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SXSSOePeQWaU\ MaWeULaOV aQd MeWKRdV 

CeOO OLQeV 

Colon canceU cell lineV (SW48, HT-29, HCT-116 and SW480) ZeUe pXUchaVed fUom Whe AmeUican 
T\pe CXlWXUe CollecWion (ATCC). All of Whem ZeUe cXlWXUed in DXlbecco¶V Modified Eagle¶V MediXm 

(DMEM) VXpplemenWed ZiWh 10% feWal boYine VeUXm (FBS) and 1% penicillin/VWUepWom\cin aW 37�C 

and 5% CO2. All cell lineV ZeUe aXWhenWicaWed b\ VhoUW Wandem UepeaW pUofiling (LGS SWandaUdV SLU) 

and WeVWed foU Whe abVence of m\coplaVma. FoU DNA demeWh\laWing WUeaWmenW, SW48 and HT-29 cellV 

ZeUe cXlWXUed ZiWh 1 �M 5-a]a-2¶-deo[\c\Widine (Sigma) foU 72 hoXUV. FoU mRNA deca\ anal\VeV, 

cellV ZeUe incXbaWed ZiWh acWinom\cin D (Sigma) aW 10 �g/mL and collecWed aW 0, 1.5, 3 and 6 hoXUV 

afWeU WUeaWmenW UeleaVe oU ZiWh alpha-amaniWin (MedChemE[pUeVV) aW 20 �g/mL and collecWed aW 0, 4, 

8 and 24 hoXUV afWeU WUeaWmenW UeleaVe. 

DNA PeWK\OaWLRQ aQaO\VeV 

DNA meWh\laWion VWaWXV aW gene pUomoWeU ZaV deWeUmined b\ DNA meWh\laWion micUoaUUa\V and 

biVXlfiWe genomic VeTXencing. The DNA meWh\laWion micUoaUUa\ XVed ZaV Whe InfiniXm 

HXmanMeWh\laWion450 BeadChip (IllXmina). In Vilico meWh\laWion anal\VeV of TRMT5, TYW1, TYW2, 

TYW3, TYW4 and TYW5 geneV in pUimaU\ WXmoU VampleV fUom TCGA and canceU cell lineV (1) ZeUe 

peUfoUmed conVideUing Whe CpG ViWeV locaWed aW Whe 5¶-end UegXlaWoU\ UegionV. DNA meWh\laWion YalXeV 

of indiYidXal CpG ViWeV foU TCGA cohoUWV of pUimaU\ WXmoUV and healWh\ WiVVXeV and cell lineV aUe 

liVWed in DaWaVeWV S1 WR S3. FoU biVXlfiWe genomic VeTXencing, genomic DNA ZaV conYeUWed XVing 

Whe EZ DNA MeWh\laWion-Gold KiW (ZYMO ReVeaUch). BiVXlfiWe PCR pUodXcWV ZeUe WUanVfoUmed inWo 

compeWenW bacWeUia and a minimXm of 10 cloneV ZeUe VeTXenced Wo calcXlaWe meWh\laWion fUeTXenc\. 

BiVXlfiWe PCR pUimeUV XVed aUe liVWed in SI ASSeQdL[ TabOe S2. ReVXlWV ZeUe anal\]ed ZiWh BioEdiW 

VofWZaUe and meWh\laWed c\WoVineV ZeUe mapped XVing BSMap VofWZaUe. 

E[SUeVVLRQ aQaO\VeV 

RNA e[pUeVVion ZaV aVVeVVed b\ TXanWiWaWiYe UeYeUVe WUanVcUipWion PCR (TRT-PCR). ToWal RNA ZaV 

e[WUacWed fUom cell pelleWV XVing Whe Simpl\RNA kiW (PUomega) in Whe aXWomaWed Ma[Zell RSC deYice 

(PUomega). 2 �g of WoWal RNA ZeUe conYeUWed Wo cDNA XVing Whe ReYeUWAid FiUVW SWUand cDNA 

V\nWheViV kiW (TheUmofiVheU ScienWific) accoUding Wo manXfacWXUeUV¶ VpecificaWionV. QXanWiWaWiYe PCR 

ZaV condXcWed XVing SYBR GUeen PCR MaVeU Mi[ (Applied BioV\VWemV). All TRT-PCR ZeUe 

noUmali]ed XVing GAPDH e[pUeVVion aV endogenoXV conWUol e[cepW foU alpha-amaniWin mRNA deca\, 

Zhich ZaV noUmali]ed XVing 28S URNA e[pUeVVion. All TRT-PCR pUimeUV aUe liVWed in SI ASSeQdL[ 
TabOe S2.  



PUoWein e[pUeVVion ZaV deWeUmined b\ ZeVWeUn bloWWing. ToWal pUoWein ZaV e[WUacWed ZiWh Laemli 

Vample bXffeU (62.5 mM TUiV-HCl pH 6.8, 25% gl\ceUol, 2% SDS, 0.01% bUomophenol blXe, 5% ȕ-

meUcapWoeWhanol) oU RIPA bXffeU (20 mM TUiV-HCl pH 7.5, 150 mM NaCl, 1 mM Na2EDTA, 1 mM 

EGTA, 1% NP-40), and Lamin B1 (LMNB1), ȕ-acWin (ACTB) oU VincXlin (VCL) ZeUe XVed aV loading 

conWUolV. FoU membUane fUacWion enUichmenW Wo peUfoUm ROBO1 ZeVWeUn bloW, fUeVh cell pelleWV ZeUe 

fUacWioned XVing PUoWeoE[WUacW� SXbcellXlaU PUoWeome E[WUacWion KiW (MeUck) and Calne[in (CANX) 

ZaV XVed aV endogenoXV conWUol. All pUimaU\ anWibodieV XVed aUe liVWed in SI ASSeQdL[ TabOe S2. 

GeQe e[SUeVVLRQ PRdXOaWLRQ LQ ceOO OLQeV 

TYW2 e[pUeVVion ZaV aboliVhed in XnmeWh\laWed cell lineV XVing Whe CRISPR/CaV9 V\VWem aV 

pUeYioXVl\ deVcUibed (2). TZo diffeUenW VgRNA ZeUe cloned inWo pSpCaV9(BB)-2A-GFP YecWoU 

(Addgene) and WUanVfecWed VimXlWaneoXVl\ in HCT-116 and SW480 cell lineV XVing JeWPUime� 

TUanVfecWion ReagenW. GUeen poViWiYe cell lineV ZeUe iVolaWed b\ cell VoUWing Wo eVWabliVh clonal cell 

lineV afWeU 48 hoXUV of WUanVfecWion and lefW foU clonal e[panVion foU appUo[imaWel\ WhUee ZeekV. 

