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RS oAy, FEEE, ALPHRIE TR SN DTRREEDZ < N Z OFEFIDOIAITH Y | ke
7RI LGS STV D, EOHFTEH DNA R m e 22 REL S5 2 &1 3HhM
T H¥EEHIREI e L C O BRI R A2 7R3, DNA R n - 2R 2Rl 51k E L
TiX., DNA BHRICHEL B (FAF T X7 LAF R ANTP 72 L) OFfiE, DNA R Y A
7 —E OEMBLE, DNA #4727 1 A U > 712 X % DNA SHBHZUHE, DNA BEEY DI,
O DNA #5807 £ D DNA #5203 5755, 2o OEM a5 & Z 9 3E541I%, DNA
RO TR BIE £ 721 3PHET 5 Z L 2 UC DNA A h L 2235845, J4E, DNA #
RZ N AT L HUEEI R & OO BREER S TR Y | 1BEEKIZ L 5 DNA #HHA

N L ZAHENSH% G EEEAEIRIEO—> L LTEH SN TV Z e sns 2,
ZOHTH, HAIDO DNA ~DEV AR Z a7 & U= KFIBRI L EE LI THh 5
3, ZZ T, DNAERA ML AEZFETHRX 7 LAY RT a7 Ro#ERTHSL Y 70
U (tifluridine, FTD) (2 H L7z, 2%V, FID (2L AR b L AFHEDSEIERIC
BT D EE/EME & T D,

oy =7 (@4 YT Py - FET I L (FTD/TPD ; dh4 LONSURF® ;
Bi%E = — RTAS-102) 1, PSR C7 vfbFIvr 7 aso ) 71l ¥ (FID)
LT VT VIR (thymidine phosphorylase inhibitor, TPI: FTD D43 fi# %[5 <F X V0 R A
HRY T —EHEAD % 1:05 OF/MTEEA LIZFHRRR O X 7 LAy RRUEMESA]C
H5Y (1 1), FID (3F VAR Y 7—F (thymidine phosphorylase, TP) DI TH
BHTeOIZ TP IZ K > THfES DM TPL 2T 2 2 & T TP IEMED @V E MTBW T,
FID NHEhZ R TEX HMPREZERTHZENTE S, FID (FFIVrF 7 —8

(thymidine kinase, TK) TV b &5 Z & T, F3dTMP (FTD-MP) EpkSit, F3
DI B —E (TS) ZET S Y, Lol F3ATMP 12X 5 TS FLEIZ A TH 0 |
5-FU 7 BPEA S LD FAUMP O TS BHE L 13572 5 9, FTD O 7= 2 HUlEEZhE
I$E DGR DNA ~OEY IAAIERT 5 EZ 2 6 TW5, T, TK #7075
PAN—UREOTUE, BFHSH, DNA BEEREEN O N2 812X D FID O34tk DNA
~ORY IAF R ENEB 2 HALTIY ", FTD Ol 2820 iR S
Tz, FRRRRERCTIE, 5-FU & WA L AT LRIG & 72 o 72 3 Y4 IREERAMER
W E R IR L LT 7 7 B BB T o & MU TAHRERIZ I T A 7]
DEBIIERDFZED ALY, 2014 2 HAREN TIRIEARE Sz, fie U b FRIAIC
P2 R B K RS xR & U RS i R A SR I AR
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Lonsurf® (FTD/TPI) FTY .
inactive for O™
(inactiv rm) _|_ -
Trifluridine Tipiracil hydrochloride FTD
TPI
(FTD)O (TPI) _— Cancer cel

(o}
le\)d el\ww

LI+ oo

- S K .
NH-HCI / FTD-DP

OH 1 : 0.5 | N

. Nuclear
FID-TP
Effector of antitumor activity Inhibitor of FTD degradation \ \ 4
(Thymidine analog) (Thymidine phosphorylase Inhibitor) \ . FID incorporation into DNA

Antitumor effect —

X] 1 Antitumor activity of FTD as nucleoside analog

Lonsurf is an oral nucleoside antitumor agent that consists of trifluridine (FTD) and tipiracil
hydrochloride (TPI) at a molar ratio of 1:0.5. FTD is the antitumor component of Lonsurf, whereas
TPI prevents degradation of FTD through a first-pass effect as a thymidine phosphorylase inhibitor.
FTD is a well-known antiproliferative agent with mechanisms of action is incorporated into DNA'.
FTD indicates trifluridine; TPI, thymidine phosphorylase inhibitor; FTY, 5-trifluoromethyluracil; MP,
monophosphate; DP, diphosphate; and TP, triphosphate.

FID 1IX 7 LAY Ry r 7L LT, Ml 25 H L FTD 3 U VEER

(FTD-TP) &720) . DNA 7 1t 2 %58 U CH K DNA ISR A S5 2 & TDNA
BSREAR A DI X Z L, PUEEZMRAIIH T 5 ) (M 1), PUEGEMRARFOX 7 LAV R
7 a7 OHT FTD 1383572 DNA $HUIKr 2 = 9712 DNA $HICED IAEN DR E B
F% 9, FTD IX FTID-TP FE/EIZLEOHIIEN X 7 L AT K7 —/LH o dTTP B4 (K F S+,
S WA TABIE S W2 2 L3 e Sz D, SBRENOSIGT FID-TP 1% dTTP (ZHAR
DNA R U * 7 —VIZ L DRI D TR - 722 D, FID 77E FClashss
F < Gettfk DNA IZHR YD IAE LD ATTP 23892 Z & T, RV IZ FTD-TP 7% DNA 7R U
AT —BIZ LV YR DNA IZEUD IAE N, ZORER, E T +— 7 T EIEZ Y3 5
LEZONE (M 2), ZOXIRAI=ALTL D FID 550 DNA #HELZ L 224
HlC 525 &, pS3 BPAAI HCTIL16 Tl p53-p21 OEFE, 127 U Bl DX LRI E
IRERDFO A 7 IHIC Gl HITOMBEIEIENEZ D | &I SA- B -
Gal JEMEORN &l RO £ B 2R L= 9, —J T, CRISPR/Cas9 v AT AT LY
RINT L7z p53 /277w h HCT116 Tik, YA 7 U v Bl 5k L ORI A X~ 7

D Z SFITHERDEINET L, AARDEIIEINY R T v D2 E D Qe Rl i
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WNBEE S, D% T AR b= AMEFRAIERFHE S N P, 2o X 92, FIDIC
9 B MR & AIRLE T E I Z BT p53 NEEAHIEK - Th D Z LAVREN TV
M. MEZTE R SND I A U AEREET p53 23T LMV VT FTD
DEDXIT/ER L, AL E D X 5 2 EmMIZTE D DN OWTUFH BT 7> T
otz (K 3),

CHy

ONA B8 G o
m Thymidine Kinase M &
HO o N Thymidine @ dTMP } } dTTP ' x\%
OH |

FTD incorporation
into DNA

2 n
CFy
"")j( Thymidine Kinase
O’J\N FTD WHFID-MPH » FTD-TP

HO o

OH

FTD cause imbalance of the nucleotide pool

FTD-TP incorporation into DNA
l

FTD retards replication fork progression

!

DNA replication stress

X 2 Mechanism of FTD-induced DNA replication stress

FTD exert cytotoxicity through “DNA replication stress” caused by its incorporation into DNA.
FTD indicates trifluridine; MP, monophosphate; TP, triphosphate; dTMP, deoxythymidine
monophosphate; dTTP, deoxythymidine triphosphate; and dNTP, deoxynucleotide triphosphate.

An enlarged cellar morphology
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DNA replication stress

N

P53 missense
mutation type

pS3  pS3 (?
p53  pS3 .

[X| 3 Different responses to FTD between p53 wild type and null cells

DNA replication stress induced by FTD induces cellular senescence in p53 wild type cells, and
apoptotic cell death in p53 null-type cells. However, the response of p53 missense mutant cells to FTD
remains to be elucidated. FTD indicates trifluridine; and G1 phase, Gap 1 phase.
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P33 Ha— R9% TP53 It FONATERN Kb EHEEICR O, ZOERD
PTRHZVDIII AL AZERTH L ' (% 4), p53 I Ak AR IEFHHIRGE
BRI L, Z DI A ABROFEREIC L - T2 etE 3 285645 (gain-of-function,
GOF) ZH7-5 L, BRI p53 35 L O p53 KK & I3R R D85 1Bl 25HE 3 5 22 (¥
5. AU, REEZ B S BEOER A THE L CHEMMIC &R A TVWH EEX L
. Z< OEFFRIFFEIC L 0 < OFEO b MEFIZRBWT, B8R L7 ps3 287 2 IE5E
VAT TF . RRVIVE T | 5FU g EOALFIRIER UL & OREERIEIT T
LIPUEEZGT D72 L, eSS (GOF) Z5 pS3 OFBUT TR ARICORNBHMED
TG LTS Z BRSNS TND P8 p53 (KA 2l A b L AIDET
LHERENR S D . FOMMIA R L AD—D7) DNA R N L2 TH 5, @RIBE 75
JLR° DNA #1570 Sk 2 722K C DNA BEEUETTNEY | RO URIRICIIT 257 ) LAR%
EMEDOFR &7 D0, FLFFETHO D PR AAKNC L > T DNA #HIHA b L ANEIER
A DIAUTH U THBEIR AT L Td, S AMREENCI 1T 5 DNA A h Lz
%, BT 4 — 7 ORIE « (51E - B, S 512 DNA BRIV A RN L. 2k
DIHERTHREL TS EEZ LN,
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4 p53 missense mutation

Most of the mutations exist within the DNA-binding domain as a single amino acid substitution. In
the bar graph on the right, 14 missense somatic mutations are listed in order of frequency from left to
right. Data derived from the IARC TP53 Database'®. FS indicates frameshift, and NA, not applicable.



Transcription Tumor-suppressive
p53wildtype . —> 21 etc g functions

x — No function
p53 null type X — s
min Gain-of-function
"53 "53 X Transctiphion Tumor-promoting
p53 p53 21 etc. + Chromatin regulatory genes etc. ———> ﬁ c tiOl’lS

5 Gain-of-function p53 missense mutation

p53 missense
mutation type

The p53 missense mutations not only abrogate its tumor suppressive function, but also lead to a

gain-of-function effect.

ARFFEDE—FETIL, BB T ROEWIZHRT 2 2N p5S3 I A AERO
TR L ORI &2 B E L, CRISPR/Cas9 AT L VT p53Re8QReQ (R248Q);
BPAER p53 ORRBRHHEIMEEE DNA & OfES KA A O ¥, DNA contact mutation) &
pS3RIBHRITH (R175H; p53 4 > /37 2 L& 5| & 2374, structural mutation) @ p53
S AV ALERE T ) 2 DNA _EICHINAA TS HCT116 MRk Z 8 L7z, p53 S Ak

ARG R DORERENL., pS3 BENIRIG T-TH D p21 LTV MDM2 D s -7 L~L
BRI L7e, AT, pS3 ZTEMILT D8k~ 72 DNA 85554233 D IREIZ DV TH v
P EFEBLL~L TR LT,

BB CIE, B L72 pS3R175H 35 L OV pS53R248Q FMED ps3 23, Hii=7okSRE & 1S L
T HSREIERSR D I A AT, p53 X LNV ETHL T 52 L&A E!’J<‘: L. p53
R175H 3 X OV p53 R248Q MfflD I Az AZEH p53 # L /7 & ETS2 & OFHEAERICH
WCRHI L7z, R AU AR pS3 # L X7 BRBUC K 0 RIS = 2B (b o241
BPARY pS3, pS3 K, pS3 R175H F 713 p53 R248Q D7 ) LU A Risn 13 B0D
72H7% RNA-seq fEHTIZ L 0 LRl Hm L7,

%= TlX, GOFp53R175H 3 X UV p53 R248Q AL DT, FTD MHlfRISEIZ ED X
VIR EBXIETONERAONITHZ LA HNE L, MlaHidifa RS L O AR R
— VA=A X DMRFEDOR N XV FUESRh R AT Hn L7z, MfRFEIZE S £ TOM
RSENL, 4T A T]AA A=V THAMZ L0 | B4R p53, p53 KK, pS3RI75H %
7213 p53 R248Q AL ARG E s L O éﬁ%?ﬁﬁf APNE! -:’*Eﬂﬂ@ﬁ%ﬁ% Lic, Ay 7 s
= v NOEFHREORTIX. ZEAOEREGEAIZ L0 EIC Yett R BLORR T
S BITHFEIE THRICIT DO B2 BIEL L, /\ﬁ”ﬁ;ﬁ@ Té”‘*@ﬁi S B
NAFBIZEE 2 F CORERYI e KRBT A H AN LTz,

FIUETIEL, b MEE TR D W S ORERESR! ps3 < A& o AZZ RO
BT, FID (IPUEEN RIS ELE KIETONMHLNITEHZ L2 S L, B L7z
GOF p53 R175H 3 LT p53 R248Q HID 2 7 = 1A R 3D 7 /LB L~ 7 A FIEHEE
VAUAS S e A Dy



FEEb BB L OU5E

Apakzg, RIS K ORNA-seq 71 7 7 U G

HCT116 (ECACC) #lific#i3 DMEM (Thermo Fisher) , LS174T (ATCC) 45 2 U WiDr (ATCC)
KT EMEM (Thermo Fisher) . LS1034 (ATCC) 35JTFCOLO320DM (ATCC) fikk
I% RPMI1640 (Thermo Fisher) DEFHITEEFE L, £ 6T X TOEFIIX 10% fetal bovine serum

(FBS) ZIINL7-, T CTOMBMEIX, 37°C, 5% CO,atmosphere TE:#E L7=, TP
AKX short tandem repeat (STR) ZHTIC L W RERES AL, A 27T A DIRANB/2NZ
R SNz, AR, trifluridine (FTD) % 3 335009 uM  (T2511; Tokyo Chemical
Industry) . 5-fluorouracil (5-FU) % 3 uM (F6627;Sigma) . cisplatin (CDDP) % 5uM (D3371;
Tokyo Chemical Industry) . aphidicolin (APH) % 0.5 uM (A0781; Sigma) | neocarzinostatin (NCS)
% 20nM (N9162; Sigma) (ZFRHL 7=, RNA-seq 71 77 U ¥, CEL-seq2 {%% FAV 7= EE#H
DIFE NHEESETAR U=, HH LT T A ~—DldSIEB LURIKIL, % 1 Primer and
sgRNA sequences 33 LU 2 Reagent of CEL-Seq2 (27~ L 72,

RS AR O M A AR E

96-well culture plate (Nunc™ Edge 2.0 96-well plates, Nunclon delta (surface treatment)) (Z 1000
cells/well THINIZFERE L, 24 Kifdlb52 L7k, 3 uM FTD TR L7z, 3 HFH, 6 A, 9
HRIOMLERSL . BEEHIIO AR % CellTiter-Glo® 2.0 Cell Viability Assay (Promega) DI
TR RS CAUG ST, TriStar LB 941 plate reader (Berthold Technologies) THéYt%
HE LTz,

