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COXEF, ZEEEBANELIMEYT/ LRE, BITIHBENS O R2 ) T F—LRDICD
WTOFRICODVWTEMEILDTH S, COXER., FAIDEVERHACEMRE ED R A
F—RHE, ELEAAFABICOVTIEITFEL, AP LHFRZR/EHREDA Y

N—FIOXEZL LI, BRFOLBRY LG EICXEORZEHT 51 H 5. TOREIE.
THEZHET 5. HRENEEBITOOHREEZRIT T, RFHRFOBELCERR L ED
BENSFENTEYENSW O, EE0EHRUEEHET L, COXELREEIIFETR
VEFAEHENACRELTIEVZXEZET., FEZH>THEL TV DL, A EOHEHL
WL HYZEDELIITOVWTIHRIELLEL, COXERFEEDZAI VI TEHFENTS
Y. SHEMBE L TORShEITSRERLE D, AXADI A2 FPEMGERFEDL TS,

1. G581 SR 0 ) T b—LZEHRAT 520DH7

ZHBAEYIE. BRRGHEEETFE OMBENMERT S L TEANERFHZTSENTE S,
HMREEE—BATE -0/ LIEREFDICHLEDL LY. SHRGHEEEZFDHEE (celltype)t®
HHREAK RE (cell state) N FET 5. AR OHMAKEIX, AN TRIRT 2ERFITE>THE
ENd, BIEFIERNANEEE SN T, ZO—BREIRNAD FFEHEET D, KV T2 /U EIZH
RENd, CHLDRNAYE VARV ENMZERYICG oY, BEEFHEHE - FAET S
LT, HIIORRGHENRITT 5, TDH. 1HIEZ L ODRNADIEFEPEZANIE.
EAROlERE. S FENTO I RAGHIEOREZRANONE, —RICEREATRERLTLS
LEEFORNAD FEZEEY: transcrip) ®ZFNDE % 5 VR4 1) 7 k—L(transcriptome) & I
So PSRV T h—LZEFBTIHEELT, BEE, RETTERT HIRNAS—T U RE
(RNA-sequencing, RNA-seq)A\R LYo N 5,

RNAZ, BEETHDH=0, BIELTL—S VATED, —AT. 2NV BIBIRETAR
W8, 1THRENSERICIES SADE VNV EDORECEZRET S LIFRETHD, 7/
L DNAEZS|F. B TERMICIIRLCEITHS-H. MIEROFEEIHOMALLL, TE
T LT LlIE AFM2OE—LHENSH, BEARH#ETH S, RNAIL, +2ITHRBEN
BVWEERFTHNIE, 1,0000E—FEH S0, HIBREDORENHNIETHRE LT, LE
DEHEMS., MEOEEFERET SICIIRNAGELTEE. THbLbLIMB NSV RY ) T h—
LEFRTNIEE D, MBS VR Y T b—LZEHATIFERELT,. BEL LELFIAS
nTLBDH, 1HIFERNAS —4 > R ik (single-cell RNA-seq, scRNA-seq) T#H 5,

HRERCHEBIDO SRNAZHE LT, TNOoDEEEFARNIAENINETIHHAINTE
f=o —HB&IZscRNA-seq& xttk L T. bulk RNA-seq& FE(EN 5, B, A OCHBRERATZFOL



MITHEBDOERA - RAOMREE OCHKEZRED, KECENDORRZER T LH-OICF, &
IR B SIREE O & ICHIRBMEZ SR LG T NEEBBETELRL, L5003, SHaEYO LR
WR(FT, MEEOREC EICEFOEBOBEORBIZSELEZY., BHRLEYTSHI LT,
Y- TLVS, MR CEBOMEECHMIKEZETAT S=0I2E. ThEhERYHL
T, NLYTIRRDFEDH D, £ZHH. FATHMHLG . EDL S THBECKENSFN
TLWANELEDLNS2TELY . TNETNEMYHTHELFEAE BILL TLVEL, FRTRIH
<, BHRCEBIICEENDIITATOMBECKEZRASICE., 1Ml &I SADHE
ZEHRITNEE L, Bonf=T—2H oM CHKEZHEL TH L. RROBEHZED
niEEWV, FEFAMCEDERFAEENTHATH S0, 1HRAICEENT-RNAZ T NTE
ATENE, T2 oEERELGELFEHETE S,

CDELIBERMNL., BHEOCHEBZERT S-OC, 1HERNOEZIEEDRNAOEZT-K &
ADBITHRRDAENDEELGDIDITTH S, AETEI1HIERNA-seqiZDRIE & SHME.
SROFFEDOERAG EICOVTHERS,
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21.RNAS—O T U Rk & &

scCRNA-seqZ B4 512, £ bulk RNA-seqiEIZDWTEREAT ', Tk, fEas oA,
EEMBREAN SRNAZHME LT, TIICEENLRNAERZEET D HETH D, EFEIE. 10
ng®DTotal RNA, T4 HE1HEEEDHEOMAZMN 5RNAZHE L. DNAY—4 5 —THESI
RETEZEDDFICEMRT 5,