KnockoXW cloneV ZeUe VcUeened b\ amplificaWion and VeTXencing of Whe VgRNA WaUgeW Uegion ZiWhin 

TYW2 gene bod\. VgRNA conVWUXcWionV and pUimeUV XVed foU amplificaWion of Whe WaUgeWed Uegion aUe 

liVWed in SI ASSeQdL[ TabOe S2. FoU VWable TYW2 UeVWoUaWion in Whe h\peUmeWh\laWed HT-29 cell line, 
TYW2 cDNA ZaV obWained fUom Whe HCT-116 cell line and cloned inWo pLVX-IRES-ZVGUeen1 plaVmid 

(ClonWech) ZiWh a Ko]ak VeTXence and a Flag-Wag aW Whe C-WeUminXV of Whe pUoWein. LenWiYiUXV 

conWaining WhiV conVWUXcW ZeUe pUodXced b\ coWUanVfecWing HEK293T cellV ZiWh UecombinanW pLVX-

IRES-ZVGUeen, pVPAX2 (Addgene) and pMD2.G (Addgene) XVing JeWPUime� TUanVfecWion ReagenW. 

AfWeU 72 hoXUV, YiUXV-conWaining media ZaV collecWed, filWeUed and deliYeUed Wo HT-29 cellV. GUeen 

poViWiYe infecWed cellV ZeUe pXUified b\ cell VoUWing afWeU fiYe paVVageV. TYW2 cloning pUimeUV aUe 

liVWed in SI ASSeQdL[ TabOe S2.  

FoU ViRNA WUanVfecWion, 200.000 cellV ZeUe WUanVfecWed ZiWh 50 nM ViRNA againVW UPF1 (TheUmofiVheU 

ScienWific ViRNA ID 12290) oU a negaWiYe conWUol XVing JeWPUime� TUanVfecWion ReagenW accoUding Wo 

manXfacWXUeU¶V inVWUXcWionV. AfWeU 48 hoXUV, cellV ZeUe collecWed b\ cell VcUaping and RNA e[WUacWion 
ZaV condXcWed aV pUeYioXVl\ deVcUibed.  

FoU WUanVienW ROBO1 oYeUe[pUeVVion, ROBO1 cDNA fUom SW480 WT cell line ZaV cloned inWo 

pcDNA4 T/O YecWoU (TheUmofiVheU ScienWific) ZiWh a Ko]ak VeTXence and a HA-Wag aW Whe C-WeUminXV 

of Whe pUoWein. ThiV conVWUXcW and Whe empW\ pcDNA4 T/O ZeUe WUanVfecWed XVing JeWPUime� 

TUanVfecWion ReagenW folloZing Whe manXfacWXUeU¶V indicaWionV. CellV ZeUe collecWed afWeU 72 hoXUV 

and RNA and pUoWein ZeUe e[WUacWed aV pUeYioXVl\ deVcUibed. 

 



WRNA QXcOeRVLdeV OLTXLd cKURPaWRJUaSK\ - PaVV VSecWURPeWU\ (LC/MS) 

ToWal RNA ZaV e[WUacWed XVing TRI]ol UeagenW aV peU manXfacWXUeU¶V inVWUXcWionV. ToWal RNA ZaV 

VXbjecWed Wo XUea-PAGE VepaUaWion Wo iVolaWe WRNA fUacWion. Ne[W, WRNA ZeUe digeVWed ZiWh NXcleaVe 

T1 (Wako PXUe Chemical IndXVWUieV), phoVphodieVWeUaVe I (WoUWhingWon Biochemical CoUpoUaWion) and 

bacWeUial alkaline phoVphaWaVe (TakaUa Bio). NXcleoVideV ZeUe anal\]ed b\ liTXid chUomaWogUaph\-

maVV VpecWUomeWU\ (LC/MS) aV deVcUibed pUeYioXVl\ (3) XVing QE[acWiYe and U3000 liTXid 

chUomaWogUaph\ V\VWem (TheUmofiVheU ScienWific). BUiefl\, nXcleoVideV ZeUe VepaUaWed on ]ic-cHILIC 

colXmn (3Xm, 100Å,150î2.1 mm, MeUck), and When ioni]ed and deWecWed b\ ESI-QE[acWiYe (3). 

-1 SURJUaPPed ULbRVRPe IUaPeVKLIW eYaOXaWLRQ 

-1 pUogUammed UiboVome fUameVhifWing eYenWV ZeUe eYalXaWed XVing a dXal lXcifeUaVe UepoUWeU (4) and 

a dXal GST UepoUWeU (5) aV deVcUibed pUeYioXVl\. FoU Whe dXal lXcifeUaVe e[peUimenW, Uenilla and fiUefl\ 

lXcifeUaVeV ZeUe cloned inWo pcDNA4 T/O YecWoU (TheUmofiVheU ScienWific) VepaUaWed b\ Whe VlippeU\ 
VeTXence of inWeUeVW. ShoXld Whe UiboVome UeWUocede, Whe neZ Ueading fUame ZiWh geneUaWe a 

pUemaWXUe VWop codon and fiUefl\ acWiYiW\ Zill be aboliVhed. All pUimeUV XVed foU lXcifeUaVe amplificaWion 

and geneUaWion of Whe inWeUUogaWed VlippeU\ VeTXenceV aUe liVWed in Whe SI ASSeQdL[ TabOe S2. ThiV 

UepoUWeU ZaV WUanVfecWed inWo 10.000 cellV plaWed in 96-Zell ZhiWe plaWeV afWeU oYeUnighW adheUence 

XVing JeWPUime� TUanVfecWion ReagenW accoUding Wo manXfacWXUeU¶V inVWUXcWionV. FiUefl\ and Uenilla 

lXmineVcence ZeUe deWeUmined afWeU 72 hoXUV XVing Whe DXal GloTM LXcifeUaVe AVVa\ S\VWem 

(PUomega) ZiWh Whe folloZing change on Whe manXfacWXUeUV¶ VWandaUd pUoWocol: 45 �L of each UeagenW 

ZeUe XVed inVWead of Whe Vame YolXme of media. A minimXm of foXU biological UeplicaWeV ZiWh Wechnical 

WUiplicaWeV ZeUe anal\]ed.  