Fluorescent Ubiquitination-based Cell-Cycle Indicator (Fucci) JEEUHHFE O

PIP-FUCCI 73 = — K & 4172 DNA Wi/ 1%, Jean Cook™ 7> it 5- X 1728771 DNA (pENTR-
PIP-FUCCI; Addgene; plasmid #118621) . KOD FX DNA polymerase (TOYOBO) I U77
A ~— (£ 1) TPCR H¥4iE L. In-Fusion HD Cloning Kit (TakaraBio) C. pLVSIN-EFlaHyg
vector (Takarabio) @ BamHI 27 rn—=7 L7z, L>FUAILAR kv 7 /R4
57212, lenti-X 293T Cells (TakaraBio) (2L > F 7 A /LA F A3 K (pLVSIN-PIP-FUCCI
F 7213 pBOB-EF1-FastFUCCI (Addgene; plasmid # 86849) ; Kevin Brindle & Duncan Jodrell*"
MBS 35 J O Lentiviral High Titer Packaging Mix (Takara Bio) % TransIT-Lenti Transfection
Reagent (TakaraBio) T3t hT7 A7V avam iz, NIV AT 72 a %% 48 Il
TUANAE AN L, Millex-HV 0.45 um low protein binding PVDF membrane (Millipore)
TAiE L, Lenti-X Concentrator (Takara Bio) % FVWCHELE TLOT 1 k2 /UIZHE-S T 100 5
% T L7, HCT116 Mk ZEY &4 C FUCCI SA %7213 PIP-FUCCI 2 %Bi4 5741 )
7 u—F VRHIZFRL L LY —# —SHB00 (SONY) % AV CHifEfifiaz Y —7 ¢ > 7
L7,

Quantitative reverse-transcription PCR  (qRT-PCR)
RNeasy Mini Kit (Qiagen) % VN CEAAIERED D total RNA Z-fifH L, High-Capacity cDNA
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Reverse Transcription Kit (Applied Biosystems) % FHUNTZ 1 Primer and sgRNA sequences (2
R LT 7T A ~—7% F TR DNA (cDNA) 2 &% L. B-7 7 F > Tf54 RNA (mRNA)
D¥EBER%E ) —~ 7 A X L7, qRT-PCR (%, THUNDERBIRD SYBR qPCR Mix (TOYOBO)
Z TN LTz, 9067 71 LightCycler 480 system (Roche Diagnostics) CHfH L 72,

VAL Ty T AT

HRRIZA 7 L—s—Z W ClalX L, RIPA buffer (50 mM Tris-HCI pH 8.0, 150 mM NaCl,
0.1% SDS, 1% NP-40, 0.5% deoxycholate, | mM PMSF 3 J U protease and phosphatase inhibitor
cocktail (Nacalai Tesque)) “C 30 ZpfEDK BICHWE L, S ERAPEA Uiz, Mlufbtix, =
Doy BE% D E1EZ Y L7z, a7 A =— MME. Laemmli sample buffer (Bio-Rad) T
%, E—RF7 72T 95C TS5 /L7, TGX precast gels (Bio-Rad) % i\ 7= SDS-
PAGE Cififd 7 A &— R & 2737 B % 531 L | Trans-Blot Turbo Transfer System (Bio-Rad)
EHWCAL T VAT LTz, Vo AZ T yT 471X, & 3 Thelistofantibodies
used in this study (27~ L7 —REUA & ZRGUAAZAEH L, fiHilE Chemi-Lumi One (Nacalai
Tesque) &V UGS T, LAS4000 mini (Cytiva) %1 Ui L7z,

AR TR

ETS2 i#{x7-1% HCT116 cDNA 7> KOD FX DNA polymerase (TOYOBO) & 75 A ~—

(3 1) 2\ TPCR THE L. pENTR/D-TOPO (Thermo Fisher) (27 m—=>2"L, N
K2 & 7 D 3FLAG % %47 % pcDNA3.1 X7 % — (Gateway Technology, Thermo Fisher)
N LTz, HCT16 B AR IO p53 X Ak o A2 BRI X-treme GENE HP (Merck)
ZHWT BECOFIRFINESTT TAI RE T AT =7 v a o ST, 24 A,
A% cold PBS CHEN L., IPbuffer (20mM Tris-HCI, pH8.0, 137mM NaCl, ImM MgCI2, ImM
CaCl2, 1% NP-40, 10% glycerol, ImM PMSEF, a protease and phosphatase inhibitor cocktail (Nacalai
Tesque) , and 12.5U ml-1 benzonase (Millipore)) TIRfRE L, MEHAEE LTz, w0 0HER.
HEZEI L, 50 Wl d$Ht DDDDK-tag mAb-Magnetic Beads 5 X T} Mouse IgG2a Magnetic
Beads (MBL) & & HI24°CT2 A v FaX— L7z, E—X I~ 7Ry hT w7 TR
Ly MEL, 1mLIP /Ny 7 7 T 5 [EBE4S%,. 30 uL Laemmli sample buffer (Bio-Rad) (ZFF
BB L, 95SC TS A LT, Bt L7c X v R0 Bix, B A2 T a7 ¢
YIVETHT LT,

Ci9 e G ERES

AHAEIL, collagen-I-coated coverslips (Iwaki) _ECHE:# L7, o-tubulin, ACA, CyclinBl ®
Yettld, 4%/ TRV LT VT REHVWT 37°C T 10 MEFEIC L EE L, 90% A #
J—)VERIR TS SR LT, ZDMo X LR oYt X, 4% T RV LT VT
b RZMT 37°CT 15 FEHEIC LV EE LTz, £k, 10mM 7' ) %5t PBS
TYes L. 0.1% Triton X-100 Z&¢e PBS T 5 EEEMEL L, 2% Y Ui 7 /L7 2 v

(BSA) % &1 PBS ZHWCEIR T30 07 m %7/ L, % 3 The list of antibodies
used in this study |~ L7 —IREB L O ZKFURE A > FaX— Lo, IN—RY v T %
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4,6-diamidino-2-phenylindole (DAPI) %% de PBS C 5 Z3H¥ES L. S HIZ PBS THaF%.
Prolong Glass (Thermo Fisher) ZHW\W T~ kL7,

SIS K OYRT

[ 7E A 5254 TlX. All-in-one fluorescence microscope (BZ-X800, KEYENCE) & %\ &
Nikon NIS Elements software (Nikon) CHilf#l9~% Nikon AR confocal imaging system % Fiu
THOEIE S & B L 7=, All-in-one fluorescence microscope (233U T, XL > X1 Plan
Apochromat 40x objective (numerical aperture (NA)0.95, BZ-PA40, KEYENCE) #fff L7z, R
D 1% TexasRed filter (ex: 560/40 nm, em: 630/75 nm, dichroic: 585 nm, OP-87765,
KEYENCE), #%f3 GFP filter (ex: 470/40 nm, em: 525/50 nm, dichroic: 495 nm, OP-87763,
KEYENCE), &4l DAPI filter (ex: 360/40 nm, em: 460/50 nm, dichroic: 425 nm, OP-87762,
KEYENCE)Zf#i~ CTHiH L% L7=, NikonAIR confocal imaging system {233 T, XL >
A1 oil immersion Plan-Apo 100X NA1.40lens (Nikon) ZfEH L7, MHif%i3 0.2 mm HfED Z
ALy 7 E LTHRIG L, Tar R a—a U EFAT LT, ROUEERSZIX. NIS Elements
software (Nikon) % FAVVCIERL LTz, T4 72 A A—V 0 7 EBINZIE, RIS SmM FE
% C collagen-I (Nippi) % glass bottom chamber (Matsunami) HZ=E.C 30 47fH A > F =
R—h45Z2ETa—7 17 L, Fucci 3L O histone H2B-GFP  (green fluorescent protein,
GFP) DOZERBIAMRA R Lz, MlIZ A 7' A A= 7O, 27—
kN 7HIA % 2 _X—%—& PureBox SHIRAITO (Tokai Hit) % JHU T 37°C, 5% CO;
atmosphere | ZfEFF L, FluoroBrite DMEM (Thermo Fisher) (Z 10%FBS & GlutaMAX (Thermo
Fisher) ZUSINU7-R5HICREE L7-, HiffiE, DS-Qi2 camera (Nikon) ##4#k L7-fENrd0t
AR Eclipse Ti-E (Nikon) C Plan-Apo 20x NA 0.75 lens (Nikon) % VT 10 5342 HL
HLTm, A7 x=vA ROBIEITIE, DS-Fi2 camera (Nikon) Z#4# L 7= BN BAMEE Eclipse

TS100 (Nikon) |Z CFlachromat 10xF NA0.25 lens (Nikon) % FIVNCHAHEF M5 2 Hufs L 7=,

MDA 7 = v Rk &M A F=RE

96-well spheroid culture plate (EZ-BindShut® SP, microplate 96-well round bottom, 4870-800SP;
IWAKI) |2 300 cells/well THEFEZEFE L, 24 RifEEE L CA 7 = v A REO%K, BIEDO A

(Control) 33X TN9uUMFTD THWEREL 7=, 3 Hi#, 6 HfH, 9 HEOWLIE, A7 xzw A R
DALFEHE% CellTiter-Glo® 3D Cell Viability Assay (Promega) DIl 1FE3E M HFREE CLUS &
HC, TriStar LB 941 plate reader (Berthold Technologies) THYtAEMIE L7z, B5E% L7-Hila
I3, EFEEREE (Nicon) Z AW THRGY L7, BHEOAT oA ROAFRTa S Fr—/L
LT,

BRI L 2 U R ORI

W) ORE K OHLD P NEEW 2 BRI, TR TSIz T 58)
WFEEREOFEIZBI 28R (2013 4204 H 1 BHfIERAT, 2017 44 A 1 HSUERAT) |
(ZHE B A EL A Lo, RS SEBRI52hERT (2019 4210 A 10 H) IZEWFEREE
S CEVARE ST, ED X — K~ 17 A2 (BALB/cAJcl-nu/nu, 5 8, AAZ LT HEE4)
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X, FFEDRFEURINROEREE (SPF conditions) [ C23+3°C, B 50+20%, 12 KD
BRI 27 L CffE S, £ (CE-2 ; CLEAJapan) & /KIZHAIEERE L=, ZNE oM
% 10%FBS %01 L7- DMEM ££i#1% FVCRE2E L, TrypleExpress™ % VN C I8 L 7=
%12 PBS "C HCT116 p53VT™WT | p537 38 LN pS3RPHRIZH 39 % 107 cells/mL, HCT116
pS3RHARMEQ 3 5 5 107 cells/mL (2725 & H IR L, 0.1 mL/body DOENIET 1 HRIHE L=
~ U ADR NTBHE LT, TG EEE, EEOM (mm), # (mm) XUV E (mm)
ZEET/ X AOWPER CHIE L., SR (tumor volume, TV, BAFORE 0 FHHY) %Ko
77
TV (mm’) = 122 X it mm X £ mm X HE mm

NESFHAFE TV 73 200 mm® FREIZ 72 o 7o~ 7 A &8It AUUEREL 6 ICD~ T R L7
L OTIEEZICEIVHRY (Day0) . A G- ORI Day 1 L V1T->7-, FTD/TPL X, 0.5%
HPMC RIZFTD & TPI A E/LE01:0.5 TIRA LTI L 7=, FTD/TPI (FTD : 200 mg/kg/day)
X, 1 H L EVRRTRIC 2 RS (5 HES. 2 HIRWARSE : Day 1-5, 8-12 po, sid) DEGK
EA— T HRENHET 10 mLkg THH- L7z,

OCARE2E0) 5

qRT-PCR AT Tl #atsma M + EHERATER L, 2 BEFE TEZi ps3 WT
& pS3KO BE, pS3WT B & pS3RI175H B, pS3 WT B & p53 R248Q HEDFHED DA
EME% Student -test TRIAM L7z, p53 KO £, p53 R175H #E % 7213 p53 R248Q HEDfEAS p53
WT LD LAEE (p<0.05) I[UKMETHST-5HAIT [p53 WT LR THEIERITH
%) ERHm L7,

RNA-seq DB FRIFATTIZ. (1) BVERIEE Q) BRLWSRIRIC 2 ISy T T
differentially expressed gene (DEG) ZfhH L7, (1) Bfs FEE8T —# 13 wald FE T
L. P fE% Benjamini and Hochberg Procedure for controlling the false discovery rate (FDR) *?|Z
L > THIIE L7=, FDR 78 0.05 A5 T, logfold change (logFC) D#ExHED 0 & 0 @ g s
¥% . differentially expressed gene (DEG) & L7z, GO enrichment 4T ¥ Cld, KA O¥
BRI L 0 [FE &7z DEG I2OW T, p-value < 0.01, g-value < 0.05 DS TH#HT L
7=, ) B 3E8i7— 41X, FDR & fold change value % V7= Welch’s ttest Chbifs L7-,
KRR T, FDR 23 0.005 Aifi T, log FC OHEkHEAS 1 £ 0 KEVWER 724 L DEG &
L7c, BREMORBLERRIC LV FE Sz DEG (2T, BT Y UHBIREICES<
R HWCRERE 7 7 A X — &7 o1, FHERIOZB(R T RBLOZB) 4 R 58T

(PCA) ICE VLT, TNODOT—=F Y 7 b =713, R fiat Sy 7r—=YB IO
GeneSpring GX software version 13.0 (Agilent Technologies) % F\ 7=,

MRS SR T, Bt @2 i + fRYEREA TR L, 2 BEF L C Control #£ & FTD
SLEREEDSEEHED 722D A EME % Student r-test TR L 72, FTD ALERFEDE)Y Control # L Y
HHE <005 [ZRETHS 725G THUEGIRDH VY | LFHh LT,

T FEER T, FiatE2 FE £ AR TER L, 2 FE# T Control # & FTD/TPI
B GREOEEDO DA EME A Aspin-Welch’s t-test TR L7z, FTD/TPI #5EEDEA
Control FE L W b HE (p<0.05) IUXETH-TGEIT [HUEEIRS D | EFHE LT,
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3 1 Primer and sgRNA sequences

sgRNA for pX330

Primer Sequence (5'-3")

TP53 R175 sgRNA sense CACCGGCAGTCACAGCACATGACGG
TP53 R175 sgRNA antisense AAACCCGTCATGTGCTGTGACTGCC
TP53 R248 sgRNA sense CACCGGTGTAACAGTTCCTGCATGGG
TP53 R248 sgRNA antisense AAACCCCATGCAGGAACTGTTACACC
TP53 R273 sgRNA sense CACCGGACTGGGACGGAACAGCTTTG
TP53 R273 sgRNA antisense AAACCAAAGCTGTTCCGTCCCAGTCC

PCR to construct donor vectors

Primer

Sequence (5'-3")

LoxP_PGK pro (f)

ATCGATAAGCTTGATGGATCCTAACGCGTCGATCATATTCAATAAC

LoxP_PGK pro (1)

GCTAGCGGTAAGCTTCAGCTGCTCG

PGK ter LoxP (f)

GCTAGCCGCCCGCCCCACGACCCGC

PGK ter LoxP (r)

CTGCAGGAATTCGATGGATCCTAGTGAACCTCTTCGAGGGAC

Neo cassette (f)

