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20185%9H24H, Nature Protocols &% T HRIRREMHZSHMEMEHRABRARZIEREANNE "Genetic lineage
tracing of resident stem cells by DealT” , ¥R T {{TH FADeal TIXM I EUE R RIERRARSTHRGBIZSHEALRS
B

20185 9H24H, Nature ProtocolsREzTPRREEMHZEMEEYZHRETARBH R RIRBAD
& “Genetic lineage tracing of resident stem cells by DealT” , i###iR 7 WN{aFFHDeal TiXFp
ERRRRARBTHARGIZESHLLRBNHR,

KERRTBRAHARNEEERNARS XEMEZE MIZNERRRZ MISHABET . ARELB.
ERERMARBENIREN, ARLEEIRNFEENHEIAMUIEIMMUMELARNGIE, BTl
AREEAR, ROTTUEFOEFARNERDE, INRBANTTEN,

BRIEFNERBEGEEENRAD, R ZEANMECre-loxPHSHIBRTRIR. FIARACelIH
fEpEICre-loxPEATTLAXRIBAE/NERosa26/ L R P HIloxPU B HERL LN, EREENREERRIX
(fnGFPFItdTomato) . X EEEREBIBRARMMERZBHXER,

Cre R LMEMBMARES, AHHAMARNEFES, REMBEEERQFEENEN, A&
2: CreEAMNRBEIESRHENEANHER: NCrefllCCre, NCreRXE—FMEHF T4, CCreft
B—HEMFHEHT. XREXRHARNEHNFBUENMEHED, NCrefCCreRIAMMTERNCre, WS
f7ffCre-loxPEAINEE, WEIREERRIX, HITIERTE., BACeEABREAZTHNBH TG, Fr
PUXFERERNSRERRERENE—BHFRAZR L,

REML, ERENCre-loxPHESNBEEERERNAEBRIFSHNERZEE, 1, RIRMEC-KitHOBE
T4 (CSCs) EERBARMEN? ARTARIRETAREENETHR? Sox9 +SEAREER
FMEFFMEIEMAE? B-AEERE TRMWEAREREIBRY KBEMK? FEFE,

BBAET: A TARMNARBLESE, FSEAUNTFART YN FARBEEMSHARERN, EMNE
REH—EFHEITERA, MERRKEEREEEKRBT Cre RXNE R, WRBEMEDN Cre RRXE
TARERAM P EIAMBN R RE, BAKZFERCHERARBEEIERERMEKIR, LEUERIF
REEAMEKIR, NN RAAREREEGEMERNER, FERRRERNITEERKER,
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S0 43 SR B X MR SRR ?

BirMRERRARE, HTFCre-loxPEHRZERNMNoxXPARRINEEASAE, BPANREEBEIFIE M
o EREP—NoxPLm, AFHOLARIEIREREM D NEARN, BLEIESRERCHRETIS?

DealT (Dual-recombinase-activated lineage tracing) EZRERARERAXMERE, 1§ Dre-rox
FHRBSINBERD Cre-loxP EHRLK DR, H—IMEHERES (Dre-rox) REFF—1NRSK (Cre-
loxP) , Dre-rox N"SMNEAHARMETEESIRE Cre RMUFRENAB DK loxP LR YIBRIE, BFELECre-
loxP IR ELH, 1ENNCre-loxP NESMNERRIRERIESRM,

B EEITEFA, BT —MRERARENRSER/NERE (IR1) :  FRosa2éfigmd, BHD
loxP L RFFE rox L RUREFRFE (loxP-rox-loxP-rox) , M1 TE1apfR:

a Dre—rox

., N
> N\

Cre—loxP

IR1

> rox ’ loxP ’ frt

ERAEME DreTRARRRASFESE CreERTRERRARSIRIRE, #5%kKk%EDre-roxEH, MESEEA
REMEEFHFS/FHECreER+Dre-NMAMPEMEA, HEIFH, ERADrefAMEPEIECre-loxPEA
(E1b) .
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b
Tnni3—Dre;Kit-CreER;IR1 (Deal T)
Kit™ CSCs (stem cell, cell A) Cardiomyocyte (differentiated cell, cell B)
: ™ ™,
STOP ZsGreen Bllely , idTomato STOP ZsGreen _Ejpely . idTomato
. A
Before
tamoxifen * Tnnia-Dreg
. AN /
g ) g Y
STOP ZsGreen _Bjfeld . tdTomato