FoU Whe dXal GST UepoUWeU, WZo GST coding VeTXenceV in diffeUenW Ueading fUameV ZeUe cloned inWo 

pcDNA4 T/O (TheUmofiVheU ScienWific), VepaUaWed b\ Whe HIV VlippeU\ and VWimXlaWoU\ VeTXenceV and 

an in fUame VWop codon. The fiUVW GST ZaV pUeceded b\ an HA-Wag. All pUimeUV XVed foU GST 

amplificaWion and geneUaWion of Whe inWeUUogaWed VlippeU\ VeTXenceV aUe liVWed in Whe SI ASSeQdL[ 
TabOe S2.  TUanVlaWion VWopV aW Whe fiUVW VWop codon, geneUaWing a 28 kDa pUoWein ZiWh a Vingle GST. In 

caVe of UiboVome fUameVhifW, Whe alWeUaWion of Whe Ueading fUame eliminaWeV Whe fiUVW VWop codon and 

Whe Vecond GST iV WUanVlaWed, geneUaWing a dXal GST pUoWein of 52 kDa. ThiV UepoUWeU ZaV WUanVfecWed 

inWo cellV aW 70% conflXence in 6-Zell plaWeV XVing JeWPUime� TUanVfecWion ReagenW folloZing Whe 

manXfacWXUeU¶V indicaWionV. 72 hoXUV afWeU WUanVfecWionV, cellV ZeUe collecWed and WoWal pUoWein ZaV 

e[WUacWed, aV pUeYioXVl\ deVcUibed and UepoUWeU e[pUeVVion ZaV eYalXaWed b\ ZeVWeUn bloWWing XVing 

anWi-HA anWibod\. FUameVhifW fUeTXenc\ ZaV conVideUed Wo be Whe fUacWion of dXal GST pUoWein 

compaUed Wo Whe WoWal pUoWein geneUaWed foUm Whe UepoUWeU. 



RNA-VeTXeQcLQJ e[SeULPeQW aQd daWa ILOWeULQJ 

ToWal RNA fUom HCT-116 Zild-W\pe and TYW2 CRISPR/CaV9 knockoXW ZaV e[WUacWed on a Ma[Zell 

RSC deYice. 5 �g of WoWal RNA fUom WhUee biological UeplicaWeV fUom each Vample ZeUe XVed foU RNA-

VeTXencing (RNA-VeT) anal\VeV. The RNA-VeT libUaUieV ZeUe pUepaUed fUom WoWal RNA ZiWh 

TUXSeT�SWUanded mRNA LT Sample PUep KiW (IllXmina). Each libUaU\ ZaV VeTXenced XVing TUXSeT 

SBS KiW Y4-HS, in paiUed-end mode ZiWh a Uead lengWh of 2[76+8+8bp. We obWained beWZeen 60 and 

80 million paiUed-end UeadV in a fUacWion of a VeTXencing lane on HiSeT2500 (IllXmina) folloZing Whe 

manXfacWXUeU¶V pUoWocol. RaZ UeadV ZeUe TXaliW\ aVVeVVed and pUepUoceVVed XVing FASTQC 

(Y0.11.7) and TUimmomaWic (Y0.36) VofWZaUe. DiffeUenWial e[pUeVVion anal\ViV ZaV peUfoUmed XVing 

DESeT2 BiocondXcWoU package (Y1.18.1) (6), in R (Y3.4.3). Gene annoWaWionV ZeUe e[WUacWed fUom 

GENECODE (Y28). GeneV ZeUe conVideUed Wo be diffeUenWiall\ e[pUeVVed Zhen log2 fold change < -

1.0 oU > 1.0 and adjXVWed p-YalXe < 0.05.  

GO-biological pUoceVVeV gene VeWV inclXded in Whe GSEA VignaWXUe daWabaVe ZeUe XVed Wo peUfoUm 

an oYeU-UepUeVenWaWion anal\ViV on Whe doZnUegXlaWed WUanVcUipWV. Top Wen gene clXVWeUV UeVXlWing 

fUom a h\peUgeomeWUic WeVW ZiWh FDR adjXVWed p-YalXe <0.05 ZeUe conVideUed. Coding geneV ZeUe 

TXeUied Wo Whe PRFdb (7) and inWeUUogaWed foU Whe pUeVence of pXWaWiYe VlippeU\ VeTXenceV. To VeaUch 
foU hXman WUanVcUipWV ZiWhoXW phen\lalanine codonV in WheiU coding VeTXence, Ze doZnloaded 

³PUoWein-coding WUanVcUipW WUanVlaWion VeTXenceV´ fUom Gencode Y34 (8) and Ze VelecWed pUoWeinV 

ZiWhoXW Phe in all WheiU annoWaWed WUanVcUipWV. FUom WhiV liVW of pUoWeinV ZiWhoXW Phe and oXU liVW of 

candidaWe geneV, Ze foXnd Whe inWeUVecWion Wo diVcoYeU Zhich of oXU candidaWe geneV do noW haYe Phe 

in an\ of WheiU iVofoUmV. We VeaUched foU all knoZn inWeUacWionV occXUUing in oXU 2046 doZnUegXlaWed 

candidaWeV VeW XVing STRINGVb R package (Y2.0.0) Wo inWeUUogaWe STRINGdb Y11 (9). We XVed Whe 

package fXncWionaliW\ Wo calcXlaWe PPI enUichmenW p YalXeV and Wo find Whe beVW VXbneWZoUkV b\ XVing 

Whe ³faVWgUeed\´ clXVWeUing algoUiWhm. NeWZoUk ploWV ZeUe conVWUXcWed XVing igUaph R package 

(Y.1.2.5).  

MLJUaWLRQ aVVa\V 

Cell migUaWion capaciW\ ZaV aVVeVVed b\ WUanVZell aVVa\. 100.000 HCT-116 cellV and 200.000 SW480 

cellV ZeUe Veeded in VeUXm-fUee media in Whe XppeU chambeU of an 8 �m poUe WUanVZell pol\caUbonaWe 

membUane inVeUW and lefW foU migUaWion Wo Whe VeUXm-conWaining loZeU chambeU. EmpW\ YecWoU and 

ROBO1-WUanVfecWed cellV ZeUe collecWed and Veeded in VeUXm-fUee media 24 hoXUV afWeU Whe 

WUanVfecWion. AfWeU 48 hoXUV, WUanVZell membUaneV ZeUe fi[ed ZiWh 10% WUichloUoaceWic acid foU 1 hoXU 

and VWained ZiWh 0.057% SRB foU 30 minXWeV. ImageJ ZaV Wo calcXlaWe Whe peUcenWage of membUane 

aUea occXpied b\ cellV Wo aVVeVV cell migUaWion. 



CeOO c\cOe aVVa\V 

Cell c\cle ZaV anal\]ed in BUomodeo[\XUidine (BUdU) labelled cellV XVing an APC anWi-BUdU/7AAD 

VWaining XVing an APC BUdU FloZ KiW (BD BioVcienceV, 552598). BUiefl\, cellV ZeUe incXbaWed ZiWh 

10ȝM BUdU dXUing 1h aW 37�C. Then, cellV ZeUe ZaVhed, fi[ed and peUmeabili]ed folloZing 

manXfacWXUeU¶V inVWUXcWionV. SampleV ZeUe incXbaWed ZiWh APC-labeled anWi-BUdU anWibod\ dXUing 30 

minXWeV aW Uoom WempeUaWXUe. Then WoWal DNA ZaV VWained XVing 2XL of 7AAD VolXWion. A minimXm of 

10,000 cellV ZaV anal\]ed peU Vample. E[peUimenWV ZeUe peUfoUmed in WUiplicaWe. 