AAGCTTACCGCTAGCATGATTGAAC

Neo cassette (1)

GGGCGGGCGGCTAGCTCAGAAGAAC

Puro cassette (f)

AAGCTTACCGCTAGCATGACCGAGT

Puro cassette (1)

GGGCGGGCGGCTAGCTCAGGCACCG

R175UPSF GCAGCCCGGGGGATCCCTTAGGAGGCTGAGGTGGGAAGATC
RI75UPSR CGACGCGTTAGGATCCCCTGTCGTCTCTCCAGCCCCAGCT
R175 DOWNSF AGGTTCACTAGGATCCTGGTTGCCCAGGGTCCCCAGGCCT
R175 DOWNS R TAGAACTAGTGGATCCCTAATTTTTTTTTGTATTTTTCAGT
R248 UPS F GCAGCCCGGGGGATCCAGTGGCTCATGCCTGTAATCCCAGC
R248 UPSR CGACGCGTTAGGATCCCAGTGTGCAGGGTGGCAAGTGGCT
R248 DOWNS F AGGTTCACTAGGATCCCTGCTGTGCCCCAGCCTCTGCTTG
R248 DOWNS R TAGAACTAGTGGATCCGCATAACTGCACCCTTGGTCTCCTC
R273 UPSF GCAGCCCGGGGGATCCACTTGCCACCCTGCACACTGGCCTG
R273 UPSR CGACGCGTTAGGATCCCTCCACCGCTTCTTGTCCTGCTTG
R273 DOWNSF AGGTTCACTAGGATCAGACCAAGGGTGCAGTTATGCCTCA

R273 DOWNS R

TAGAACTAGTGGATCCCTTAGATTAGGTGTATTAAATCCAT
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3 1 Primer and sgRNA sequences (Continued)

Site-specific mutagenesis by overlap extension

Primer Sequence (5'-3")

TP53 F TACCAGGGCAGCTACGGTTT

TP53 R ACTGGGGAGGCAGAGTTAGG

pS3R175HF GGAGGTTGTGAGGCACTGCCCCCACCATG
pS3R175SHR CATGGTGGGGGCAGTGCCTCACAACCTCC
pS3R248QF GGGCGGCATGAACCAGAGGCCCATCCTCA
p53 R248Q R TGAGGATGGGCCTCTGGTTCATGCCGCCC
pS3R273HF CAGCTTTGAGGTGCATGTTTGTGCCTGTC
pS3R273HR GACAGGCACAAACATGCACCTCAAAGCTG

Quickchange lightning site-directed mutagenesis kit

Primer Sequence (5'-3")

QC175_F CATGGCCATCTACAAGCAAAGTCAACATATGACAGAAGTTGTGAGGCACT
QC175 R AGTGCCTCACAACTTCTGTCATATGTTGACTTTGCTTGTAGATGGCCATG
QC248 F CACTACAACTACATGTGCAATTCAAGTTGTATGGGCGGCATGAACCAGAG
QC248 R CTCTGGTTCATGCCGCCCATACAACTTGAATTGCACATGTAGTTGTAGTG
QC273 F GAGTAGTGGTAATCTATTAGGACGAAACTCATTTGAAGTGCATGTTTGTG
QC273 R CACAAACATGCACTTCAAATGAGTTTCGTCCTAATAGATTACCACTACTC
Quantitative RT-PCR

Primer Sequence (5'-3")

p21 F AGCGATGGAACTTCGACTTTG

p21 R CGAAGTCACCCTCCAGTGGT

MDM2 F AAATGAATCCCCCCCTTCC

MDM2 R CACGAAGGGCCCAACATCT

B-actin F CTGGCACCACACCTTCTACAATG

B-actin R GGCGTACAGGGATAGCACAGC
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3 1 Primer and sgRNA sequences (Continued)

CEL-seq2

Primer

Sequence (5'-3")

library primer-1(RP1)

AATGATACGGCGACCACCGAGATCTACACGTTCAGAGTTCTACA
GTCCGACGAT

randomhexRT

GCCTTGGCACCCGAGAATTCCANNNNNN

CEL-seq2 (RNA PCR Primer, Index)

Primer Sequence (5'-3")

RNA PCR Primer, CAAGCAGAAGACGGCATACGAGATGTAGCCGTGACTGGAG
Index 11 (RPI11) TTCCTTGGCACCCGAGAATTCCA

RNA PCR Primer, CAAGCAGAAGACGGCATACGAGATTTGACTGTGACTGGAG
Index 13 (RPI13) TTCCTTGGCACCCGAGAATTCCA

RNA PCR  Primer, CAAGCAGAAGACGGCATACGAGATGCGGACGTGACTGGA
Index 18 (RPI18) GTTCCTTGGCACCCGAGAATTCCA

RNA PCR  Primer, CAAGCAGAAGACGGCATACGAGATGCCATGGTGACTGGAG
Index 34 (RPI34) TTCCTTGGCACCCGAGAATTCCA

RNA PCR  Primer, CAAGCAGAAGACGGCATACGAGATATTCCGGTGACTGGAG
Index 37 (RPI37) TTCCTTGGCACCCGAGAATTCCA

RNA PCR  Primer, CAAGCAGAAGACGGCATACGAGATCGATTAGTGACTGGAG
Index 42 (RPI42) TTCCTTGGCACCCGAGAATTCCA

PCR to construct Fucci vector

Primer

Sequence (5'-3")

PIP-Fucci in fusion (f)

GAGCGGCCGCGGATCCACCATGGAGCAGCGCCGCGTCACCGAC

PIP-Fucci in fusion (r)

CGGTAGAATTGGATCTTACAGCGCCTTTCTCCGTTTTTC

PCR to construct ETS2 vector

Primer

Sequence (5'-3")

ETS2 vl _firstM fiee (f)

CACCAATGATTTCGGAATCAAGAATATGG

ETS2 (1)

TCAGTCCTCCGTGTCGGGCTGGACG
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3 1 Primer and sgRNA sequences (Continued)

CEL-seq?2 index primer (96 Primers)

Primer

Sequence (5'-3")

CEL-Seq2 13s

GCCGGTAATACGACTCACTATAGGGAGTTCTACAGTCCGACGATC
NNNNNNAGTGTCTTTTTTITTTITTITTTTTTITTTV

CEL-Seq2 15s

GCCGGTAATACGACTCACTATAGGGAGTTCTACAGTCCGACGATC
NNNNNNTCTGAGTTTTTTTTITTITTTITTTTITTITV

CEL-Seq2 21s

GCCGGTAATACGACTCACTATAGGGAGTTCTACAGTCCGACGATC
NNNNNNGTACCATTTTTTITTTTTTITTITTTITV

CEL-Seq2 23s

GCCGGTAATACGACTCACTATAGGGAGTTCTACAGTCCGACGATC
NNNNNNGTCTAGTTTTTTTTTITTTTTTTTTITTTV

CEL-Seq2 27s

GCCGGTAATACGACTCACTATAGGGAGTTCTACAGTCCGACGATC
NNNNNNGTGATCTTTTTTTTTTTTITTTTITTTTTV

CEL-Seq2 31s

GCCGGTAATACGACTCACTATAGGGAGTTCTACAGTCCGACGATC
NNNNNNACTCGATTTTTTTTTTITTTTTTITTITV

CEL-Seq2 33s

GCCGGTAATACGACTCACTATAGGGAGTTCTACAGTCCGACGATC
NNNNNNACGTTGTTTTTTTTTTTTTTTTITITITTV

CEL-Seq2 36s

GCCGGTAATACGACTCACTATAGGGAGTTCTACAGTCCGACGATC
NNNNNNCTAGTGTTTTTTTTTTTTTITTTTTITITTV

CEL-Seq2 42s

GCCGGTAATACGACTCACTATAGGGAGTTCTACAGTCCGACGATC
NNNNNNCTGTGATTTTTTTTTTTTTITTTITTITITV

CEL-Seq2 45s

GCCGGTAATACGACTCACTATAGGGAGTTCTACAGTCCGACGATC
NNNNNNTGCATGTTTTTTTTTTTTTTTITITTTTV

CEL-Seq2 49s

GCCGGTAATACGACTCACTATAGGGAGTTCTACAGTCCGACGATC
NNNNNNTGGTACTTTTTTTTTTTTTTITTITTTTV

CEL-Seq2 52s

GCCGGTAATACGACTCACTATAGGGAGTTCTACAGTCCGACGATC
NNNNNNGATCTGTTTTTTTTTTTTITTTITITTTTV

CEL-Seq2 55s

GCCGGTAATACGACTCACTATAGGGAGTTCTACAGTCCGACGATC
NNNNNNAGACAGTTTTTTTITTTITTITTTITTITV

CEL-Seq2 59s

GCCGGTAATACGACTCACTATAGGGAGTTCTACAGTCCGACGATC
NNNNNNAGGACATTTTTTTTTTTTTTTTTTTTTTV

CEL-Seq2 64s

GCCGGTAATACGACTCACTATAGGGAGTTCTACAGTCCGACGATC
NNNNNNCACTTCTTTTTTITTTTITTITTITTITTITV

CEL-Seq2 65s

GCCGGTAATACGACTCACTATAGGGAGTTCTACAGTCCGACGATC
NNNNNNCAGAAGTTTTTTTITTTITTTITTTITTITV

CEL-Seq2 68s

GCCGGTAATACGACTCACTATAGGGAGTTCTACAGTCCGACGATC
NNNNNNTCACTCTTTTTTTTTTTTTITTITTTTITTV

CEL-Seq2 69s

GCCGGTAATACGACTCACTATAGGGAGTTCTACAGTCCGACGATC
NNNNNNTCCTCATTTTTTTTTTTTTTTTTITTTTTV

CEL-Seq2_6s

GCCGGTAATACGACTCACTATAGGGAGTTCTACAGTCCGACGATC
NNNNNNCATGCATTTTTTTTTTTITITITTTTITTV

CEL-Seq2 78s

GCCGGTAATACGACTCACTATAGGGAGTTCTACAGTCCGACGATC
NNNNNNACCAACTTTTTTTTTTTITITITTTITITTV

CEL-Seq2 82s

GCCGGTAATACGACTCACTATAGGGAGTTCTACAGTCCGACGATC
NNNNNNCTTCACTTTTTTTTTTTTITITTTITTITITV

CEL-Seq2 86s

GCCGGTAATACGACTCACTATAGGGAGTTCTACAGTCCGACGATC
NNNNNNTGAGGATTTTTTTTTTTTTTTTTITITTITV

CEL-Seq2 90s

GCCGGTAATACGACTCACTATAGGGAGTTCTACAGTCCGACGATC
NNNNNNGAAGACTTTTTTTTTTTTTTTTTTITTITV

CEL-Seq2 94s

GCCGGTAATACGACTCACTATAGGGAGTTCTACAGTCCGACGATC
NNNNNNGACAGATTTTTTTTTTTTTTITTTITTITV
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3 2 Reagent of CEL-Seq2

Product Supplier Cat# Step

ERCC RNA spike-in mix Ambion 4456740 Primer mix

Deoxynucleotide (ANTP) Solution Mix NEB NO0047S

SuperScript 11 invitrogen 18064-014 RT reaction

RNaseOUT invitrogen 10777-019

Second Strand buffer invitrogen 10812-014 Second

Deoxynucleotide (ANTP) Solution Mix NEB N0047S strand reaction

DNA Polymerase I (. coli) invitrogen 18010-025

E. coli DNA ligase invitrogen 18052-019

RnaseH (E. coli) invitrogen 18021-071

AMPure XP beads Beckman Coulter A63880 cDNA
cleanup

MEGAscript T7 Transcription Kit Ambion AM1334 VT

ExoSAP-IT For PCR Product Clian-Up Affymetrix 78201 ExoSAP
treatment

RNACIean XP beads Beckman Coulter A63987 aRNA
cleanup

Deoxynucleotide (ANTP) Solution Mix NEB N0047S RT reaction

SuperScript 11 invitrogen 18064-014

RNaseOUT invitrogen 10777-019

Phusion High-Fidelity PCR Master Mix NEB MO0531 Primer mix

with HF Buffers

Ribonuclease A (10 mg/ml) nacalai tesque 30100-31 Disassenbly
and removal

AMPure XP beads Beckman Coulter A63880 Cleanup of
PCR products

E-Gel™ SizeSelect™ II Agarose Gels, 2% invitrogen G661012 SizeSelect

MinElute PCR Purification Kit (250) QIAGEN 28006 Purification

High Sensitivity DNA kit Agilent Technologies 5067-4626

NEBNext Library Quant Kit for Illumina NEB E7630L

Hiseq PE Rapid Cluster Kit v2 illumina PE-402-4002 Run

Hiseq Rapid SBS Kit v2 (50 cycles) illumina FC-402-4022

buffer

Fragmentation buffer; 200 mM tris-acetate, pH 8.1, 500 mM KOA¢,150 mM MgOAc

Fragmentation stop buffer; 0.5 M EDTA pH 8.0

Bead binding buffer; 20% PEG8000, 2.5 M NaCl
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3 3 Thelist of antibodies used in this study

Antigen Supplier Cat# Dilution
PARP Cell Signaling Technology 9542 1:1000
cleaved PARP Cell Signaling Technology 5625 1:1000
pS3 DAKO M7001 1:1000
p21 Santa Cruz Biotechnology sc-397 1:1000
Caspase 3 Cell Signaling Technology 9662 1:1000
cleaved Caspase 3 Cell Signaling Technology 9664 1:500
[-actin Sigma A5316 1:2000
a-tubulin Sigma T6199 1:2000
centromere (ACA) Immunovision HCT-0100 1:10000
Cyclin Bl Merk Millipore 05-373 1:500
Lamin A/C Cell Signaling Technology 4777 1:200

18




# 1% CRISPR/Cas9 A7 L& Mz ps3 I Ak AL R
E KRR OAE T

p53 I A REEBRRBINL OB

P53 AT —H ZADFENDHIN AL, FEZ FTD ORhE L AW 7 vt 2 &5 LT-#ifd)s
B RIFT BT L CTHOMNIT 22 ENAMNTHD, L, RAaed R AHROM
FaRRE]C pS3 AT — X ZADENWE T 5 Z LIE, p53 AT — X ALSNOBIE I 7D
HEWNZHSRET DB L PRT D 2 LIXTEZRY, I5IT, pS3 13 DX LRI /E LD
HAEHT 2 Z EIER - Ch D Z EnD, MO A ERDIFE R, Z IR
iRl ﬂﬁ@% THISR U CRIANCHEN TTND Z MR SIS 2, 20X 57/
RS D72, B (wildtype, WT) p33 2 L. 2 5RO ToH % HCT116
iz CRISPR/Cas9 /XTA%:EFJ UWNT p53 AELE IR AN T 5 2 & & LT,