After
tamoxifen Kit-CreER

ZsGreen _BjLe/s tdTomato

N /N

Fig. 1| a, Construction of interleaved reporter 1 (IR1).b, In Tnni3-Dre;Kit-CreER;IR1 (DealT) mice,
Tnni3-Dre-rox recombination labels cardiomyocytes (cell B) with tdTomato. After tamoxifen
treatment, Kit-CreER-loxP recombination labels Kit+ CSCs (cell A) with ZsGreen, whereas
cardiomyocytes remain labeled with tdTomato+. CAG, CAG promoter, hybrid construct consisting
of the cytomegalovirus (CMV) enhancer fused to the chicken beta-actin promoter; frt, flippase
recognition target site; Neo, neomycin; pA, poly(A) tail; STOP, transcriptional stop codon; WPRE,
woodchuck hepatitis virus post-transcriptional regulatory element.

DealTHI{E =
RETEMNERRMEMRERNSGE, TIEANREMERARMEE,

B ENE R,

DealTHIER =

5{&%Cre-loxPE RS, DealTRAZERD3FERE Ti2/\H (Dre;Cre;IR1),

MNEREE. BFRNESTEEAER. BK,

DealTH)Xi#m: Dref)45FMEFIE:
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X&) Dref/E 51 FHY4 F AR Dref TR RN T REHIEFEMM P Cre-loxPEHEXE
2, ARZMAESCAREENEHNF (B1PNAHEB) HES, FElt, A2 DealT=EH
PAMENEZEY, DARBEIEHNIBEBRERSENENF, HEEITSIRIERZKIIDrem
RBATRESTEWIE,

B-DrefIEMARE (EIF100%) , AFEEREaMTRNENFRIRGDreEARBRIX.
B-Dre/NB WA 5R26-rox-stop-rox-tdTomatoiR SEE/NB R E KWK DreIy R, REHE
KiEDreRBERAE, A ae5Cre; IRTEM/NERZR, FAFDealTRANEIHHFTIERR

BRo

DrefIR AN AEBMAEITZE, DealTREEIRICA+B- MBI H L EBMEBE P T, W
RA+THEHRIAB, B-Dre-roxERKGEIEA+EE AR Cre-loxPELH, AltDealTAREEFEIX
RN TR (A+B+A) BARIC,

N FADealTH AREREMBET MR ?

PAc-Kit+ O EF 4B (CSCs) Afl, HAKREBEADealTRAAENIEE XX MBI T EFHIRMEE HHT)

B,

AZEME (FREWHgene A) FRc-Kit+ T4, BB (AEWNgeneB) RROAMAE, KitEER
(gene A) Ec-Ki+FHEPEFRIX, BRONABRSTEELERIX, ELEHIRE TKit-CreERTE/OHLAH
f o B9 R IR T RS - Kit+ O B4R B 3 T B FESE @ M ARIE .

BER—MEETHR, —HFERIMDBWERIEZE/NERZR: B-Dre (Tnni3-Dre), A-CreER (Kit-CreER)
IR, 31 ERBISLI:

F—HE: TRENEMSIIE

Bk, SXFmHNESEEE T AERB-Dre (Tnni3-Dre) FA-CreER (Kit-CreER), VB E N BHITEAES
SEMFYESMAII0IE, HHERRDre-loxP M Cre-roxX iR BN TTgetE, HEBRCreERMIREIX.,
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Steps 1-4; 7-11; 24-32 Steps 5-23
| Generation of A-CreER mice (e.g., Kit-CreER) ‘ | Generation of B-Dre mice ((e.g., Tnni3—Dre) ‘
| Cross A-CreER with IR1 | | Cross B-Dre with IR1 |
‘ Tamoxifen induction ‘ ‘ No tamoxifen ‘ Test Dre—loxP cross-talk in different stages

l l by immunostaining and cell dissociation

Test efficiency, specificity,
cross-talk by immunostaining,
cell dissociation

Test leakiness by Test efficiency and specificity by
Immunostaining immunostaining and cell dissociation