SWaWLVWLcV 

The aVVociaWion beWZeen YaUiableV ZeUe aVVeVVed b\ SpeaUman¶V coUUelaWion, XnpaiUed SWXdenW¶V W-

WeVW oU Chi-VTXaUed WeVW aV appUopUiaWe. DaWa noUmaliW\ ZaV aVVeVVed XVing a ShapiUo-Wilk WeVW. 

Kaplan-MeieU ploWV and LogUank (ManWel-Co[) WeVWV ZeUe XVed Wo eVWimaWe oYeUall VXUYiYal (OS) 

WhUoXgh XniYaUiaWe and mXlWiYaUiaWe Co[ pUopoUWional ha]aUdV UegUeVVion modelV. SWaWiVWical anal\VeV 

ZeUe caUUied oXW ZiWh R pUogUamming enYiUonmenW, GUaphPad PUiVm 5 and IBM SPSS VofWZaUe. 

ValXeV of p < 0.05 ZeUe conVideUed VWaWiVWicall\ VignificanW.  

DaWa aYaLOabLOLW\ 

HCT-116 Zild-W\pe and TYW2 CRISPR/CaV9-mediaWed knockoXW RNA-VeT daWa haYe been depoViWed 
in Whe SeTXence Read AUchiYe UepoViWoU\ (SRA) XndeU pUojecW code PRJNA596997. DaWa can be 

acceVVed WhUoXgh Whe folloZing Zeb addUeVV: hWWpV://WUace.ncbi.nlm.nih.goY/TUaceV/VUa/VUa.cgi 
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Supplementary figure S1. DNA methylation status of genes involved in OHyW and o2yW synthesis.

In silico screening of the percentage of methylated cases of TRMT5, TYW1, TYW3, TYW4 and TYW5 in (A) TCGA data sets of
primary tumors and (B) in cancer cell lines.
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Supplementary figure S2. Expression levels of genes involved in OHyW and o2yW synthesis.

In silico screening of the expression of TRMT5, TYW1, TYW2, TYW3, TYW4 and TYW5 in TCGA data sets of primary tumors of the
TCGA. Expression data is represented as the log2 of the RSEM-normalized values. For each transcript, TCGA projects are ordered
from higher to lower TYW2 expression standard deviation. ACC, Adrenocortical carcinoma; BLCA, Bladder Urothelial Carcinoma;
BRCA, Breast invasive carcinoma; CESC, Cervical squamous cell carcinoma and endocervical adenocarcinoma; CHOL,
Cholangiocarcinoma; COAD, Colon adenocarcinoma; ESCA, Esophageal carcinoma; GBM, Glioblastoma multiforme; HNSC, Head
and Neck squamous cell carcinoma; KICH, Kidney Chromophobe; KIRC, Kidney renal clear cell carcinoma; KIRP, Kidney renal
papillary cell carcinoma; LGG, Brain Lower Grade Glioma; LIHC, Liver hepatocellular carcinoma; LUAD, Lung adenocarcinoma;
LUSC, Lung squamous cell carcinoma; DLBC, Lymphoid Neoplasm Diffuse Large B-cell Lymphoma; MESO, Mesothelioma; OV,
Ovarian serous cystadenocarcinoma; PAAD, Pancreatic adenocarcinoma; PCPG, Pheochromocytoma and Paraganglioma; PRAD,
Prostate adenocarcinoma; READ, Rectum adenocarcinoma; SARC, Sarcoma; SKCM, Skin Cutaneous Melanoma; STAD, Stomach
adenocarcinoma; TGCT, Testicular Germ Cell Tumors; THYM, Thymoma; THCA, Thyroid carcinoma; UCS, Uterine
Carcinosarcoma; UCEC, Uterine Corpus Endometrial Carcinoma; UVM, Uveal Melanoma. Within a green square, the most disperse
TCGA projects according to TYW2 expression correspond to the most methylated cancer types as seen in Fig. 1B.
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SW480

WT

250 bp-

500 bp-

HCT-116

WT TYW2 
KO

TYW2 
KO

Supplementary figure S3. CRISPR/Cas9-mediated deletion in TYW2 gene body.

(A) Overview of the design of the CRISPR/Cas9 sgRNA to target TYW2. We used two different sgRNA (sequences are represented in red and
green) separated 190 bp. Simultaneous transfection of the two sgRNA resulted in a deletion of 234 bp, shown by Sanger sequencing. Black arrows
on the top of the gene represent the primers used to amplify this region. (B) Genomic PCR performed using primers flanking the CRISPR/Cas9
targeted region shows a deletion in TYW2 gene.

A

B…GCCGGATGGCTCGGTGGCGCTACCGGTGCTG…AGTTGGAGGCTGATTTGCCCCGATCATGGCAA…
sgRNA #1 sgRNA #2190 bp

…GCCGGATTCATGGCAA…

HCT-116 TYW2 KO SW480 TYW2 KO

234 bp deletion in all alleles

5’ 3’

TYW2 gene

592 bp

Supplementary figure S3



Supplementary figure S4. Hypomodified intermediary yW-86 is undetectable in tRNAPhe from colon cancer cell lines.

Nucleoside analysis of tRNAs by liquid chromatography-mass spectrometry (LC/MS) shows that the hypomodified intermediary yW-86 is absent
in all the colon cancer cell lines and in all the derived models.
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Supplementary figure S5

Supplementary figure S5. In silico expression analysis among 47 colon cancer cell lines of the transcripts that are
downregulated in CRISPR/Cas9-mediated TYW2 depleted HCT-116 cell line.

Volcano plot summarizing the results of an in silico analysis of the expression of the 671 transcripts available from the 2046
downregulated in the RNA-seq experiment performed in HCT-116 cell line upon TYW2 depletion. Data shown represents the
fold changed of expression of methylated cell lines (n=4) against unmethylated cell lines (n=43). 409 of these 671 transcripts
(61%) were downregulated in the TYW2 hypermethylated/silenced cell lines in comparison to the TYW2
unmethylated/expressing cell lines. Data normality of the methylated subset of samples was assessed using a Shapiro-Wilk
test. Statistical differences were calculated using two-tailed Student’s t-test.



Supplementary figure S6

Supplementary figure S6. TYW2 loss does not affect transcripts that lack UUU and UUC codons (n=83).

The proportion of transcripts that do not encode for phenylalanine is unaltered among the unchanged genes
and the deregulated ones in HCT-116 TYW2 KO compared to HCT-116 WT. The number of transcripts is
provided below the corresponding bar. In brackets, total transcripts in each category. Statistical differences
among proportions were calculated using a Chi-squared test. ns, no significant.
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Supplementary figure S7

Supplementary figure S7. Network of predicted protein-protein interactions among the proteins that are downregulated in TYW2-depleted
HCT-116 cells.