ZIVE TONZET, CRISPR/Cas9 7/ Lt 3 A7 Lz FHV T p53 wild type HCT116 i
AR (LUF, pS3WT fiig) 7°5 ps3 / 2 77 b HCT116 i (LLF, p53 KO fifg) @
BINAZERED LT D 1539, AT ClE, 3 O p53 GOF TR )~ 7 A HCT116 Hilla
T D p53 RITPHRITH - 553 RASQRAQ 45 ] (N p5S3 RPHRIBIHCT116 e (LT, pS3 R175H,
p53 R248Q. p53 R273H #llifid) ORINLZRAIA-, ZHHOZERT, structural mutation (e.g.
R175H) & DNA contact mutation (e.g. R248Q. R273H) |Z/7%HE 4, & MEhLELILZ
p33 ZRBIE T TR OBEORWARTH D B9,

P33 I R R BB ST

CRISPR/Cas9 7"/ MREEHLANTIE, —AEHUIWHEIE LK T 5 Homologous recombination

(HR) (2L % DNAEEZFIHT 222 L7 (K 6), p53 I Ak A FEE A AU
BITA~OFINAOHEE %[ 7  Workflow of CRISPR/Cas9 genome editing |27~ L7z,

XU HIZ, CRISPR/Cas9 7/ At AT L& FAWT ps3 S AV ALERE ) v I A
THEDIZ AT A V7 b =T D CRISPRdirect 2 L T single guide RNA (sgRNA)
BB & 2V ENDEREENT 257 X Bk 22— R BN OUHCERET L7 9, 3&%EHL
7= sgRNA Bc#1i33% 1 Primer and sgRNA sequences (2, TP53 i&fn - EOAEIXX 8
Testing p53 sgRNA cleavage efficacy (27~ L7z, ZALEILD sgRNA FIFIIZOW T, Guide-it™
sgRNA In Vitro Transcription and Screening Systems (Takara Bio) % UV T, sgRNA OEEIEL
YRR 27 ) DU A RS LT (K 8), FEALEILD sgRNA BlF| Dt v 2B LT
FHAFY IRXT VAT Feamll & D, 7=—U 728 ) A4 2 DNA &
L. pX330A-1x2 (Addgene; plasmid #58766. FengZhang X ¥ fit5-37) @ Bbsl GIWrA7IC

—= T H T LT A sgRNA BN KT 5 Cas9 DY 7 )b— kD7 8D Scaffold domain
Zate sgRNA & DNA YIWilESE Cas9 Z[RIRFCHIIT 272007 T A K7 X — (p53
sgRNA (R175) ,p53sgRNA (R248) ,p53sgRNA (R273)) ZHEE L7z (X 9),
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WIZ, REREADT- OO N F—_7 Z—5 M5 LT, HCT116 Afaiko s/ 2 DNA
Z# L L. KOD FX DNA polymerase (TOYOBO) (24X Y. ZNENDORENE R 1D
sgRNA BiFHTEFH IR 500bp DO/EfER K OVEE DNA Wi fr 24808 U7-, A, ABiidzi
TNERBZEANT DT R ) BEglexy Y o EZIBET D2 YV INAT T T
HNE 2 BTl CAANTE, ETo, Fili & ABEDFE AT A LA BamHI 783k 2
HAIA AT, In-Fusion HD Cloning Kit (Takara Bio) % HUNC/Zfd, Al DNA Hih %
pBluescript SK+ A BamHI (Bam HI SIWHELA73 N 200 ZAkEE S 40TV %) @ EcoRV BIWREYL
iz a—=r7 L7, BHO p53 I Ak A% 5T QuikChange Lightning Site-Directed
Mutagenesis Kit (Agilent Technologies) %W\ CZ DT AI RETHEAL, ZOR:, [
X MEHWT, £, A DNA W1 o protospacer adjacent motif (PAM) E#I36 LY
sgRNA target it#1lZ $ CRISPR/Cas9 (2 X 2 FrtIi 2B 7o b DA Lo MERZE A LT,
U7 2R B 4G N U T fe i & Al i) D N ARICRAZSA £ 72 BamHI YIHAZIZ, B =
—u~ AV UEIIRATA VUM E b (FIER loxP BANTHE R T AEE) &7
n—=>71L, N}I—~_r7%—%L L7 (pDonor(R175H)-puro, pDonor(R175H)-neo 7% &
10) 77 A3 NEEEDT-ODT 7 A ~—ORFIZZR 1 Primer and sgRNA sequences (27~ L
7=

HCTI116 #HfED BHID 7 ) BENL DGR NL, 10 Schematic design of CRISPR/Cas9-
mediated gene targeting |~ VA TITo 72, 9, HCT116 #fifeliZ 4D Nucleofector (Lonza)
Z VT, B0 sgRNA AR 251 pX330 77 A3 K (p53 sgRNA) 1 ug &, B=
—na~A UMMy M ERIERA~A Uity FEFTS 2 D RS —DNA
77 A3 K (pDonor-puro, pDonor-neo) #4541 ug 238 A L7c, 24 Fefl%, #0)72 0%
FETPI00T 4 ¥ 2 lCFF L, SHIZ2 HEPDE a—r~A 2 (0.5pg/mL) & G418

(rA~A ) (800 ug/mL) (Thermo Fisher) T 10~14 H “H®N L, an=—%JFk
SH7-, H—Hlapskoan=—3 /7 a—=0 7Y U V2RV THEEL, 427 ma—125
WTHIlRZHESE, 7/ ADNA ZffitiL, 7/ LAPCR &3 — 2 = RIZED AT Y —
=T EToT, W7 U —/VAROERINEA S AIRIE, R175H, R248Q, R273H %
LTI 2/48 (4%) . 3/48 (6%). 0/55 (0%) T -7z, pS3R273H 5 A A S 7= ffEss
OIS TZERITHA S TIZRV, A7 U —/ U BRIOZEEAEA S 7 S 15
B> T2Z ExB, pDonor (R273H) 77 A3 K357/ A EOMFRIES N EAA F i
< WVREERI 2B DM ET D Z R TRIND,

M7 U —/L® p53 R175H 35 L U8 p53 R248Q A HANE A X /- fillakk 2 7 v — 9 o
O\, TP33 BB EICHAA EN T B a—a~ A VB O A~ A VUMM ED &~ R OB
E&21T o 7=, J71E1% Cre Recombinase Gesicles (Takara Bio) %V \7=£%PN~® Cre recombinase
B R EENEE AV, Cre-loxP $ix v AT LAFERES W5 Z &12 X 0 3EAIRHME D &
v MEREL, HEZ o—=27%4T\), p53 R175H $ LT p53 R248Q Hlliuz 48z L=,
p53R175H 35 LU p53 R248Q MEIZHDWTIL, 7/ Ay —7 U AIZE D HIYOZELAH
TN v 7 A4 SITWD Z EaEd Lz (K 11), BINE L7z p5S3R175H 38 XU p53
R248Q HHFEIZ OV TC, ZOHfRIFRERS L ORGSR & p53 WT #lifnds X OV ps3 KO #fl
fa bt Uiz & 2 A, DBEOFBRIZHWABRICEEDNMEL L 705 19 702213588 Hi/eh
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PLEDOFRER LY, 77 A FIT p53 GOF AR DL ZE A LT HCT116 Al TédH 5 p53
R175H 3 XUV p53 R248Q FIROBINLIZ R Zh L7z,

CRISPR mediated HR

CRISPR/Cas9 \

l Double strand break

genome

genome

_ : 9 E’ -
| mr
_g Knock in g senome

l Cre recombinase

F E’ genome

X 6 HR mediated gene knock-in

CRISPR/Cas9 genome editing technology was selected for a system that utilizes DNA repair by
homologous recombination (HR), a double-strand break repair pathway. The drug resistance cassettes
integrated into the genome were removed by the Cre-/oxP recombination system. The green area is the

target gene site. The blue area is the drug resistant cassettes site.

Workflow

Design & construction of the CRISPR/Cas9 vector
(Testing p53 sgRNA cleavage efficiency)

Design & construction of the donor vector

Transfection

Puromycin & neomycin selection

Single cell cloning
Screening by PCR & confirm the sequence

Excision by cre recombinase

X] 7 Workflow of CRISPR/Cas9 genome editing
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p53 sgRNA: RI175 R248 R273
- i -
TP53 gene locus E5S E6 E7 E8 E9
= pS3 sgRNA
= \ 00 on
= S 3 5
Mo & x = M
(kb)
10
8
8
4 w
3 A
2
e
1.5 e
1 -
0.7 St
03 ¥ L ]

uncleaved cleaved

8 Testing p53 sgRNA cleavage efficacy

For each sgRNA sequence, the target sequence-specific genome cleavage ability of the sSgRNA was
confirmed using Guide-it™ sgRNA In Vitro Transcription and Screening Systems (Takara Bio).
Agarose gel electrophoresis image shows the separation of DNA fragments (0.8 % agarose gel/TAE).
Lane M shows 1 kbp ladder maker. Lane control shows the untreated Control Fragment. Lane R175H,
R248 and R273 shows the treated target fragment. sgRNA indicate small guide RNA; E, exon; bp,

base pair; and kb, kilo base pair.
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. Annealed oligonucleotides
for designed locus
ue ¥ CBh
o M
gRNA Cas9 nuclease
Bbsl scaffold

pX330A-1x2 Amp.

X 9 Construction of CRISPR/Cas9 expression vectors

To knock-in p53 missense mutation using the CRISPR/Cas9 genome editing system, single guide
RNA (sgRNA) sequences were designed using the online software CRISPRdirect **. The sense and
antisense oligonucleotides were annealed and cloned into the Bbsl site of pX330A-1x2 (Addgene;
plasmid #58766), which was a gift from Feng Zhang *”. Amp indicates ampicillin; U6, U6 promoter;
and CBh, CBh promoter.

23



Donor vector

Puromycin

Donor vector

¢ CRISPR-mediated HR

Puromycin

Neomycin

R175H

[X] 10 Schematic design of CRISPR/Cas9-mediated gene targeting

To establish the p53 missense mutation knock-in cell lines, HCT116 cells were co-transfected with
the pX330 plasmid containing the single guide RNA target sequence and two donor DNA plasmids
harboring puromycin or neomycin resistance cassette using a 4D Nucleofector (Lonza). After double
selection with puromycin and G418 (neomycin), each clone was screened by genomic PCR and
sequencing. The puromycin and neomycin resistance cassettes integrated into the 7P53 loci were
removed by the Cre-loxP recombination system. Cre recombinase proteins were delivered into p53
missense mutation knock-in cells using Cre Recombinase Gesicles. E indicate exon; Chr,
chromosome; HR, homologous recombination; PGK, phosphoglycerate kinase; pro, promoter, and

term, terminator.
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pSSRI?SH.’RI 75H P53R14EQ.-'R24EQ

L L

AAGCAAAGTCAACATATGACRGAAGTTGTGAGGCAC TGCﬁATTCAhGTTGTﬁTGGGCGGCATGAACCAG

K Q §$ Q H M T E V V R H cC N s

£ ok k£ k % *k * * * % K * k%

K Q § Q H M T E V V R R CNSSCMGGMNR

AAGCAGTCACAGCACATGACGGAGGTTGTGAGGCGC TGTAACAGTTCCTGCATGGGCGGCATGAACCGG
2RNA target PAM 2RNA target PAM

pSSWDWT

[X] 11 Sequence analysis of the CRISPR/Cas9-target site

p53 R175H and p53 R248Q cells were confirmed by genome sequencing to have the desired
mutation knocked into both alleles. WT indicates wild type; PAM, protospacer adjacent motif, and
gRNA, guide RNA.
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R175H #32-7
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Xl 12 Morphology and proliferation doubling time of p53 missense mutant cells

Representative images were taken on mid-log phase. Scale bar, 100 um. Cell growth was measured
by CellTiter-Glo®™ 2.0 Cell Viability Assay on the indicated days. Data are means (n=3). WT indicate
p53 wild type cells; KO, p53 knockout cells; R175H, p53 R175H cells; and R248Q, p53 R248Q cells.
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P33 I At AR EMREROIANEE

BNZ L7z p53 R175H 35 L OF p53 R248Q AHAIZISIT 5 p53 OHERBIZ W TR 5728
(2, EFHHERFD p53 EEHHEIG -Ch D p21 LU MDM2 @ mRNA FHL L~/L% qRT-
PCR IZ L VFHI L7z, HCT116 (p53WT) #llf & kbl L, p53 R175H 35 L T8 p53 R248Q il
Fa-Cl, p53 KO #lfd & [FIERIZ p21 383X TN MDM2 @ mRNA FHL L~Lo3G BiIED - 7

(B 13), ZORERIZ, TPS3 BB T 17 X BARIZE Y | p53 OIEFHREN Kb
e EEHRL TS,

WIT, BN L7= p53 R175H 38 L 08 p53 R248Q Ml ps3 ATEMALT 544 72 DNA 815
FHEHN KT DIEICHOW T AT o 7o, B L7TZ3ERNEIX 7 LAY 7 J 1 7 R34

(FTD 3 L UV5-FU) . DNA 44ER3EH] (277 F ), DNA HRFHERSA] 077 1~
2 Y ), DNA UIEREER] (RAINY ) AZF ) Thod,

p53 R175H 35 XU p53 R248Q MEiZIsW T, pS3 KO Mifla & [Alkk, i H HIFHRED p21 &
2Ry BN T pS3 WT a2 He~JBi LT )  mRNA FEBUfT O R & —8 L 7= (1
14), DNA fBEFHER 2 /EM S 872, p53 R175H 3 X T8 p53 R248Q HfRic T, ps3
2RI BOERED pS3 WT Alifa & [FERICHER STz, 377200 DNA HIEHEANIRT L
Tp33 # 7 BEARIISE LTZIZ b B3, ps3 WT Al L #7200 pS3 R175H 88X
¥ p53 R248Q FlZOD 5 C DNA HIEFHEANC L D p21 EREFHE SN2 oT2, Thb
DT —=HIL, p53 IAR L ALRL LRI D, pS3WT OFFHREIEMELREIC DU THERE
#24% (lossof function, LOF) L CW\\5 Z L2 BT 5, ZNOORERIX, 7 o—MEDE
WAL= O TN L2 tho s o — 2 F AW EERIC L iR L (K 15),

PLEOFER LD pS3 (2T 1 7 2 BROERE 7 ) A ETEANTH200 T, EER
p53 OHREA#EJ: LIS LT LV, DNA BEFFERICK 2085 (p21 # LoX
BOER) PR TLEI ZEBRHELMNIR ST,
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p21 MDM?2

ok **
13- T 12 -
§ 1.0- 5 1.0-
Z 2
=08 E 081
e e
5] [:5]
< 06 < 06+
=4 (a4
E 04 - E 04-
z 2
F 02 g 021
[:¥] 5]
2 i g
0 - 0l
WT KO RI175H R248Q WT KO RI175H R248Q

13 gRT-PCR Analysis of mRNA expression levels of pS3 target gene p21 and MDM2

The cells were cultured to mid-log phase and collected for extracting total RNA. Expression of
CDKNIA (p21) and MDM?2 was assessed by real time-PCR and normalized by S-actin. Results are
displayed as mean + s.d. (n = 6). Statistical analysis was done Student #-test. **: p <0.01. WT indicate
p53 wild type cells; KO, p53 knockout cells; R175H, p53 R175H cells; and R248Q), p53 R248Q cells.