EABIRBRNEL

o WEXAEAPEENCRISPREEREHAFXSIZB-DreEAHMTER, —BRNXE6NH., MERESH
EITEE R RER E1-24F,

s EIRHERIRE/NEN, Z2INFEDre cDNAZEIN_EWPRETTAFREAMMRNAR AR EM, I25Dre
EANREARERNEAYE,

Dre 1 CreER I B B AYI&iE

o BHME: >99%

AHSERVNERE, RNIRSERFZXER, £A-CreER;IR1H, MNRMEEFES—RBERE, o
FTERREFS, VBHEINSRINCHES R, AER: RIFE—MERMc-Kit (gene A) fiuik,
BERUABREC-KIELRE, ARERE—TMEESE (E—ERAMEEFLEE) 1-2KRFEEKIt-
CreER; IRUVNBRHUOAE, HAEKit AT ZsGreeninAxTOETI R #TRER R E, UKt +HE
thZsGreen +HAEHIBE DL, X FKit-CreER; IRVNE, BMENESARR: S2XEOLF/NEMERSY,
H5%, MR EEFABKIAER, BAMBEZFIEMAXIGE, KEIHKit-CreERIMCAIR SHVMEEE (f
M, NEAE) . ERFN—RHTERRAEEXEE, ENBIHERAEEEREARPERNERTUEK,
HEADHBRENER DHTUR, UHBERESRME.

s BRMES

AR SIRTVNERE, Bidmarkery FHRNEEAHTRERE M, #ETnni3-Dre (B-Dre) 2&X
ZETNNB+OIMAE S EER SR EEIX, MKit-CreER (A-CreER) {R¥Ec-Kit+ IR SHEFRIX,
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E/EENE, EXTni3-Dre#tTRESE, OREPEENEMMIEEE (Fl, ARAR, FBIA
FEANpLET4EME) SR EMaRE (FIa0, BY, M) MARAFREIRIIR, SLRERMNIESETNNI3-DretRicO
MABERIFCEMMMIER, EXKit-CreEReFTRENIE, NEFIXBAHEC-KitZBEEMMAE
RKBEDRIX, Flo, -KtEMARAEDREEE LRABPARE, FiLoTPAURERMALRR TR,

e Dre-loxP Bf Cre-rox3 XiRpIHEE

B3, Tnni3-Dre;IRI/NE D, MMEEONAKEPHEtdTomato L B NKESiiBEDre-roxEH, ME
BZsGreenFBRHESIHIPAET Dre-loxPR X EME,

s BESBCreERBBREHE

CrelRFRXREEREMEEFFENBERTRECreER-loxPEAH, TEFEZRER BN EKIt-
CreEREBFEMIK. WRKit-CreERERHERHRAECINARDPRERIX, BAKETNNI3-DrekFEFAE
PRIXLMBPEIoXPALRZET, MEWRECreERIIFRAEZEAEH., XY FABCreERTAR, MEFEE—A
REZMEEFHNRARLECreERFRANIER.

ETMER: DealTRESKMEL

BE/5, ¥B-Dre (Tnni3-Dre), A-CreER (Kit-CreER) F1 IR1RECE|—iE, 3RSTnni3-Dre;Kit-CreER;IR1=
HEEBNNR, EEHNNEFESCreEA, BEIRIPHARERRARSERIRCABNMAMEZER: ZsGreen
RIFEAMRCC-Kit +FAME, tdTomatoxXEBRIS/NEO DO LML,

Steps 33-39 l

Generation of the DealT (B-Dre;A-CreER;IR1) mice

!