Network of predicted protein-protein interactions based on the STRING databse among the protein-coding transcripts that are downregulated in the
RNA-sequencing experiment performed in CRISPR/Cas9-mediated TYW2 knockout HCT-116 cell line. In red, proteins that harbour at least one
UUUU/C-based slippery sequences; in green, proteins that do not contain a UUUU/C-based slippery site. p-value corresponds to protein-protein
interaction enrichment. Overal, we observed that 75 of the 109 PRF-proteins (68.8%) interacted with 332 proteins derived from the overall 661
coding downregulated transcripts (50.2%).

Genes in the subnet: 407
PRF genes (red): 75
Other significant genes (green): 332

PPI enrichment p-value < 1e-20

Number of significant transcripts in database: 661



Supplementary figure S8

Supplementary figure S8. ROBO1 mRNA stability is decreased upon alpha-amanitin treatment in cells with TYW2 loss.

alpha-amanitin chase assay reveals a reduction in ROBO1 mRNA in CRISPR/Cas9-mediated deletion of TYW2 in HCT-116 and SW480 cells,
but not in the wild-type cells. TYW2 transfection-mediated recovery in HT-29 cells results in a stabilization of ROBO1 transcript. Data shown
represents the mean ± SD of three biological replicates and were analyzed using an unpaired two-tailed Student’s t-test. * p<0.05; ** p<0.01;
*** p<0.001.
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Supplementary figure S9

Supplementary figure S9. Known targets of nonsense-mediated decay (NMD) are upregulated upon UPF1 knockdown.

Nonsense-mediated mRNA decay inhibition using a siRNA against UPF1 in CRISPR/Cas9 TYW2-depleted HCT-116 and SW480 cells and in

EV-transfected HT-29 cells results in an upregulation of two transcripts known to be degraded via UPF1. Data shown represents the mean ± SD
of biological triplicates analyzed by unpaired two-tailed Student’s t test. * p < 0.05; ** p < 0.01.
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Supplementary figure S10
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Supplementary figure S10. Genes without expression changes detected in the RNA-seq of TYW2 CRISPR/Cas9 deleted HCT-116 cells are not differentially degraded
or accumulated upon nonsense-mediated mRNA decay (NMD) inhibition. The examples of the NQO1 and PVR genes.

(A) NQO1 and PVR mRNA levels in the studied cell line models determined by qRT-PCR are not affected by TYW2 expression levels. Data shown represents the mean ± SD of
biological triplicates analyzed by unpaired two-tailed Student’s t test. ns, not significant. (B) alpha-amanitin chase assay of NQO1 and PVR does not reveal any difference in
mRNA stability between TYW2-silenced cells compared to their TYW2-expressing counterparts. For all cases, data shown represents the mean ± SD of biological triplicates
analyzed by unpaired two-tailed Student’s t test at each time point. ns, not significant. (C) Nonsense-mediated mRNA decay inhibition using a siRNA targeting UPF1 in TYW2-
depleted cells does not affect NQO1 and PVR mRNA abundance. Data shown represents the mean ± SD of biological triplicates analyzed by unpaired two-tailed Student’s t test.
ns, not significant.
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CGCCCUUUUUUUAAUGAAUUUCAAGGAGCAGAUAGUGAAAUCAAGUUUGCCAAAACCCUGGAAGAAGCACCCAGUGCCCCACCCCAAGGUGUAACUGUAUCCAAGAAUGAUG
R P  F  F N  E  F  N  G  A  ...
R P F F Stop

Slippery sequences: C CCU UUU
U UUU UUU

ROBO1

0 frame
-1 frame
mutated R P  L  L N  E  F  N  G  A  ...

CCCACUGCUA

Supplementary figure S11. ROBO1 slippery sequence.

Schematic representation of the two consecutive slippery sequences identified in ROBO1 using PRFdb. The RNA sequences of different colors
depict the putative folding of ROBO1 mRNA. This region of complicated secondary structure is preceded by the slippery heptamer where tRNAPhe
recoils one position, represented as the underlined sequences containing UUUU/C. The amino acid sequence generated during translation is below
the nucleotide sequence (0 frame). In case of -1 ribosome frameshifting event, a premature stop codon will appear and will originate a truncated
protein. These sequences were cloned into the dual luciferase reporter as well as a mutant in which phenylalanine codons in the slippery heptamer
are replaced by leucine codons in which -1 ribosome frameshift should not occur.
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Supplementary figure S12. TYW2 DNA methylation status is not associated with patients’ prognosis considering the
complete cohort of TCGA colorectal cancer

Kaplan-Meier analyses of overall survival according to TYW2 methylation status in the TCGA COAD and READ projects considering
the complete cohort of primary tumors. p-value corresponds to the log-rank test.

Unmethylated
(n = 304)

Methylated
(n = 67)

Long rank: p = 0.460

TYW2At risk:
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Supplementary figure S13

Supplementary figure S13. Low TYW2 expression is associated with shorter overall survival in patients with early-stage colorectal
tumors.

Kaplan-Meier curve of overall survival according to the TCGA colorectal tumors in the complete cohort of primary tumors (A) and only in early-
stage colorectal cancer patients (B) . Green line, high expression (log2 TYW2 expression > 7.0); red line, low expression (log2 TYW2 expression
≤ 7.0). p-value corresponds to log-rank test. ns, no significant, *** p < 0.001. (C) Forest plot representation of the Cox proportional hazard
regression models shows that TYW2 reduced expression is an independent prognostic factor of poor overall survival in early-stage colorectal
cancer patients (HR=4.09; 95% CI=1.71 to 9.79) HR, hazard ratio; CI, confidence interval. ns, not significant; ** p < 0.001.
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Supplementary figure S14

A B

Supplementary figure S14. Rescue of ROBO1 expression in TYW2-silenced HCT-116 and SW480 cells reverts the
epithelial-to-mesenchymal transition (EMT) phenotype.

(A) ROBO1 mRNA (left) and protein (right) levels in empty vector (EV) and ROBO1-transfected HCT-116 and SW480 TYW2
KO cell lines. Data shown represents the mean ± SD of three biological replicates and were analyzed using an unpaired two-
tailed Student’s t-test. *** p<0.001. (B) Assessment of EMT features by qRT-PCR of E-cadherin (CDH1) and vimentin (VIM)
indicates that transfection-mediated recovery of ROBO1 reverts the mesenchymal features observed upon TYW2 CRISPR-

Cas9 deletion. Data shown represents the mean ± SD of three biological replicates and were analyzed using an unpaired two-
tailed Student’s t-test. * p<0.05; ** p<0.01.
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Supplementary figure S15. TYW2 silencing does not affect cell cycle, arrest and death.