28



WT KO R175H R248Q

3 uM FTD = + - + = + = +
p33 — - -
P21 | - -

B-actn | o g S—— —— — —

WT KO R175H R248Q
3 uM 5-FU - + - + - ¥ - G
p33 — - e D

P2L | - -

B-actinl | e — — — — — — —

WT KO R175H R248Q

5 uM CDDP e + & ik = 2 = +
pS3 — - ..

P21 [ - —

Practinl | e Se— — — — — — —

WT KO R175H R248Q

0.5 uM APH . + - T - + - n
p53 | - T -——-

p21 | -

B-actin | e G — A — —

WT KO R175H R248Q
20 nM NCS - + = + 2 + z 4
p53 | . . ——— —

P21 | -

[rachinl | o a— — — — — — —

[X] 14 Reaction of the p53-p21 signaling pathway with DNA damaging agents

Western blot analysis of RIPA extracts; HCT116 p53 WT, KO, R175H and R248Q cells were
cultured in the presence of 3 uM trifluridine (FTD), 3 uM S-fluorouracil (5-FU), 5 uM cisplatin
(CDDP), 0.5 uM aphidicolin (APH) and 20nM neocarzinostatin (NCS) for 24 hour and harvested.
WT indicate p53 wild type cells; KO, p53 knockout cells; R175H, p53 R175H cells; and R248Q),
p53 R248Q) cells.
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WT KO R175H R248Q

Parent #19 #32-7 #36-9 #34-12 #38-1
3UMFID -+ -+ -+ -
ps3 -— — - — - ~— @
P21 | e -

Bractin | e - c_——— — — — — — — —

15 Reaction of the p53-p21 signaling pathway with trifluridine

Western blot analysis of RIPA extracts; HCT116 p53 WT, KO, R175H and R248Q cells were
cultured in the presence of 3 uM trifluridine (FTD) for 48 hour and harvested. WT indicate p53 wild
type cells; KO, p53 knockout cells; R175H, pS3 R175H cells; and R248Q), p53 R248Q cells.

B

p53 1X DNA 15, Bk, s I, iERR EDOA N L ANE L& LT 5
LT, SESERHEBTEEEFET D, SDHIZpS3 I T b EEEICERATED S
BIRTTHY ., FRIZIBT ps3 OIEERER: (LOF) ITHETH D, HROFEMHKIC IS
B pS3IXTDIFEAENT RV BEESE L B9 IA B AERTHD Z ERMBILTL
DM, W ONO I A U AERII BT BB TO L ) ITEOETE2 T LAIET 5
IS DEI T ENRESNI D, ZOAN=ALE LT, p53 I AR AERNY
n~F A OB LA EZFE L, EORRT ) L UA Ny v~ F UHiliEEZ b S
BT ) AR EEZ T2 & TEOMIRA TTESE 5 Z LV RENTZ, 2D X 57 ps3
I At AZERIE, ﬁﬁﬂLﬁ%&Lf@K%@% R DDA 5T ps3 AN
FRER & LW -2 RBEFET DA (GOF) ZRTHDH Z LV RINTV5
2, AW TipﬁWT%%ﬁ?étFF@@%H@M6%%%&UCCMWR%ﬁ/
AT DR ) MRESIRC LY, 7/ A EIZ GOF & LTOHEDH D ps3 L Atk
VO AZEF (R175H & R248Q) DA% B A L= AMIERROBINLIZ R Zh Uiz, Z OFMIEkEE
HZEWCXD, 7 AT ps3 S AR ABEINEA SN Z LI X AN RIE T
O ERER I FTREE 720 | & MEE T b mBE TRl S5 ps3 I A A% A
B & LT IR 28T D 7o DI A7e e 7 Vilila & 72 5 Z L3 lifs S,

7 MfEEIE DNA “ESHUINOBIEHRE LA FIE 2720, AT DMK A
VIS ATRD 5 2 L3R EEmD D DICHEE TH 5, ERZHIEICEV T DNA —HH
BT IR mERE  (non-homologous end joining, NHE]) & FH[AEI#H#L % (homologous
mwmmmmﬁm)@ZO@ﬁ%%ﬁLT@@éﬂémoih%@Vﬁﬁyiﬁ%%@&

ZR1-LTHY | NHE) (2 X DRI 48 L TRRETH D DI L, FHFEHHE

iﬁ% St M RDTFET 5 S D G2 HIlZ LovEE Z H720 & B 2 BV TV A, NHET 12

L BEEIE, GIWRALO FEFE I CHEIEDIASCK K Z LY Z LR D720, BED
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IEREMEITR Y, ZAUSK L, HR ICX DEEIZEMTH D, ARID X HICHERE 7 ) A
FITHAT584A. KT —DNA ZFIf L7 HR #IC L AEENSETH D, HCTI6 1T
fOFEAIIIRIZ LS HR 291 L7257 ) AREEDREIIEZRDN @O 2 E MBI TR Y . 4l
BREE LT L7228, 2FOEAZ AV, 2507 U —/ /U RIRHC IEMEIC AR ZEAT
ETEEI TS TO % Thole, TDE T /) MEFIDFREEIMREI TR & LTI
I CHDHMN, Stk /Ny TOFIRSHFIEMIICI T 5 DNA EEBEOIISTR S 415 H

U7k Zdt B 208 U TR EAviul ™, Z oAb EE 5 EifFE s,

ARFFECRISLIZE) LTz p53 X A o AZRRE AL, p53 WT Hifads & UY p53 KO il
fa b e L= & 2 A, ZOER L ONEF R ISR AHFERRIC VLT, 5B OEBRIZH
WABRZEBENNEE L 725 10 IEWNTERD BV -T2, ZIH D p53 I Ak AZEH
AHINEIZ DNA BEAIZ T2 & pS3ITER LI bbb, p2l OFEIIEY
ENieotz, p53 2 AL AL FE AN AAIZ: EIC XD DNA 8542515725
A pS3-p21 1T K HHFHANHIFSRE DO HE L7 RAEC, iR B 5 & SivDd GOF
p53 DFEFENEZ DLV D ZETHY | FIREICKITT B OV TERITHETT 2 24021
N5,

AMFFETIL, CRISPR/Cas9 > AT L W=7 ) AREHATIZ L W HCT116 @ p53 I A
B A B ANHIRE S ) — X BRI CTE 722 LT, p53 BRLSMNIFE— OB =T
DORBIID RGN FIREIC I o T Z L ITAER THH LB XD, AR TENL LT p53
I Ak U AZEE AR, SR ORMIIEORIBIZEINT 2 Z L3S D,
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o p53 I At AZEBLE A HIRRK O HERER S S R
A=A Y

P33 I A VAR EEERT ETS2 & OFAAEH

FINE L7= pS3R175H HifE & pS3R248Q AR Tld, BPAY pS3 OFEREN TR L TND Z &
AWRENTZ, LovL, EiCHaCIES A AZEREA SO ps3 BRI L TWD Z & bl
DOHITEY, ZOX T EITITEAER p53 LR DHRENH D EEZ LN TN D,
I A AERIPE AN SNIZRFICEEAE S ND p53 (R AB U AZE p53 LIRS X, B4
W p53 & OMHBEAERNHERR SV TN RWE S 7e Z L7 EAHEAER U, #17- 7eiRE & 7%
52 E0NHESH TS, Bz, S ARV AERpS3ZT7 7 IV — AL R"—ThH5H
p63 BE N p73 LMHEMERHL, ZNOHDT R h— AFEREEZ TN T L2 ENTEDH D
&R0, MOEEER T (NF-Y, E2F1, VDR 7¢&) LAHE/ER UEKRET 5 2 L3t ST
WO C O EERIL, I AR AER pS3 R ED & 5 1T FREL AR L.
FLHSMREEEAA, (A L OB RS 5 AT 2 DICEE Th 5 %9, R175H
BLUR248Q D L 9 72 DNAFEA KA A VNICT R FREHZ LD I A0 AZE R p53 13,
BPATY p53 L IIMAENER L2 & 9 BRI LS L, $PA OB s FREORH 27587
5D EBHE SN TS 298 it Y, | E26 transformation-specific (ETS) 7 7 X U —@D—
BTHDHETS21E, I A AR ps3 ERERNCHASER T2 Z &R BTN D 29,
ZOMEEREN L, S AR ALR pS3 137 n~F UHERTF (B A R AFILRT
A7 =27 —FOMIL,MIR2 Lt AR TEHFIVET AT 2 T7—FD Moz) DEEETE
BWICHEA L, TORAEZNESE, 7 LUA Rk 2 hrOAF/UELT v F /U&7
HEEDZ ET PADHERBIZHS L TN Z LG SiiTnd 2,

AMFFETIE, I L7= pS3R175H 38 LT p53 R248Q HIEICISIT 5 R A AZEHL p53 &
VXZEF L ETS2 & OMBAERIZOWCEHI L7z, £9°. pS3 WT Hild, ps3 R175H A,
LU pS3 R248Q il A FVNT, H1 pS3 HURIZ K 2 Ak b 2170, RN D ETS2
DRI SN D&t L7223, BTS2 235 2 & T& 7eh o7 (datanotshown), =
DOFERIT, ZHOOMBRTD BTS2 BN Y = A X Ty T 4 U 7 XA H453 T
RN EDNFRRTH D AEEENRE 2 bz, 22T, ETR B 27 u—=r71L NK
IZFLAG % 7 %A1 L72 ETS2 R HRA Y & — AR U LRriifil s — il SRR S
PUFLAG HURIC X D HA ik e 21T o 72, T OFEE, FLAG-ETS2 & p53 R175H & OFHA.
TERDHER SN (K 16), LA L., p53 WT X°p53 R248Q & OAH AN TR S 7ni»
7z, ETS2 & p53 R248Q IZOWWTIL, ZHE CORE THAMEM T2 Z LAVRSILTHD
%08, pS3RI75H B L TUNR248W & DR AAERICHEARTHINZ E DRI STz 24, 4
[l St CHEN L 7= Il Bt Tk, ETS2 & p53 R248Q & DFHAAMEMIZL. ETS2 &
pS3WT & OFHANER & il U CHfeZ & IR CE o7,

PLEOFEFRL Y, pS3RITSH X ETS2 & OFHESEMZI L, #if-7ekkne % 45 L 7= GOF
S AB AR pS3 X LRI TH D RIREMAVR SV, F7-, pS3R248Q 1INEHE D pS3
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R175H |ZHER ETS2 & OFESERNTINZ & DR S, p53 O BOFEREIC X DFHERED
HORDHDZ ENRB I,

5% Input 1P:IgG IP: FLAG-ETS2
& QQ X Q & Q
A N > B 17 i
AP A P UL S P )
p53 — — —  —

FLAG | s s SR -“

16 Interaction study of p53 and ETS2 proteins using co-immunoprecipitation analysis
Co-immunoprecipitation of HCT116 p53 WT, p53 R175H or p53 R248Q cells expressed Flag—
ETS2 with p53, followed by western blot. WT indicate p53 wild type cells; R175H, p53 R175H
cells; and R248Q, p53 R248Q cells.

CEL-Seq2 ¥£1Z & 5 RNA-seq fEHT

pS3R175H & ETS2 & OFHALEMAM MR Sz Z £ 225, pS3R175H 78 GOF X Ak A
BE p53 Z Ny ThDH I EPRREINT., £D—TJ7, p53 R248Q & ETS2 & DFHAAE
IR TET, 202200 I AU AER p53 X L7 ZONT, EOEEIZEWVYRH S
AHEMER B o7, I AU AR p53 RHIC X 0 MICE Z D BbORIRMEE I Z D120
(2, pS3WT, p53KO, p53R175H F 7213 p53 R248Q M T/ AU A RIZHEIG T-HELD
ZERE IR LW e E 2T (K 17), Bia T REOIREZ MR AT 5 HiETh
HRT7RA7 VT N—AREHTIZIE DNA v A 7 a7 LA SRR —47 > % — (Next
Generation Sequencing; NGS) 72 80365, 4, NGS EINOBF S GHICHER L, HAAS
) BINDSARIEMRHCED £ T, ZLOHENR L5 ST 5 ¥, NGS Hiff RNA-
seq FEAT ORAEHAMIZEUZOIEY . 2 XA b, V=&, v—F o — 2K or 3,
R, 1 MY Y 0 7% BEOIDIR U BB OBIRN EEIZ > T #9022
T, AWFZE TR B A& MRS R BURTICARL D | 22, RRHEEED S < 'O
B TV BIRITAATREZR RNA v —/4 > A (RNA-seq) fi#hTCd>5H CEL-Seq2 1L% 3R L
72 258D = O EORHSIE mRNA O PolyA FEIBTED A% Fide = & Th7pn U — RET
L0 2L OB TFRBUERETIGT 5 Z LN TE, ERBOMENATEETE OF T
% LU 5 Z LT E B,

pS3 WT, p53 KO, p53 R175H F 7213 p53 R248Q Lo RNA-seq T Cik, 7 m—A4k
BT AT AGRET DO, N2 DOMNL LTz7 m—2 & p53 WT (T2
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TIL HCT116 Bltkz Mz, @ ho—/L (FTD ARAEEEE) & FID QUERREN LY 7Y v
TEAToT, o, VU NRIOFERERERRE UFGFFRTFEN RS D Ko IT, &
NWEN6 DOV r— NTH 7Y 7 aFEum L, BRI, ZaEiiomifa,
6-well plate {Z 100000 cells/well "CHEEZHEFE L 24 IRFfEIEEEE L7c1%. 3 uM FTD & 72 | 34t

OK) T4 IFMLEE L7z, ZD X HIZLTERF 108 EDY 7L ZEIL L, total RNA %
L7z (K 17, % 4), RNA-seq 71 77 UL, CEL-seq2 5% FAV\T=BEHD J51k NI
SEHOHR LT,

CEL-seq2 7 7 V%, IlluminaHiSeq1500system (Illumina) % fFWC, U— K 1(X15
YA, V=R 21345 VA IV TU—T L AEATN D AT R — R D77
v b7 A= LTAEK LT, FTICUETH DT LT FASTQ B —r v AT =2 7 7
ANEF L TNEAL T v I AT T4 ~—LOFRNE, & 4 Correspondence between
FASTQ data files and samples and index primer |27~ L7z, Z415 0 FASTQ JE o —47 AT
— X7 7 AINVEBL AT —4 L, DDBJSequence Read Archive (DRA) (27 AR > h L7z

(77 v a %S DRA01I4321),

FASTQ FEX D> —74 A%, FastQC (v0.11.9) % HAWCESIDOSVE Ml Z Lz, Vo7
VD Total read U2 &0 Yo T AD AT Y X 2fGE LIzl A, fifizitEn 2 BT
DIHE THD Z L 2R LTz (X 18), 7 X 7% —dD VU X 721X, Trim Galore! (v0.6.0)
ZfEH L7=, HISAT2 (version2.1.0) %\ T, Ensembl (release 84) Ot FU 77 L2 A
7 I CTd D GRCh38/Mhg38 (2~ B 7 LTz, 2 [BIIZ471F T NGS #HIiE L7z runl & run2 @
D batch effect frE (¥ 19) BEI — Rh v MFr—2 D BIBEERE 2T
%7291 DEseq2 % FV /= 379, DEseq2 THEHT L7-38817 1 7 7 A JLiX, wald FE CHsg
L. pfEiZ FDRIZ X o CTHIIE L7z, #&W\SfEE LT FDR 73 0.05 A&jifi €, log fold change