RNA-seqZzEI 9 5IZ1&. RNAZDNAIZEM T ZLENH D, GELn, BE. K<FIAS
NTWLWSilluminattMDNAS —4 o5 —I[d, DNALDW D —4 VR TELRWV=OTHD, b

[Z. DNADK &(3200-3001HABETHENIXE S0y, LAL. RNAKETFIEREZHZ 51
2L, TRFEETEHI—HS RTERGL, Hifah o S f-Total RNAIL. rRNALIRNAZLE
EDMRBEDEREFLITZUVRNADFNONEEEENTEY. ChoDHRFEI—47VRL
THLEHELLZL, TDRH, TN ZMUYKRVTHL O—7 VR LETNIEE S ALY,

Z ZT. RNAZ#IREM o4 L1=%. polyA selection|Z&k YmRNAZ#EL3 %, rRNAIL,
RNAD KGR Y ABRFIN ZF =742 L=, polyAD B4 EE T b HpolyTEESI T. polyA RNAZ%
IR L CRET S(E). CORNAZ>—4F U RT 5HE%FRNA-seq. 5 L IEpolyA RNA-seq
EESR, 50 &EDDAEIE. rRNA depletionTdHh b, HIFrRNAIZHEF##HEE 2 DDNAT
rRNAZHIEL. MY AETHSD, ZORNAZZD HiEETotal RNA-seq& FES, polyA%
B UORNATHEEN THIREHENLGLONH S, E£1-. polyAERFIA IS BRTID
pre-mRNANTEFE T B, Total RNA-seqlZ TN HDRNAL O—4 VU AMNARETH S,
RIZRNAZBETR1ET 5, BIRIESNTZRNAZ S U 4 LHE6XF D TS 4 T —(random hexamer)
THEERIEFITI. CHICKYEAIESN-RNAIXDNAIZEBREIN S, ChiZL-T,
U= URICHEYEREEIT, D, DNAIZE#REIN-Z LIZHSB, ZODNAICY—H VR TS
A I—EELEMAMT B0, = VRTETA—%S54 5= a3 0TRETIE, >—4
VADNTESDNALGEOND, CNEV—HTVRSATTY EREA,
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VhFTBIET, EQOBIBEFNREDCHLRNAZEEL-NEFME I ENTES, BRRAIZHE
ENBDIE, BT X BEFORTDITIITHY . THDOERIE. RNAOFEEEETT, =
NZEBEFRBTINERES, ZOTHIMSUUEY U TILERRLEEY., YU TILETERELESE
EFEHAMRBREICE D TEEYTARIET, YU TILOEMEMBZENTE S,

ZD & S5 —HRAIRNA-seqX 1HIFERNAICICATE AL, ZTOEAIE, RNABEZHS Ak
(X, MEOHE,N SRNAZHME T IEH# T, BEFICRNAZOXLTLESHTHD, Fi=
MERNABFEDCDNAZSIRMICS A —ar LigThlE, 5S4 T35 2EETERL,
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1TIE, dTAFMENZE—X#FIALT. mRNAZ[EURYT %, 2TIEMRNAZET 1L, 3TIE
SUBLTSAI—THEEEY %, ATHRIMEEEL ) VRRILIZKYTETE—D34 45— 3
VDEREST D, STRU—T VAT HETE—%547—avLTWV%,

2.2. 1#fARNA-seqD E IR I HE 7T KIS

B8 TN L-— iR RNA-seql%. 1#IBARNAIZISET 2DIER#ETH D, TDEAK. M
STHIEN S DRNAKER (X, BEBOORIZEYRNAZR-STLES., —AT. RNAKEIT
MRNAZBMNEFNIE, FEAEDY—S U ANRNAIZEHSNTLET ., £-. MERNAR
RDCDNAIZ, NEMICO—H DRTETI—%545—=a3 v LEBITNIE =T VRS54
TS5 H#EHTELVD, COPXRFIEL LWL, RIZSA TSV EEETELELTE, V—
T URTEEREIZIIHBERY U =6, DNABIENAREIZL S, DF Y. 1#ifARNA-seq%
EIRT BIZ1E. rRNADKREZT S L4 <. RNAZDNAAZH: L, DNAZ#EIE L =% . DNA
EERIE. REMICO—HS RS54 TS DERETSDHEN DD,