(A) Cell cycle analysis, assessed by BrdU and 7AAD incorporation, does not show any differences between the

unmethylated HCT-116 and SW480 cell lines and their CRISPR/Cas9-mediated TYW2 knock-out counterparts. Data shown

represents the mean ± SD of biological triplicates analyzed by unpaired two-tailed Student’s t test. ns, no significant. (B)
Similar protein levels of p21 determined by western-blot indicate no differences in cell cycle arrest. (C) PARP cleavage
evaluated by western-blot indicates no differences in cell death between TYW2-expressing (WT) and TYW2 knock-out (KO)

cell lines.
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Supplementary Table S1. List of the 109 downregulated genes in TYW2-depleted HCT-
116 cell line that contains at least one predicted slippery site composed of UUUU/C by the 
PRFdb tool. Genes are ordered according to the log2 fold change obtained in the RNA-seq 
experiment. 
 

Gene 
Symbol 

 log2 fold 
change 

Adjusted 
p-value 

# of 
sites Predicted slippery sequences 

KCNH8  -7.20 5.56E-05 3 GGGUUUC, GGGUUUU, AAAUUUC 
IFI44L  -7.02 0.00091337 2 UUUUUUA, UUUUUUC 
FLRT3  -6.57 0.00517664 1 GGGUUUC 
MSR1  -6.39 0.00249354 1 AAAUUUC 

GPR171  -6.32 0.00669546 2 UUUUUUU, AAAUUUC 
GPR22  -5.17 5.09E-05 3 UUUUUUA, AAAUUUU, UUUUUUC 
NEGR1  -4.98 0.01293809 1 AAAUUUU 

TAS2R30  -4.87 0.02262428 1 AAAUUUU 
GPR18  -4.69 0.00315055 2 CCCUUUU, UUUUUUC 

EHF  -4.44 3.11E-62 1 CCCUUUC 
OR10A4  -4.41 0.02979729 1 CCCUUUU 
PKHD1  -4.38 0.0169595 1 UUUUUUU 
OR2D3  -4.37 0.03957446 2 UUUUUUU, UUUUUUC 

ALK  -4.35 0.00049522 3 CCCUUUC, GGGUUUC, GGGUUUU 
A2M  -4.32 4.89E-07 1 CCCUUUC 

B3GALT2  -4.30 0.01196415 1 UUUUUUA 
ADAM20  -4.21 0.00105178 1 UUUUUUA 

ASPN  -4.19 0.00581219 1 UUUUUUU 
ROBO1  -4.16 0.000992 2 CCCUUUU, UUUUUUU 

HSD17B2  -4.14 0.00635917 1 CCCUUUU 
SFRP5  -4.05 0.00554296 1 CCCUUUC 

CA1  -4.02 0.00052328 1 AAAUUUU 
MECOM  -4.00 7.58E-10 1 AAAUUUC 

COL10A1  -3.88 8.42E-05 1 GGGUUUU 
OMD  -3.68 0.01350182 2 UUUUUUA, GGGUUUU 
FUT9  -3.63 0.00120964 1 AAAUUUU 

TAS2R46  -3.60 0.00523273 1 AAAUUUU 
OR52D1  -3.50 0.02026787 1 CCCUUUC 
ENPP2  -3.49 0.00661371 1 CCCUUUC 
ECM2  -3.48 0.00214317 1 UUUUUUU 

CSMD3  -3.39 0.00546975 4 UUUUUUA, UUUUUUU, AAAUUUU, AAAUUUC  
C17orf78  -3.33 0.00751464 1 UUUUUUA 

CD33  -3.17 1.85E-12 1 AAAUUUC 
LYVE1  -3.12 0.00246607 1 CCCUUUU 



ACP5  -3.09 0.00155529 1 CCCUUUC 
GPR15  -3.07 2.51E-06 1 CCCUUUC 
OR51I1  -2.89 0.00387208 2 CCCUUUC, CCCUUUU 
ENTPD3  -2.87 0.04570855 1 AAAUUUC 
SLC3A1  -2.85 0.02432329 1 AAAUUUC 
GPR34  -2.84 0.03640931 1 CCCUUUC 
NCF4  -2.84 0.02200344 1 CCCUUUC 

OR2AG2  -2.78 0.01189788 1 CCCUUUC 
GPR183  -2.70 0.00549392 1 CCCUUUU 
TAS2R31  -2.68 0.01882221 1 AAAUUUU 
C9orf50  -2.60 0.00307219 1 CCCUUUC 

LDHAL6B  -2.54 0.03136972 1 CCCUUUC 
STK32A  -2.42 0.02134328 1 CCCUUUC 
DNAH2  -2.41 4.39E-08 2 CCCUUUU, UUUUUUU 

CYP19A1  -2.41 0.00077977 1 AAAUUUU 
ECT2L  -2.34 0.00258119 2 UUUUUUA, AAAUUUU 

F10  -2.31 1.15E-05 1 GGGUUUC 
ANGPTL1  -2.27 0.02370045 1 CCCUUUC 

NEXN  -2.19 0.006749 1 AAAUUUU 
ZNF660  -2.18 0.0320315 1 AAAUUUC 
CLCNKB  -2.12 0.00091337 1 CCCUUUC 
SAMD3  -2.10 0.000665 1 CCCUUUC 
TAS2R4  -2.05 0.00314183 2 UUUUUUU, AAAUUUU 
SLC2A3  -2.01 9.39E-06 1 GGGUUUU 
ANXA10  -1.96 1.85E-05 1 AAAUUUU 
TSHZ2  -1.96 0.01663322 1 GGGUUUC 
VGF  -1.96 1.92E-12 1 CCCUUUC 

RAD51AP2  -1.93 0.00325097 3 CCCUUUU, AAAUUUU, UUUUUUU 
KCNMB2  -1.89 0.04518552 1 AAAUUUU 
ABI3BP  -1.88 0.03443561 2 CCCUUUU, GGGUUUC 
CASP10  -1.85 9.01E-07 1 CCCUUUC 
OR51B2  -1.82 0.00029773 2 CCCUUUU, GGGUUUU 
KLRK1  -1.78 0.00372001 1 UUUUUUC 
HFM1  -1.73 0.00632873 2 UUUUUUU, AAAUUUU 