(logFC) DHEXHEAS 0 LV iV Bfs %, differentially expressed gene (DEG) & A7 L,
FTO¥EAE 77 74k L= (K 20), Expression gene count 372455 DEG D%, p53 I A&
VA E D L COEE (R248Qvs. R175H) 13072 <, —HTp53 I Akt AZHHM
il vs.pS3 KO (R248Qvs.KO,R175H vs. KO) TiFZ\, ZOFERED | p53 I AR
FLHIE & pS3 KO Tl 137 a7 7 A )W 5 Z L 2" LT, FTID ZWL7-
MR 10> R248Q vs. R175H, R248Q vs. p53 KO 5 L TR R175H vs. p53 KO (FTD_R248Q vs.
FTD p53 175H, FTD R248Qvs. FTD p53 KO,FTD R175Hvs.FTD p53KO) (/0 7e<, —J
C FTD %Wl U7l 0> ps3 I Ak v AZE MR vs. p53 WT 35 L 08 p33 KO vs. p33
WT (FTD KOvs. FTD WT,FTD R248Qvs.FTD WT,FTD R175Hvs.FTD WT) TiZZ\y,
ZOFER LY FID AR L7 p53 I At o AZEFMINIS L0 ps3 KO & p53 WT DT
(I, FID (L > TUSET DRI T 0 7 7 A /MIS2 % Z L2/ LTl Y | M
HAASE O MIMREZ Ll L CWVVD BN RE WS B2 BTz, ZOfh, p53 I At AZEHR
HE vs. pS3 WT, FTD ZLERHINE vs. FTD AKLERAMAN ClI bl g,

RIZ GO enrichment fEHT Tl £ p53 AT — & AORBIEDLLERZ &V [FIE & 4172 DEG
22T, p-value < 0.01, g-value < 0.05 DFEATHTL7 2y FL P (K 21), ¥ 21
Comparison of GO enrichment of gene clusters (270 & AL72 Rl 7 ~ /L OPL K1, 22
Excerpt of GO category (27K L7z, p53 X At AZFHIE Lo Tix, vy MIhE
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RFHI72 pS3 RIS T2 L CBIRRE T v 7 7 A VDT 5 Z & T, p53 T A
o AL FHNED LOF 28 Uiz, ZORER, p53 I At o AZEFGHfa L oOHfasEsH
C, CDKNIA (p21), MDM2, BTG2, BBC3 (PUMA), BAX 33X USFN (14-3-3sigma) 13,
p21 3LV MDM2 DFEBLL~/UF pS3WT Al & LTl L Cuve (X 23), 1T, @
W ORMPEHESED p53 2 A L AZEFEHINEAS pS3 WT il & LE~THREL L~V L T
Lifn -2t 5 & GPT2, ATF4, ASNSP4, PSATI, SLC7AI 3 X ONSLC342 72 &, p53
IABABETT I B ZIL LD LT 50 ARENC D 2 s FRBLHM L T
71—: 57,58) ( 23)0

PLEDOFER XV . CEL-Seq? 7512 & % RNA-seq fiftTiC & V. GOF p53 DREREEIFIC L 5
BACDOEMG 22 D Z LN TE, p53WT, KO, R175H 7213 R248Q #fufin 7 7 2D
A REfEHRBIOERZ WG 5 Z L3 AlfECh o 72, — T, FID AW L H#fx
THREL L~V TOMPASEDENE T 5 BAYT, FTD SR % L7253, FTD AW
ISR OB Z PR TE 2WT — 2 Th D Z LDV SV, pS3 FHIRIE - O3B
BAT 5 2 LT, p53 I A AZERMO LOF 2GR T& 72, &HIT, p53 S Ak
> RIS GRS AR BN L QW R A 9% 2 L 23 CT& | GOF (2R L
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17 Schematic diagram of RNA-seq running sample

For RNA-seq analysis of p53 WT, KO, R175H or R248Q cells, p53 WT was added to two
independent clones plus HCT116 parental line and divided into control (FTD untreated) and FTD
treated groups. Each was performed in six replicates. After 48 hours of treatment, a total of 108 samples
were collected for total RNA extraction. RNA-seq library was prepared with CEL-seq2 technique as
described previously. FTD indicates trifluridine; WT, p53 wild type cells; KO, p53 knockout cells;
R175H, p53 R175H cells; and R248Q, p53 R248Q) cells.
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3 4 Correspondence between FASTQ data files and samples and index primer

Runl
Mixture Sample Sample |CEL-seq2 index primer |RNA PCR primer,
ID. name No. (96 primers) index
Data file: HCT116p53mix1-3_S1 R1 001.fastq, HCT116p53mix1-3 S1 R2 001.fastq
mix1 pS3WTparent-1 103|CEL-Seq2_6s RNA PCR Primer,
p53WTparent-2 104|CEL-Seq2_13s Index 11 (RPI11)
p53R175Hclone36-1 73|CEL-Seq2 _15s
p53R175Hclone36-2 74|CEL-Seq2_21s
FTD-p53KOclone5-1 7|CEL-Seq2_49s
FTD-p53KOclone5-2 8|CEL-Seq2 52s
mix2 p53WTparent-3 105|CEL-Seq2_23s
p53WTparent-4 106|CEL-Seq2 27s
p5S3R175Hclone36-3 75|CEL-Seq2 31s
p53R175Hclone36-4 76|CEL-Seq2 36s
FTD-p53KOclone5-3 9|CEL-Seq2 59s
FTD-p53KOclone5-4 10|CEL-Seq2 64s
mix3 p53WTparent-5 107|CEL-Seq2_33s
pS3WTparent-6 108|CEL-Seq2 55s
p53R175Hclone36-5 77|CEL-Seq2_42s
p53R175Hclone36-6 78|CEL-Seq2_45s
FTD-p53KOclone5-5 11{CEL-Seq2 78s
FTD-p53KOclone5-6 12|CEL-Seq2 90s

Data file: HCT116pS3mix10-12_S2 R1 _001.fastq, HCT116pS3mix10-12_S2 R2 001.fastq

mix10

mix11

mix12

p53KOclone5-1
p53KOclone5-2
FTD-p53WTparent-1
FTD-p53WTparent-2
FTD-p53R175Hclone36-1
FTD-p53R175Hclone36-2
p53KOclone5-3
p53KOclone5-4
FTD-p53WTparent-3
FTD-p53WTparent-4
FTD-p53R175Hclone36-3
FTD-p53R175Hclone36-4
p53KOclone5-5
p53KOclone5-6
FTD-p53WTparent-5
FTD-p53WTparent-6
FTD-p53R175Hclone36-5
FTD-p53R175Hclone36-6

61
62
49
50
19
20
63
64
51
52
21
22
65
66
53
54
23
24

CEL-Seq2 49s
CEL-Seq2 52s
CEL-Seq2 6s

CEL-Seq2 13s
CEL-Seq2 15s
CEL-Seq2 21s
CEL-Seq2_59s
CEL-Seq2_64s
CEL-Seq2_23s
CEL-Seq2 27s
CEL-Seq2 31s
CEL-Seq2 36s
CEL-Seq2 78s
CEL-Seq2 90s
CEL-Seq2 33s
CEL-Seq2 55s
CEL-Seq2_42s
CEL-Seq2 45s

RNA PCR Primer,
Index 34 (RPI34)

Data file: HCT116pS3mix13-15_S3 R1

001.fastq, HCT116pS3mix13-15_S3 R2 001.fastq

mix13

mix14

mix15

p53KOclone19-1
p53KOclone19-2
FTD-p53WTclonel-1
FTD-p53WTclonel-2
FTD-p53R248Qclone34-1
FTD-p53R248Qclone34-2
p53KOclone19-3
p53KOclonel9-4
FTD-p53WTclonel-3
FTD-pS53WTclonel-4
FTD-p53R248Qclone34-3
FTD-p53R248Qclone34-4
p53KOclone19-5
p53KOclone19-6
FTD-p53WTclonel-5
FTD-p53WTclonel-6
FTD-p53R248Qclone34-5
FTD-p53R248Qclone34-6

55
56
37
38
25
26
57
58
39
40
27
28
59
60
41
42
29
30

CEL-Seq2_6s

CEL-Seq2_13s
CEL-Seq2_65s
CEL-Seq2 68s
CEL-Seq2 49s
CEL-Seq2 52s
CEL-Seq2 23s
CEL-Seq2 27s
CEL-Seq2 69s
CEL-Seq2 82s
CEL-Seq2 59s
CEL-Seq2 64s
CEL-Seq2_33s
CEL-Seq2_55s
CEL-Seq2_86s
CEL-Seq2 94s
CEL-Seq2 78s
CEL-Seq2 90s

RNA PCR Primer,
Index 37 (RPI37)
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# 4 Correspondence between FASTQ data files and samples and index primer (Continued)
Run2
Mixture ST T No. CEL-seq2 Index primer |RNA PCR Primer,
ID. (96 Primers) Index
Data file: HCT116p53mix4-6_S1 R1 001.fastq, HCT116pS3mix4-6_S1 R2 001.fastq
mix4 pS3WTclonel-1 91|CEL-Seq2_65s RNA PCR Primer,
p53WTclonel-2 92|CEL-Seq2 68s Index 13 (RPI13)
pS3R248Qclone34-1 79|CEL-Seq2 49s
pS3R248Qclone34-2 80|CEL-Seq2_52s
FTD-p53KOclone19-1 1|CEL-Seq2 6s
FTD-p53KOclone19-2 2|CEL-Seq2 13s
mix5 p53WTclonel-3 93|CEL-Seq2_69s
p53WTclonel-4 94(CEL-Seq2_82s
pS3R248Qclone34-3 81|CEL-Seq2 59s
p53R248Qclone34-4 82[CEL-Seq2_64s
FTD-p53KOclone19-3 3|CEL-Seq2 23s
FTD-p53KOclone19-4 4[CEL-Seq2 27s
mix6 p53WTclonel-5 95|CEL-Seq2_86s
p53WTclonel-6 96{CEL-Seq2 94s
pS3R248Qclone34-5 83|CEL-Seq2_78s
p53R248Qclone34-6 84(CEL-Seq2_90s
FTD-p53KOclone19-5 5|CEL-Seq2 33s
FTD-p53KOclone19-6 6|CEL-Seq2 55s

Data file: HCT116pS3mix7-9_S2 R1 _001.fastq, HC

T116p53mix7-9_S2 R2 001.fastq

mix7

mix8

mix9

p53WTclone3-1
pS3WTclone3-2
p53R248Qclone38-1
p53R248Qclone38-2
FTD-p53R175Hclone32-1
FTD-p53R175Hclone32-2
pS3WTclone3-3
pS3WTclone3-4
p53R248Qclone38-3
p53R248Qclone38-4
FTD-p53R175Hclone32-3
FTD-p53R175Hclone32-4
pS3WTclone3-5
pS3WTclone3-6
p53R248Qclone38-5
p53R248Qclone38-6
FTD-p53R175Hclone32-5
FTD-p53R175Hclone32-6

97
98
85
86
13
14
99
100
87
88
15
16
101
102
89
90
17
18

CEL-Seq2 15s
CEL-Seq2_21s
CEL-Seq2_6s

CEL-Seq2 13s
CEL-Seq2_65s
CEL-Seq2_68s
CEL-Seq2 31s
CEL-Seq2_36s
CEL-Seq2_23s
CEL-Seq2 27s
CEL-Seq2_69s
CEL-Seq2 82s
CEL-Seq2 42s
CEL-Seq2_45s
CEL-Seq2 33s
CEL-Seq2 55s
CEL-Seq2_86s
CEL-Seq2 94s

RNA PCR Primer,
Index 18 (RPI18)

Data file: HCT116p53mix16-18 S3 R1

001.fastq, HCT116pS3mix16-18_S3 R2 001.fastq

mix16

mix17

mix18

pS3R175Hclone32-1
p53R175Hclone32-2
FTD-p53WTclone3-1
FTD-p53WTclone3-2
FTD-p53R248Qclone38-1
FTD-p53R248Qclone38-2
p53R175Hclone32-3
p53R175Hclone32-4
FTD-p53WTclone3-3
FTD-p53WTclone3-4
FTD-p53R248Qclone38-3
FTD-p53R248Qclone38-4
p53R175Hclone32-5
p53R175Hclone32-6
FTD-p53WTclone3-5
FTD-p53WTclone3-6
FTD-p53R248Qclone38-5
FTD-p53R248Qclone38-6

67
68
43
44
31
32
69
70
45
46
33
34
71
7
47
48
35
36

CEL-Seq2_65s
CEL-Seq2 68s
CEL-Seq2_15s
CEL-Seq2_21s
CEL-Seq2 6s

CEL-Seq2 13s
CEL-Seq2_69s
CEL-Seq2 82s
CEL-Seq2 31s
CEL-Seq2_36s
CEL-Seq2 23s
CEL-Seq2_27s
CEL-Seq2_86s
CEL-Seq2 94s
CEL-Seq2_42s
CEL-Seq2_45s
CEL-Seq2 33s
CEL-Seq2 55s

RNA PCR Primer,
Index 42 (RPI42)
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18 Total read count on chromosome of each samples
The total read count per sample confirmed the sample-to-sample variation to be of sufficient quality
to proceed with the analysis. Colors correspond to chromosome numbers in the legend. X-axis is read

count. Y-axis is samples.
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19 Comparison of Runl and Run2 by principal components analysis
The batch effects between runl and run2 were removed by DEseq?2.
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Diffierentially expressed genes count
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20 Total number of differentially expressed genes

p <0.05 and log foldchange greater than or less than O were counted as genes with differentially
expressed genes. FTD indicates trifluridine; WT, p53 wild type cells; KO, p53 knockout cells; R175H,
p53 R175H cells; and R248Q), p53 R248Q cells.
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21 Comparison of GO enrichment of gene clusters

Dots represent term enrichment with color coding: red indicates high enrichment, blue indicates low

enrichment. The sizes of the dots represent the percentage of each row (GO category). Up is a gene

with higher expression in the anterior category compared to the posterior category; Down is a gene

with lower expression in the anterior category compared to the posterior category. FTD indicates
trifluridine; WT, p53 wild type cells; KO, p53 knockout cells; R175H, p53 R175H cells; R248Q, p53

R248Q) cells; and GO, gene ontology.
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22  Excerpt of GO category
Enlarged view of the horizontal axis labels of Comparison of GO enrichment of gene clusters. The
figure is tilted 90 degrees to the left. The order from right to left corresponds to the order from top to
bottom. GO indicates gene ontology.
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CDKNIA (p21) GPT2
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23 Gene expression analysis of loss-of-function and gain-of-function related genes