Tamaoxifen induction at appropriate stage

b

Tissue collection (e.g., heart)

I
[ ! 1

Cell dissociation Cryosectioning and immunostaining Other methods

N\ | Vi

Examine the efficiency and specificity of labeling:
B-Dre target cell B and A-CreER target cell A
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o EIXBDealT ZERFENA/NE (Tnni3-Dre;Kit-CreER;IR1T mice) TJLASEFKBTnni3-Dre;Kit-CreER
XPEME, BEIRI/NERE,; ol —EABTAEESIRVNERE, BEF— M TERRKE,

B RESRRKYFRNRERA,

o EDealT/NE &R, NLFHABHIOIMAEEEDre-roxR AR,

* Deal TRIMBR/NERBIFL, AREMMEANZAELER, SAEPTEIRANES/NE,

s AFEE—FMESFTEDTIALE, WEDealTHIX B/NREVOIEHRT AN NERERE., FH

£3%4ZsGreen, tdTomatoFITNNI3E;VE-CADHIHIR,

o fEDealT/NEOED, OAAAEAZ 2tdTomato+ TNNI3+TIAZZsGreen +, FEXNB/NEOEDT]

P ZsGreen+TNNI3+ O LS,

o k9, DealTHIXTEB/NEOEZ B1ZsGreen + VE-CAD+NEMBNBE A LLNIZEELHFEZS., T
{ERMALREATINIRTER, RAC-KitBEMRNEARDERIX, FETNNIBAREMALRDERIX,

FEHER: AARGIBEHR THERTIR

FABERMIREILSENONERE (M) (SRFA-EFALEXR) FSARGEEE, BE0Nc-

Kit+ CSC (ZsGreen+) 2B EMIGHRGEGON D =LA,

HKit-CreER; IR1) , BEBERBMAMIERRC-Kit+ T4,

Steps 40-44 / \

Perform injury model (e.g., heart Ml injury)

Sham model

\ /

Fate mapping of cell A after injury

+ v

I

Cell dissociation Cryosectioning and immunostaining

Other methods

DealTR%E, HREMRE (£
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o EHALISP, DealTHIEEX R/NEENE—EHITILE,

s EMEMBRZEREFHEESTFES, ERE—FMEEFESHE2E, WNEEITMIERFR,

s BRFAD, EFARMEMEGIER, REERFAPARHETRKAMMIKEIL,

s WTFRHIRE, BENSHEARARESHNRIENER,

o —MRN, 1-2BRRUEMAREFRE, AEARELANMESSAHBBEARER, BNERE—

FtEEFESE, BH2ANE RN EHEHTROBERES.

REMHEE
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Eigin) R oJHERSEE BRLE
PCRER SEPCR | PCR|MHIBMZERE | EiRitsIPE, S4-B#si5E
=R AR s ¥R, SRER R H
fTEESE PCR AT RMZE. Hlin
FEIEM 15 2°C.
MREBREICE | MEAMEREEEER. R R
AEC L
HPEESEENRES | BERSPRELEAR, HEFAEE
=P HPENRENTE.
HAMRAEE. | BREzFzEASE. BN TASEES -20 E-23°CH
mETEESHTREERE EAT
BIRERTHRIANSEERE. £%
FiERERR™mTH-
T RE#. FRFNMA TR
WERERFEAMEDNY. | FEREERAEFEENSINTIAT
s,
EREZETRT | SENAEFRERETE, £ | RFNENEE.
il EEEES | BREERE.
—mMEEREASE. MEEA 1:50 2 1: 1,000 = @R EH
ERE SERESEFARE.
AR EEE WF T | BEFE 4% (wuvol) PRA BEESHS
—MENENES. g 2 /e
wE oM | EdER AT RS EE | GonRTEeEn e, SEMEIE
ol AFESESRERMNALAD | HAEE. ZEEHEFERREES
w8 MASEEE8 | 15-20 98
AR, TEEEESE
A EHARIE T
ot @i ET AL E | R RS RE AT sk
AIER: MREFESRET | L5
Tafifkal, =B bR
EEEk.
SHEEFLEN | NEXEFERESAE | BEFEEEAE.
VRN GRER sEift.
fhEEFNFIEEE. BEMESFFEFET0.2mgglE
E. NETESRNT, LuERN
FF2E.

EEmnEXEYRERDERAE
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