MYH11  -1.72 0.02123549 1 GGGUUUC 
GREB1  -1.72 2.64E-09 1 CCCUUUC 

KIRREL2  -1.69 0.00811129 1 CCCUUUC 
ELOVL2  -1.67 0.0139305 1 AAAUUUU 

FGF9  -1.66 0.04705264 1 UUUUUUA 
DDX17  -1.66 5.72E-18 1 AAAUUUU 



PTPRB  -1.65 0.00063183 1 UUUUUUC 
TMEM200

A 
 

-1.64 3.03E-06 2 UUUUUUU, GGGUUUU 
MATR3  -1.64 0.00294423 1 UUUUUUU 
TJP2  -1.63 0.0461731 1 UUUUUUC 

SLC16A4  -1.61 0.01882439 2 UUUUUUU, UUUUUUC 
PLA2R1  -1.60 0.00012883 2 AAAUUUU, AAAUUUC 
TTYH1  -1.56 0.02610305 2 CCCUUUC, AAAUUUC 
AMY2B  -1.52 0.00044065 2 CCCUUUC, GGGUUUC 

TMPRSS1
3 

 
-1.51 0.01606597 1 GGGUUUC 

KIAA0825  -1.48 0.02337849 1 AAAUUUU 
SLCO6A1  -1.48 0.03444698 1 UUUUUUU 

PDZD2  -1.40 0.01771051 1 AAAUUUU 
LNX1  -1.39 0.00334108 2 UUUUUUA, UUUUUUC 
ITGB8  -1.38 3.11E-06 2 UUUUUUU, CCCUUUU 

PLXNC1  -1.35 0.02045559 1 AAAUUUU 
ZNF84  -1.31 4.00E-05 2 UUUUUUU, AAAUUUC 

MUM1L1  -1.30 0.01059227 1 AAAUUUU 

PKDREJ 
 

-1.30 0.00839977 5 
GGGUUUC, UUUUUUG, UUUUUUC, 
UUUUUUA, UUUUUUU 

SAMD12  -1.26 1.91E-06 1 AAAUUUC 
TBC1D19  -1.25 0.01824425 2 CCCUUUU, UUUUUUC 
KIAA1257  -1.22 0.01942908 1 AAAUUUC 

MSH4  -1.19 0.01239947 2 AAAUUUU, AAAUUUC 
AREG  -1.18 0.01306412 1 AAAUUUC 
BACH2  -1.16 0.00085021 2 CCCUUUC, CCCUUUU 

SYNE1 
 

-1.15 0.02200093 5 
GGGUUUC, AAAUUUC, GGGUUUU, 
UUUUUUU, AAAUUUU 

TMC4  -1.12 0.00015592 1 UUUUUUC 
SLC43A1  -1.11 0.0098746 1 GGGUUUU 
ABCA12  -1.10 0.04307432 2 CCCUUUU, AAAUUUC 
CYP3A5  -1.10 0.01824029 2 UUUUUUA, AAAUUUU 
RASIP1  -1.09 0.01599997 1 CCCUUUC 

ANKHD1-
EIF4EBP3 

 
-1.08 0.03040577 1 AAAUUUU 

COL4A3  -1.03 0.00013628 2 GGGUUUC, GGGUUUU 
GPR143  -1.03 0.03453523 2 GGGUUUU, AAAUUUU 
TRIM15  -1.02 0.00753697 1 CCCUUUC 

SERPINF2  -1.01 0.02897758 1 GGGUUUC 
 
 



Supplementary Table S2. Detailed list of antibodies and reagents, commercial assays, primers and vectors used, 
together with their commercial reference. 

 

KEY RESOURCES TABLE 

REAGENT or RESOURCE SOURCE IDENTIFIER 
Antibodies 
anti-TYW2 Novus Bio NBP1-76583 
anti-ROBO1 Abcam ab7279 
anti-Calnexin Cell Signaling 2679 
anti-HA HRP-conjugated Sigma H6533 
anti-V5 Cell Signaling 13202 
anti-PARP Cell Signaling 9542 
anti-p21 Cell Signaling 2497 
anti-ȕ-Actin HRP-conjugated Sigma A3854 
anti-LaminB1 Abcam ab16048 
anti-Vinculin HRP-conjugated Cell Signaling 18799 
anti-rabbit HRP-conjugated secondary antibody Sigma A0545 
Bacterial and Virus Strains  
E. coli DH5Į   Thermofisher 18265017 
Chemicals and Critical Commercial Assays 
5’-azacytidine Sigma A2385 
Sulforhodamine B Sigma S1402 
Trichloroacetic Acid Sigma T4885 
JetPrime Transfection Reagent Polyplus Transfection 114-75 
SYBR Green PCR Master Mix Life Technologies 4312704 
Proteinase K Recombinant PCR grade Thermofisher Scientific EO0492 
Actinomycin D Sigma A4262 
TRIzol reagent Thermofisher Scientific 15596026 
alpha-amanitin MedChemExpress HY-19610 
Nuclease T1 FUJIFILM Wako Pure 

Chemical 
145-08221 

Phosphodiesterase I Worthington 
Biochemical 

LS003926 

Alkaline phosphatase (E. coli C75) Takara Bio 2120A 
EZ-DNA methylation Gold Kit   Zimo research D5006 
Nucleospin Gel and PCR Clean-up Macherey Nagel 740609.250 
Nucleospin 96 plasmid Macherey Nagel 740625.24 
Maxwell RSC simply RNA tissue Promega AS1340 
RevertAid First Strand cDNA synthesis kit Thermofisher Scientific K1622 
Dual Glo Luciferase Assay System Promega E2920 
6.5mm Transwell with 8.0µm pore polycarbonate membrane insert Corning 3422 
APC BrdU Flow kit BD Biosciences 552598 
pGEM-T Easy Vector Promega A1360 
ProteoExtract® Subcellular Proteome Extraction Kit Merck Millipore 539790 
Cell Lines 
HCT-116 ATCC CCL-247 
HT-29 ATCC HTB-38 
SW48 ATCC CCL-231 
SW480 ATCC CCL-228 
HEK-293 ATCC CRL-1573 