Loss of function of p53 missense mutant cells were confirmed by extracting representative p53
target genes (CDKNIA; p21, MDM?2, BTG2, BBC3; PUMA, BAX, SFN; 14-3-3 sigma) and comparing
their genetic expression profiles. Genes with increased expression levels in p53 missense mutant cells
compared to p53 WT cells were extracted (GPT2, ATF4, ASNSP4, PSAT1, SLC7A41, SLC342). N.D.
indicates non-differentially expressed gene by cut-off of FDR < 0.05; WT, p53 wild type cells; KO,
p53 knockout cells; R175H, p53 R175H cells; and R248Q), p53 R248Q cells.
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24 Schematic diagram of RNA-seq analysis sample

For RNA-seq analysis of p53 WT, KO, R175H or R248Q cells, six replicates were performed for
each two independent clones. The cells were cultured to mid-log phase and collected for extracting
total RNA. RNA-seq library was prepared with CEL-seq2 technique as described previously. WT
indicates p53 wild type cells; KO, p53 knockout cells; R175H, p53 R175H cells; and R248Q, p53
R248Q cells.
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25 Gene expression level overview using box plot and violin view

The overall picture of gene expression was visualized by box plot and violin view. As a result, the

normalized distribution was confirmed. WT indicates p53 wild type cells; KO, p53 knockout cells;

R175H, p53 R175H cells; R248Q, p53 R248Q cells; and missense, pS3 missense mutant cells.
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26 Methods of gene extraction

p53 KO cells vs. p53 WT cells, p53 missense mutant cells vs. p53 WT cells, and p53 KO vs. p53
missense mutant cells with FDR < 0.005 and absolute log FC > 1 was extracted and considered DEG,
207,401, and 114 genes were extracted. FC indicates fold change; WT, p53 wild type cells; KO, p53

knockout cells; and missense, p5S3 missense mutant cells.
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27 Venn diagram

The number of genes extracted from p53 missense mutant cells vs. p53 WT, P53 KO vs. p53 WT,
and p53 KO vs. p53 missense mutant cells with FDR < 0.005 and absolute log FC >1 was considered
as DEGs. 401, 207, and 114 genes were extracted, respectively. Venn diagrams were created to
visualize the inclusion relationships of these extracted DEGs. FC indicates fold change; WT, p53 wild

type cells; KO, p53 knockout cells; and missense, p53 missense mutant cells.
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28 Two-way hierarchical clustering of gene expression data

Two-way hierarchical clustering analysis used to order samples from 48 cell lines (columns) and
572 differentially expressed genes (rows). WT indicates p53 wild type cells; KO, p53 knockout cells;
R175H, p53 R175H cells; and R248Q), p53 R248Q) cells.
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[X] 29 Principal components analysis of gene expression data

PCA used to generate a two-dimensional data plot from 572 genes. The cumulative proportion
of the variance captured by each principal component axis was: X) principal component axis
36.16% and Y) principal component axis 14.42%. WT indicates p53 wild type cells; KO, p53
knockout cells; R175H, pS3 R175H cells; and R248Q), p53 R248Q cells.
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X] 30 Growth curve of p53 missense mutation cells treated with trifluridine

Cell growth was measured by CellTiter-Glo® 2.0 Cell Viability Assay on the indicated days.
Data are means (n=3). FTD indicates trifluridine; WT, p53 wild type cells; KO, p53 knockout
cells; R175H, p53 R175H cells; and R248Q), p53 R248Q cells.
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31 Western blotting analysis of apoptosis marker in p53 missense mutant cells
Western blot analysis of RIPA extracts; HCT116 pS3 WT, KO, R175H and R248Q cells were
cultured in the presence of 3 uM trifluridine (FTD) for the indicated days and harvested. WT indicates
p53 wild type cells; KO, p53 knockout cells; R175H, p53 R175H cells; and R248Q, p53 R248Q) cells.
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[X] 32 Western blotting analysis of apoptosis marker in p53 missense mutant cell lines
Western blot analysis of RIPA extracts; LS174T (p53 wild type cells), LS1034 (p53 G245S missense
mutant cells), COLO 320DM (p53 R248W missense mutant cells) and WiDr (p53 R273H missense
mutant cells) cells were cultured in the presence of 3 uM trifluridine (FTD) for the indicated days and
harvested. FTD indicates trifluridine; WT, p53 wild type cells.
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Fucci #ilE W2 T A TR/ A A—D0 7Z X B EHRAT

ZAIVETOWFFET, FTD MU L7-FF, p53 WT HIAE it G2 #1225 M #1483 G1 #
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DFZ% JRth (mKusabira Orange2-hCdtl (30/120)) . S/G2/M HDEZEZ#kth (mAsami Greenl-
hGeminin (1/110)) {24477 T X % Fluorescent Ubiquitination-based Cell-Cycle Indicator (Fucci)
HRE 69 (4] 33) WD Z & THEB S, pS3 I Az AR FE AHIIIZ IS 5 FTD
(2T DA A B9 572012, pS3WT #lfd, p53 KO Mz p53 R175H s
J UV p53 R248Q HAED Fucci Ml ZBNL L, #HT A T/AA A—T 712 L) Z O
JEHEATIZOWTCHIZE Lz, ZETOHREED . p53 WT Allg TILIEETOMMES M
AR v T HE Z LT e—J57C, p53KO MlfiE TlE, 1ZEFETOMILT 2 g ~DIEH 72
SHBENEE Z 5, YRS EREIC L D b O EE X Bz, p53 RI75H filfads KO ps3
R248Q #lifel Tl 80% LA LA T M WI~H#AT L7 (kDM TR E B3 D) £,
2 MR~ OIER 72BN 2 53, 2O F FIRm~FHEEE U (B2 N2 | REIE
bT 28BS L7- (1K 34), pS3KO Ml & [FARIZ AR 72 - 7o Ml Gk sy Bk
LCTHY GeaimaBliti i 2 72 &5 2 bl 72, p53 R175H MifeFs & UNp53 R248Q
AR CIE, M NTE TR, BRI 2 MfRiZs3 2Mfd  (M-phase entry & normal mitosis)
&M HIR Ry T Ak Z IR TN EIE Y% T OFE L, p53 KO MR H~Zy Mi]m T
o7,

PLEDOFER X 0 p53 I At A28 FRE AR Tl K55y Ol © FTD W2 LV p53
KO M CRIZE S D X O YRRl 2 2 3 2 L VR Sz, —EBofifa T,
IEF 70240 M #IA S o TMBIER ST, T ORIIRN I A2 A ZEH p53 JEH
IZfE S NIRRT D 2N DWW TS TIEIARH TH 5,

Glphase =~ Sphase G2 phase G1 phase

ATAHA O @ AR

mKusabira Orange2-hCdt1(30/120): G1 phase marker
-hGeminin (1/110): S-G2-M phase marker

[X] 33  Fluorescent Ubiquitination-based Cell-Cycle Indicator

Nuclei of cells in G1 phase are depicted in red, nuclei of cells in S/G2/M phase are depicted in green,
nuclei of cells in G1/S transition phase are depicted in yellow, and nuclei of cells in GO/post mitotic
phase are depicted in strong red (red high)® ). G1 phase indicates gap 1 phase; S phase, synthesis
phase; G2 phase, gap 2 phase; and M phase, mitotic phase.
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34  Quantification of aberrant mitosis in p53 missense mutant Fucci cells

A, Images show representative live imaging of Fucci cells. Cell cycle behavior by 3 pM trifluridine

(FTD) treatment were divided into three main categories: M-phase entry and normal mitosis, mitosis
skip, and M-phase entry and aberrant mitosis. The images were obtained with a DS-Qi2 camera
(Nikon). Scale bar: 5 um. B, HCT116 p53 WT, KO, R175H and R248Q cells were cultured in the
presence of 3 uM FTD. To quantify, M-phase entry and normal mitosis, mitosis skip, and M-phase
entry and aberrant mitosis were counted by observing one cell at a time. Data are means + s.d. from
three independent experiments (>100 cells per experiment). WT indicates p53 wild type cells; KO, p53
knockout cells; R175H, p53 R175H cells; and R248Q), p53 R248Q cells.
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35  Aberrant chromosomal structures of p53 missense mutant cells

A, Cells were fixed and co-stained with the indicated antibodies. Cyclin B1 staining was used to
observe anaphase as distinct from prometaphase. Immunofluorescence images show representative
normal prometaphase, normal anaphase and abnormal anaphase. The images were obtained with a
Nikon A1R confocal imaging system. Scale bar, 5 um. B, HCT116 p53 WT, KO, R175H and R248Q
cells were cultured in the presence of vehicle or 3 uM trifluridine (FTD) for 60 hours. To quantify,
abnormal anaphase was counted. Data are means + s.d. from three independent experiments (>250
cells per experiment). WT indicates p53 wild type cells; KO, p53 knockout cells; R175H, p53 R175H
cells; R248Q, p53 R248Q cells; DAPI, 4’°,6-Diamidino-2-phenylindole dihydrochloride; and ACA,

anti-centromere antibody.
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36 FTD treatment induced DNA breaks in mitosis

Cells were fixed and co-stained with the indicated antibodies. Cyclin B1 staining was used to
observe anaphase as distinct from prometaphase. Immunofluorescence images show representative
normal prometaphase/ normal metaphase/ normal anaphase, and abnormal prometaphase/ abnormal
metaphase/ abnormal anaphase treated with 3 pM trifluridine (FTD) in p53 mutant cells. The images
were obtained with a Nikon A1R confocal imaging system. Scale bar, 5 um. Data are means + s.d.
from three independent experiments (>150 cells per experiment). Prometa indicates prometaphase;

meta, metaphase; Ana, anaphase; and ACA, anti-centromere antibody.
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[X] 37 Live imaging of pS3 mutant histone H2B-GFP expressing cells

A, Selected frames from live-cell imaging of representative normal mitosis and aberrant mitosis
treated with 3 uM trifluridine (FTD) in p53 mutant cells expressing histone H2B-GFP. Time (minutes)
after NEBD is shown on the images. Ana, onset of anaphase. The images were obtained with a DS-
Qi2 camera (Nikon). Scale bar: 5 pm. B, To quantify, normal mitosis and mononuclei, aberrant mitosis
and mononuclei, and aberrant mitosis and clustered micronuclei were counted by observing one cell
at a time. Data are means + s.d. from three independent experiments (> 100 cells per experiment). WT
indicates p53 wild type cells; KO, p53 knockout cells; R175H, p53 R175H cells; R248Q), p53 R248Q

cells; GFP, green fluorescent protein; NEBD, nuclear envelope breakdown; and Ana, anaphase.
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AR5y 2% D ZAZTE RSET

Histone H2B-GFP O E3 B E A= T A 7/ A A=V 712X 0, FID ALERL
72 p53 I At AL FIE ML C MBI TIRICS A L R D RBU AR C& 7o, 2 2T,
M HI#& TH OO TERER T Z 38229 572912, FTD T 4 HFMLEE L 7= p53 WT #l
Jii, pS3KO i, p53 R175H M O8N p53 R248Q iz VT, AretiEdefalz L v k%
e —h— & LTI T H 2 X TF 2T ORI S) Td 5 Lamin A/C %, il
B~——& UTHlEHR 2 TERCT D30 VE ORI Td % a-tubulin Z2, DAPI TE: %
Yutn LC, —EAOLREYE T | MIlEOR OB EBIEL LT,

FTD R CIIWTNOMIETYH ., ZDI1FE A EONE—% (Mononuclei) & LT
By (K 38), FID AT LV p53 WT M CIEEL—EBIZR S =23, pS3KO
i, p53 R175H Hifads KUY ps3 R248Q M Tik 60~80% DAL CHE L L=k (%44,
Clustered micronuclei) WEIZZIN7-, F7z. ZIHO 3 FEOMIE TIEZ 10%RE T, K7
BAZDE O IME (Micronuclel) 23R 3415 K 9 Zefifa b Bl ST,

PLEDOFERD NG, p53 I Ak o AZEFLE AEAS FTD I & & SAVZ I, BEERREELIED
M I TIZIBW T, GRS RD 2 A 7 A (REE OIS, ifsi~Ds3EfE) (25
WHELDZET M HOMETICRWEIADNY | Bkl /RO ik~
TRRAREIETH Y | MIVE SR EZ5E T CERWE QAR ORBEREE Z > TLEL,
BO5EAL, ZEPRAET H 2 ENBH LR T,
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A Merge (Lamin A/C, a-tubulin, DAPI)
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[X] 38 Representative immunofluorescence images of lamin A/C, a-tubulin and DAPI

showing clustered micronuclei in p53 mutant cells

A, HCT116 p53 WT, KO, R175H and R248Q cells were cultured in the presence of 3 uM
trifluridine (FTD) for 4 days. These cells were fixed and co-stained with the indicated antibodies.
Immunofluorescence images show representative mononuclei in p53 WT and clustered micronuclei
in p53 mutant cells. The images were obtained with an all-in-one fluorescence microscope (BZ-X800,
KEYENCE). Scale bar, 5 um. B, To quantify, mononuclei, micronuclei, and clustered micronuclei was
counted. Data are means + s.d. from three independent experiments (= 300 cells per experiment). WT

indicates p53 wild type cells; KO, p53 knockout cells; R175H, p53 R175H cells; and R248Q, p53
R248Q cells.
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E5

% 2 EOBBTHET 1T 7 A MEHT OFRERD G, p53 I A AR pS3 WT
A & % p53 KO #ifa & & B HMEE 2 Frofiil T 5 Z L VRS i, FID (3 2l
JEROR MENTE D B D RIREMENE 2 vz, UL, FTD TR L7 pS3 R175H i
6 LUV p53R248Q M T, p53 KO il & [FIFREEIZ Cleaved PARP 35 X U Cleaved Caspase3
DR SH, 7T b= R K AN E D RS S T,

S A AL p53 1T K DHTZAEREIE. FTD (63 D AIRsE 2445 X o 7efi & i1
Fif-7a PR EILD, FTD 23 effector Th D 1 L —7 1%, BEHE(LFRRIEICAIR & 7o
o R B E 2 x5 & L ERE Sk R AL —EE M I R

(RECOURSE #%) (23T, 7784 & il U TR 2 G BICIER Lz, K
TIXESEE T ps3 I AU ALEBHERINDHM, Bz 2ANER A R CRABSPIMER T O
P - BRBIE AR L QWA S . ZD% <08 ps3 S A AEREFS LEES N
%, FID ZED2=—7 RERAA N =X LZE Y, 2O X5 B OEOIER I3 LT
HPUEESI R AR L TV D Z LR s N5,

Fucci iz W= Z A 7/ A A= 0 TRHTIZE D . FID JBR L 7= p53 S A A
ZHEA T, S/IG2 126 M BI~OBATIZR LD DD, £ < DRl T M HIDKFHH 2
JER L. BN 2 DOMBI~DHRHAETET LIRWEE, MBIZBH L TLE S Z L 038
HMI72 o772, Histone H2B-GFP BIHIRD 7 A 7 A A — 0 ZHINTIZ X 0 Z DEFOY,
ROE X 282245 &, FID A L= p53 I At o AZEFEMITIT M 1% 545
SRR~ AHIR G RO BED L T, Be A IBaER DU 2 1 © SRR 72 Yt oyl
WS S, ZDH%O M BRI OO T b, ZIERZEZ LT\, Zbo
FERDNS, p53 I A AL BN Tl FTD % DNA (ZHY iAZ, DNA 2 kL 2|2
[KI9~% DNA {57555 - TIRRB DMK YL /0 RS MNTHEIT 35 Z LI K 0 . M I T
PFEAE L, M I 31 2 IEF e e R BT DD Z EIC KV ZRMET H 525
b,

