply reaction (pc.) Kit (pc.) Kit price (ALV 0%) Price per reaction
PCR tubes 0,2 ml, thin-walled tubes with flat cap (AB-0620) 1 1000 26,4 0,03
10/20 ul refill tips 10x96 tips (70-51110-3700) 5 960 256 0,13

Phaseé
Supply Reaction volume (ul) STK {ul) STK price (ALV 0%) Price per reaction
one shot stbl3 com E.coli, 80 ul {C737303) 100 1000 460,97 46,10
PUC19 1 100 835 0,835
Supply reaction (pc.) Kit {pc.) Kit price (ALV 0%) Price per reaction
LB+ampicillin plate (sample+controls) 3 18,95
Microcentrifuge tubes 1,5 ml Eppendorf (KART279) 1 500 11,29 0,02
greiner pydredpohia sentrifugiputki 14 ml (187261) 1 800 98,6 0,12
inoculation spreader (86.1569.005) 1 500 150,36 0,30
10/20 ul refill tips 10x96 tips (70-51110-3700) 1 960 256 0,03
200 ul refill tip 10 x 96 (70-51111-0700) 1 960 214 0,02
LB-broth (BM040) 5 1000 8 0,04
Ampicillin{100 mg/mi), cn: AD166-56 5 50000 54,54 0,01
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Phase7

Supply reaction (pc.) Kit (pe.) Kit price (ALV 0%) Price per reaction

Nucleospin plasmid mini kit Transfection grade (740490) 2 250 411 164

glycerol 100 % > 50 % (Kit price/2) 800 1000000 5,645 0,005

Micracentrifuge tubes 1,5 ml Eppendorf (KART279) a 500 11,29 0,030

Cryotubes 2 500 835 0,234

1000 ul refill tips 10x96 (705-1111-6700) I 12 960 336 0420

200 ul refill tip 10 x 96 (70-51111-0700) 2 960 21,4 0,045
Total 11271 €
Total (110%) 1240 €

Time

Phase time(h)

Gel+pipeting (p1) 1,00

Gel purification (p2) 0,83

phospharylate and anneal oligos (p3) 0,25

dilute and ligation reaction (p4 and p5) 0,67

Transformation into Stbl3 bacteria 147

Inoculation to LB-ampicillin brath + plasmid DNA isolation and purification+cryotubes 2,50

Total 672 h

Price 10€/h 67,17 €
Total (costs+time) 17987 €

Total (costs+time, 110%) 191,14 €
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