Oligonucleotides 
BSP_TYW2_Fd ATGTTTTTTTAGGTTGAAAAAAAAG This study - 
BSP_TYW2_Rv AAACCAAAACTCAATCACAACT This study - 
qPCR_TYW2_Fd CCTGCCCAAAAATTGTGTCT This study - 
qPCR_TYW2_Rv AGAGTTCCGGTCCCAGATTT This study - 
qPCR_ROBO1_Fd GGAGTCAGGGGCACAAGAAA This study - 
qPCR_ROBO1_Rv GGCCTCGTTCATCTTCCTCC This study - 
qPCR_VIM_Fd CTTAAAGGAACCAATGAGTCCCT This study - 
qPCR_VIM_Rv AGTGAATCCAGATTAGTTTCCCTC This study - 
qPCR_CDH1_Fd GGGGTCTGTCATGGAAGGTG This study - 
qPCR_CDH1_Rv GAAACTCTCTCGGTCCAGCC This study - 
qPCR_GAPDH_Fd GAAGGTGAAGGTCGGAGTC This study - 
qPCR_GAPDH_Rv TGGACTCCACGACGTACTCA This study - 
qPCR_UPF1_Fd CCATCCCCTTCAACCTGGTC This study - 
qPCR_UPF1_Rv GTTGGGGAGGTTAGTCTGGC This study - 
qPCR_PVR_Fd CTACACCTGCCTGTTCGTCA This study - 
qPCR_PVR_Rv GGTCTGAGTGCCAGGTGATT This study - 
qPCR_NQO1_Fd AAAGGACCCTTCCGGAGTAA This study - 
qPCR_NQO1_Rv CCATCCTTCCAGGATTTGAA This study - 
qPCR_UPP1_Fd CAGAGCAGGCAGTGGATACC This study - 
qPCR_UPP1_Rv CTGCTTGTCCTTCTCCGTGT This study - 
qPCR_DUSP10_Fd GCGAGTCCATAGCTGAAGAGG This study - 
qPCR_DUSP10_Rv GATGACAGGAGGGTGGCTG This study - 
qPCR_28S_Fd CAGGGGAATCCGACTGTTTA This study - 
qPCR_28S_Rv ATGACGAGGCATTTGGCTAC This study - 
TYW2_sgRNA1_Fd CACCGGTAGCGCCACCGAGCCATC This study - 
TYW2_sgRNA1_Rv AAACGATGGCTCGGTGGCGCTACC This study - 
TYW2_sgRNA2_Fd CACCGAGGCTGATTTGCCCCGATCA This study - 
TYW2_sgRNA2_Rv AAACTGATCGGGGCAAATCAGCCTC This study - 
TYW2-KO_seq_Fd TGTGGTTGTTAGCAACATGGA This study - 
TYW2-KO_seq_Rv CTCTACCCAGCCATGGTCAC This study - 
siRNA_UPF1 Thermofisher Scientific ID:12990 
siRNA_Negative_Control_1 Thermofisher Scientific AM4611 

Cloning_TYW2_Fd 
AAAAAAGAATTCGCCGCCACCATGAGAG
AGAATGTGGTTGTTAGCAACATGGAGAG

AGAAAGTGGGAAGCCCGTGGCTGT 
This study - 

Cloning_TYW2_Rv 
AAAAAAGCGGCCGCCTACTTATCGTCGT
CATCCTTGTAATCGCCGGAGCCGCCAAC
TGAAGGACAGGGGCAGCATTCCAGATCC

AGGACTATGTGATCCACATGGGG 

This study - 

PRF_HindIII-RLuc_Fd 
AAAAAAAAGCTTGCCGCCACCATGTACC
CCTACGACGTGCCCGACTACGCCGGATC
AGGAGCTTCCAAGGTGTACGACCCCGAG

CAACGCAAAC 

This study - 

PRF_EcoRI-RLuc_Rv 
TTTTTTGCGGCCGCGAATTCTCCTGATCC
CTGCTCGTTCTTCAGCACGCGCTCCACG

AAG 
This study - 

PRF_KpnI-FLuc_Fd 
AAAAAAGCGGCCGCGAATTCGGTACCGG
ATCAGGAGCCGATGCTAAGAACATTAAG

AAGGGCCCTGCTCCCTTCTACC 
This study - 

PRF_XhoI-FLuc_Rv TTTTTTCTCGAGTTACACGGCGATCTTGC
CGCCTTTCTTAGCCTTGATCAGGATCTC This study - 

PRF_HIV_Fd 
AATTCAATTTTTTAGGGAAGATCTGGCCT
TCCCACAAGGGAAGGCCAGGGAATTTTC

TTCAGGGTAC 
This study - 



PRF_HIV_Rv 
CCTGAAGAAAATTCCCTGGCCTTCCCTTG
TGGGAAGGCCAGATCTTCCCTAAAAAATT

G 
This study - 

PRF_ROBO1_Fd 
AAAAAAAGAATTCCGCCCTTTTTTTAATGA
ATTTCAAGGAGCAGATAGTGAAATCAAGT

TTGCCAAAACCCTGGAAGA 
This study - 

PRF_ROBO1_Rv 
TTTTTTTGGTACCTCCATCATTCTTGGATA
CAGTTACACCTTGGGGTGGGGCACTGGG

TGCTTCTTCCAGGGTTTTGG 
This study - 

PRF_ROBO1mut_Fd 
AAAAAAAGAATTCCGCCCACTGCTAAATG
AATTTCAAGGAGCAGATAGTGAAATCAAG

TTTGCCAAAACCCTGGAAGA 
This study - 

PRF_EcoRI-HA-
GST1_Fd 

AAAAAAAAGAATTCGCCGCCACCATGTAC
CCCTACGACGTGCCCGACTACGCCGGAT

CAGGATCCCCTATACT 
This study - 

PRF_NotI-GST2_Rv 
TTTTTTTGCGGCCGCTTAATGATGATGAT
GATGATGTCCTGATCCCAGATCCGATTTT

GGAGGATGGTCGCC 
This study - 

PRF_AgeI-GST2_Fd 
AAAAAAAAACCGGTCAGGAGGATCCCCT
ATACTAGGTTATTGGAAAATTAAGGGCCT

TGT 
This study - 

PRF_NheI-GST1_Rv AAAAAAAAGCTAGCCAGATCCGATTTTGG
AGGATGGTCGCC This study - 

PRF_NheI-HIV-Fd AAAAAAAAGCTAGCGGCTGTTGGAAATGT
GGAAAGGAAGGACAC This study - 

PRF_AgeI-HIV_Rv AAAAAAAACCGGTTTATGGGGCTGTTGG
CTCTGGTCTGCTCT This study - 

Cloning_ ROBO1_Fd 
AAAAAAAAGCTTCTCGAGGCCGCCACCA
TGATTGCGGAGCCCGCTCACTTTTACCT

GTTTGGATTAATATGTCTCTGTTCAG 
This study - 

Cloning_ROBO1_Rv 

TTTTTTGCGGCCGCTCAGGCGTAGTCGG
GCACGTCGTAGGGGTATCCTGATCCGCT
TTCAGTTTCCTCTAATTCTTCATTATTATC
TTCTCCTCTTTCATATCCTCCAAGTACCT

GCATTTCTGCAATATTTCTTCGACCT 

This study - 

Vectors 
psPax2 Addgene 12260 
pMD2.G Addgene 12259 
pLVX-IRES-ZsGreen1 Clonetech 632187 
pSpCas9(BB)-2A-GFP Addgene 48138 
pcDNA4 T/O Thermofisher Scientific V102020 
Software and Algorithms 
Bioedit Bio-Soft  
GraphPad Prism 5 GraphPad Software, Inc  
SPSS IBM  
Methyl Primer Express v1.0 Applied Biosystems  
UCSC Genome Browser UCSC  
ImageJ NCI  
Primer3  Source Forge  
R Programming Bioconductor packages R project  

 