ZORK E72% DNA HBELIZED L SR b DTHA D)y, FxlTENAEGIZ LD
TR 72T C L FTD AL 4 U 72 p53 Z8 BRI 2350 T . DNARISHEE 2 RS 53 5 53BP1,
DNA —HHUIMr~— 7 —TCTdh 5 yH2AX, B LA DNA &% /37 B Th 5 RPA32
DEENT =B AR IND Z L& RH L TC\5 (datanotshown), FTD DIERIZ LD
DNA —EHUIEr-C—AH DNA #&H72 £ DNA JENHFE SN, ZHUTHT 5 DNA &
BRFINEHEL TWD Z ENTRIND, 72, ZAVE TOHE T, HCT116 (pS3WT)
ARz FHWZATClE, FIDAWBIZ LT, a2y M7 v eAfIZlo TSNS L9572
DNA SHEIr (—A$H, AL &) MR SIVRHMIRSE DAL TR Y, pS3WT il
& p53 KO Al KOV ps3 I At AR TIE, FTD IZ& - T4 U % DNA HiEICE
WRBH DL AREMIEH DA, T A T v A TR DNA (ZHZ < OIRENTHE S
NN EZEN TR VTE TH D Z LD, TlRRET CHERS L= XK 5 72 DNA 5
MARXy N7 A TIEENREERNE S 7 DNA BIETH LAl 55, FID OFF
FZ &5 DNABERLA b L ADFERA U2 L5 2 Hiud DNA EHEIE-C—AEH DNA #%
HIEE S eV EREERE TR SNIDIRET G2 H1E S1TiE M BB T L, Yetalk
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DB FE DOIRK L 725 TNDH DD H LAV, MR VERIZ N L RIZE STz,
common fragile sites (CFSs) & PRIV DS/ A OB -5 BV VI HERERSE T3k H
B, ZD% M BOYE EDOX v v 7O AL S 72 0 | 5885 Ultrafine bridge
Z TR LTRGBS AR DRGSR A~D B A 15 720 LT, Ytk R etk 2 gl & 23
ZEMFBILTND, FTD OYERIZ L V38435 DNA 115 & ZiuliiEK 32 Yeta /il
FHIZIBWT, 20 CFSs fHIBA T LIZ YR RZEMFHTEA 1 = A LA > TN H D
23, BUIRORF -5 & 2 A TH D, MBIV THEELRSE T 72 CFSs fHI Tt = 5 DNA #
#id Mitotic DNA synthesis (MiDAS) 23 FTD {EHRF M Bl YLfafk Tl Z > T2 DT
OWTOREEN 12OV O L7 b &2 BN %),

Histone H2B-GFP FEHIfRZ FHUNZT A 7 A A — 0 THATCEIEZ 35 2 & 23A]
HE72 Lamin A/C |2 K D HEEYAIZ L5 C, pS3KO A, ps3 I A& o AR HMfaIZ IS
WT, FID OFENC X DG EARDECER IR, RE S| JERE, Btkx 2kt L 72 Dk
FOHER STz, SR AEZ LT, 0% T R h— AT X HAIRENFHE S 1
C Cleaved PARP 5 J.U* Cleaved Caspase3 23 &7z, Tld, FID (2 & 0 284k L 7-Hika
XA EHIREICE S DTHA H Dy, ZHE TOMTET, BINEZ A T2 7 ZAER (37
V&XEL )T Y ) 280 M BIRTHREICE I U7l SRR T = > 7 A b
(K7~ Aurora B ORHFERIZ AT 5 Z LIZ LD MBS E Z W 2L 0D Z L 2R S0
TWE Y, Zor &, S LT-HIIEZ O E % DNA HRABE L, FTD TRONZ X
DIRT R M=V AR A LTZHIBBEI TS SN2 h o729, OF 0 | ZEZDO L DI
FIRIED S| & 42121372 59, FTD OVERIC & o TA U A7 S HIRSED 5 [ & 4 & 7> Ty
5HETREIND, ZOBFEOTZDIZ FTD IZ X 0 355 45 YR Bl i i HAlfustic 2
DIFROFEMISAT I LETTH D, 1 DD LT, FTID OfEHIC L % DNA A
L A% R LT 5 DNA HIESHIBEDS | &Il >TnH B X TEY, BifE, &7
T AT? DNA BEDFHARILZIUTHE D DNA EHERT-OIFHELIRIUZ DUV CREIC
FRT 2D TG, S DICUTEE, Wi Vg FICERD 7 S YR ke 2 10 M1,
Lamin B 7¢ £ ™ non-core FZEK 1D JRFEIZ R FE DFED B D Z E s Sz ™, BiEO
FEAMEZRRET D Z & T, Lamin B OJRERT 2 /RSB OMELR T 2 8NS5 2 &0
AR L 7R o7z, BIBTEAELEIZ LD DNAEERT2RET 5 2 LA TETIZ, DNA i
A LA ET D DNA HBEOEEOR72 5T, BIEBEO N2 E Z > TV 5 FTRE
HERE 2 Hhb,

NSO AR T T, FTD OFEMIC X 5 DNA A h LA Y@ iosil i, 564
3% DNA 5L 7R b= AR AT LT HIRSERRE & OBSEMESE D7 1 & 2 DFE
IR AT = AL LN/ EHIRF S LD,
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4= A7 xraA K 3D LT RAETIUZEBITH NI 7
) DOHIIEERN R

RV TZNY DU DAT A REEFEHIHIZIE

Z 2k TOMNTT, FID DNEEET ¢ w3 = b CHIGE$ 2 FEAIEI 26 L CHATIAmHIZh <2
RN R A TS D A D =X B E LN L TETL, ERIC e MORAT 2 EEIEE X
VRS EZ L TNWD I e, A7 xuA N 3D 7 /MIT A v 2 BTO 2D 7 /1E
R UL BRIROIRRBICIE S . S E S ERFHUA L TV D Z &S5, B
(V&L 3 RoTHY Rl AR . RfaAm, BadR - S - EBEW - FHe L ABRER)
20, 2D BTV K O EHEREUEREE N E U D, FERRIC, AT v A R 3D ET /U
FEET /LN APIET /L & U CGHIEN TR Y . < OFBAANIK LitEZ 792
ERESNTRD T,

FI A7 A R3DiHMliET /L 2EEEd 572612, Ultra-Low Attachment surface 96-well
round-bottom plate Z FV T, p53 WT, p53 KO BEL U ps53 I At AL BE AL A 7
=B A NERBEZTHE L7z, ZR 2 oMiaz 300 AR L 24 R R L& 2 A,
p53 AT —HAZE BT, TRTOMIUIIBNTAT = v A RERDHEE S, T
DATZ zuA RERRRICKRE 2B WTR O -7, RIS, FERRSNIZA 7 za A R
YUMFTD ZZTeE5 T3 H, 6 H, 9 HIEEE L. ZOHGEICOWTEHAIL7ZE 2 A, W
FHOMPIH KD Z 7 = v A Rzt LTH FID OB ok e Sz (M
39), 72721, p5S3 WT #flads LU pS3 KO MRk A 7 = m A RIZ% % FTD OHiEH
HIHAAZ B, pS3 R175H s 1O p53 R248Q M KD 2 7 =1 RIZHHd % FID @
HEFEIIHID IS MER) T o 72, FTD MEFAER] p53 2589 2Hila T I A A%
F AR50 p53 ZRHLT DM T OISR A TE 52— T, £ORRITIT ps3 2
At L ABEFNZ L DENRH DD LIV,
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[X| 39 Growth curve of HCT116 p53 WT, p53 KO, p53 R175H and p53 R248Q spheroid cells
Cell growth was measured by CellTiter-Glo® 3D Cell Viability Assay on the indicated days. Data

are means = s.d. from three independent experiments. Statistical analysis was done Student #-test. **:
p <0.01. Representative images were taken on the last evaluation day. The images were obtained with
a DS-Fi2 camera (Nikon). Scale bar, 100 um. FTD indicates trifluridine; WT, p53 wild type cells; KO,
p53 knockout cells; R175H, p53 R175H cells; and R248Q), p53 R248Q cells.
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Y UARTBAEET MIBITS Y 7Y DU OFEENR

A7 xzrA K 3D BT NVOFERNG, p53 2 AU ABR A ORMINTH-TH 3k
TG Z R 6 TS FID OFUEERIR IR Sz, FID & FID O5fRzR5<
TPI (modulator) ZFlf L7z FTD/TPL (= —7) ORAKEIZL D, b MEpRfEswE
ETNTHDHY T AL FBHEET LV TCOFIREZIFIE, 7 UV ZX'oA U )T 07
& D OABRAFEE MR & P U TS, BEAR G- T 1% © ISl R & < ik
e DR B D 3, F T, BN LT p33 I Ak RAZEFE AN D~ 7 A R
ET V& T, FID/TPL (2T 2 HUEENR OF Ml AT > Z & & L7z, p53 WT i,
p53 KO M, 35 X T p53 R175H Al 2 X 106 i, p53 R248Q FMAEIL 5 X 10840, X —
R TR PICBELIZE ZA, WTNOMRTHAEE L, BiEd 52 L 2R C& 7,

ZNHOY T AET U FID/TPL Z#E #5325 & p53 WT #ifiis L O ps3 KO #ilif
HSRDEE: & [FIFEIZ pS3 R175H Hifids L OY p53 R248Q A kOISO E 2 A &I
W42 Z &b bz (X 40), FTD/TPI A3 p53 AT — & AZRER 7 < BilEsshH
BRAET D Z EDEWITE T UIZEBEW T HAED D BT,
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Xl 40 Growth curve of HCT116 p53 WT, p53 KO, p53 R175H and p53 R248Q xenografts

Data are means = s.e. of 6 individual mice. Statistical analysis was done at day 15. Aspin-Welch’s 7-
test. *: p <0.05, **: p <0.01. FTD indicates trifluridine; TPI, thymidine phosphorylase inhibitor; WT,
p53 wild type cells; KO, p53 knockout cells; R175H, p53 R175H cells; and R248Q), p53 R248Q) cells.
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A7 xzrA R 3D E7/A MEFRFESEETT /UL, FIRAAIOR OISR E LY
BERES COMRIRIEV I TRl 272018 L= b D Th 5D, H BRI L., Esilag
THEBREMED TE I pS3 I A AZEEMNEE VT, A7z a1 R 3D T /L a4
LC. FTD (2 X 2R 258 L7=, FTD (% p53 WT #ilid, p53 KO HifiEds LU ps3
AR U ABEAE, WTNOAT za A RS L CHOA RIS Z R Uiz, &
7oy ~ U AR FIEERAETE T LV AREEE L, FTD/TPI (2 X 2 IEEOHSHMHIh IOV T
Pl L7z & 2 A, [RIUL pS3WT i, psS3 KO Afuds KOV ps3 I At A8 HAAE, W
AOREFx L CH A BEICHIEIHER A R LT, 2D OfERIE, FEBEOEE TR LN
% & 570 3 otHIZe AR AR, HamRtE, BesR - R - EBEY - HAIe AR
N DI IR T S, FTD 23 p53 A7 —# RO LTl a2 3T 25 Z L 20R
THLOTHD, ZOFEFIL, FID/TPI 28 ZivE TORKRRERIZIW T, BEZERIL72<
& HZFDOIEFENRDHER SN TEHHD 1 2722008 L 89,

T4 v a ko 2D HEREEER TIE. pS3 WT ML p53 KO Ak L ps3 2 Ak %
ZE BN & Tl FTD JUBRREOAIRLEM Y72 0 | FTD 1 K 28R =N A b
Teo TORMTATZ = A R 3D E7 /L0 MEGBH~ 7 27 /L ClRfRE OHEFEfH]
RN O Z SR, ZOFH & LT, FTD 2R &0 fifa L~L Cldkifu g
by HIRZED WD DNE Z 512 LT, 3D B /L COARIOARNT IR CIRRFLE OBFE
PR E LTHNIZ LB 2 bd, b MNEGBE~ U AE7/UZBVT, FID/TPI
A 544 T % B IEREHEEMHIN IR TR <Akt T 2880 0 2 Z L VREN TV D P,
Fro, FHREC X0 Ml LA 2 Ui, £ OBEMEE AR L TR A 2 &
LG SITND P, p53 AT —X AD K DRIk L FTD/TPI O3EAIB 5284 T
L 721 ORI O IRERTEIHIEI I ONW T E SR D MFEENNETH 5,

71



AHFFETIL, 7 ) RS CRISPR/Cas9 & 2T 1% FH T BERERE57 (gain-of-function,
GOF) p53 I A AEBMIEAZ BN T2 2 S ISEh Lz, FeV T, B LRI
7RHIBE D HEEEC, RNA-seq £ 2 i U 7= MEFERIE S T RBITIC L 0 | E5 T8 L~
JLTD ps3 DAL k&, I At AZERMRLNOENEZ I BN 5 2 LN TE T, FF
G RX[X, p53 D GOF mZHNERD ) v 7 A N3T ) KT A RIpEE 3B % 5
ZCW=Z & ThD,

Z OFH#72 GOF p53 X Ak A RMEZ, hU 74U P (FTD) 12X % DNA#
BNV AZRE 2% &, pS3 KO il & [k ARG RO /3Bl B S DI 2%
\EHESE DA RE BT DA - LHISESFHE S - (K 41), 2F 0 FTD X GOF
R pS3 HBUZ L DB T RELT 0 7 7 A VL OiENE R D 2 CHIEEIRZBETX 5
PIMARITHD Z LR ENTZ, F2. A7 xuA K 3D 7/, b MEEB~Y 2E
FILTORFTH FID (bHWNEm o —7, FTD/TPI) @ GOF Z55 p53 2 FH4 2 s
VRS D HEFEINH S RS MR S = 2 v, eV —7 (FTD/TPD) 1% p53 AROAE
2B & T PRSI CX APIBAAITH D Z L VRIBE ST,

AR DEFR L LT, (1) FID 2/ & T 250 AH e o —T D p53 225
F B AN S AHIEESNRERED A D = X ADENEHLMNI L L. Q) AH=K A
DIEWVIZHEEO LT pS3 DEROFIEC L 53 r o — T N —EOFUEREIREZHBEL 9
HZEEWALMNCLIZZE, SHIT (3) FHICL Y DNAERA ML 2& b2 558y
CRBLELE 2fl Z SEYLABRRZEME Y, O MIRFEZ 7555 2 L 23, FRCIER 7 pS3
DOFEREZHEI U7 MRl o3 D872 B AR & L TR Ch DL Z L AR Li=Z L
Thb,
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[X] 41 Schematic model of the effect of trifluridine (FTD)
The response of p53 gain-of-function mutant cells to FTD was a remarkable abnormality of

chromosome segregation with severe chromosome bridges during anaphase and subsequent apoptotic
cell death.
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