ChEFRRTLH-OIC, 1HBERNAZRET S L4, HEEMEmMARICEREERL, M
M SRNAZERY 3, MK, 5/ LDNA®RNA, 2 U0 BH MRS MNBITHLTL
5, MR RIZIEZ. RNADEEROEEERODNAELEEBRZANTEE. TRELGRLS %
BERMICHELTHEL, RIZ. rRNAZEIT T, HEKEDEZICEERNHLHIRNAOAFIRA D
f=&. poly-ARNAZEZBHE LTAH) AT TS A X — L HEERBRFRAVTHEEERIGEITS,
ZDEE, AYDATTSAI—DIXKRIFIZ, BOEBIZFIAT SENZEFHFMLTEL, ZhE
RGERY, FTEMAMTEIEEZTXTUTEESR, NS BEFIE. 1#ERNA-seqD A
KICk>TEKG S, HlZIE. PCRIBIEZTTS AiklE. PCRTS A4 I—N7 —— )L TE S HEE
FlZEfMAMLTEHE L, —A. invitro transcription (IVT)IZ &k > TDNAZIEIE T 156 (1%, T7ESI%
ML THL, RETIEINLDFEMERBEAT D, COLSICEERFICHBEDEINZZ X
L. &EETFEEEY 5 HiTE—#%(Z(Twhole transcript amplification (WTA) & FES, WTAZ
X2 X5 ECDNABIERIZE > T, KELAFXKIZHESIN S,

2.3. PolyA tailingi%

ZDFETIE, FEFICKDIFIHERDKRIC, A1) ITdTTS54 Y—ICPCRAES| M h
=754 <v—%2BW5%, #i5#%. RNA-cDNA/NA J1) v FiiZE —_A$EDNAIZL. iD. PCR
THEBETES L SICTBICIE. F2HDNADS IHIZPCRAD XK EEH M MT 2BELNH D, £
Z T. E18H®D3 IHIZTerminal Deoxynucleotidyl Transferase (TdT)Z##A L T, BERMIZKRIJA
BBl % {4109 % (PolyA tailing)(BI2A). —DARJAESZ2—4w k& Lf=4 1) 3dTE#EDPCR
BAOXBEI(Z DRI EXUITTSAT—2ANT, F28%2ET 5. T THIFIC
PCRIEIER D Z J h TV i=ZAKEDNANE SN B,

PolyA tailing IFIEEDHEDSVWVRETH D, FLHEERIGHAERTHERTLTH, 3K
AAAZfIINEN T8, F2HERITEL Z EMNTE S, FEE &PolyA talingRIEH I L T
EimESn b=, RIZHBX Btemplate switchingk Y H RIGRA Ty TH1D#EZ2 5, T=-RIELE
ELREOEEZRELZITEHH. EFEBRNVETTHS, HIEEEIXUITHADR
TYTIZHEH TV, TNTNTRELGEHZEZERTDHIENTEDLH, BFEEZRLL
3Ly, PolyA tailingl£Quartz-Seq?4>Quartz-Seq2* THRA I TS,
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2.4. Template switching;%

F1EERDBRIZA ) TdTF 54 ¥ —IZPCRAES| % {1109 % mIXPolyA tailingix & BIH T %
b, BEEBRIZCE > T, IXRHIKRYXI LAF FEAMNTEHMEENH S, template
switching TI&, F18cDNAICT 7 = UM3XFERmME b HEZFAL. 2 b2 U3XFITPCR
% 7 hftinE hfztemplate switching4 ') 3% 7 —— /L &€ T. F28EDNAZ ST 5(E2B)

o CHITEK Y., WMIHICPCRAA JHMF ULz ZKRIEDNANF 51 b, templete switchinglEFERE
FICEEDS=H. RTv THD polyA tailingk Y1 R T v Thignhiz6, BEFEETHD., FEx
EARNADS KIGETUY DMEITFNIE, TT7ohFmMmEniZz:=6H, X0 9088 24D
ng. TOBRODRTY FITEDEL, ZDH. RNADERZ L YDT LD, ERFORER
5LAZL B EEREBMIZEHITAL, Template switchinglXSTRT*4>Smart-seq®.
Smart-seq2®, Drop-seq’s E THRASIN TNV,

2.5. RNase H- mediated IVT;i%

CDAEIE. DNAZ#HE(C L THHELZERNAZ & /LY %in vitro transcription (IVT)ZFIA L T, 1
IR EERNAZIBIE S 2 HETH H(BI2C), H1HARDIRIZA ) IdTF S 4 v —IZPCRAE
SIDEHITIEAL, TTEAIZFMNT S, RIZZDT7ESFIA 5T7 RNA PolymeraselZ &k Y RNA%
RIIEIET 1= TH D, dTT 54 T—THEIHDNAZERHK. TV FLHERNATS (T —T
F2HEERRMT % FA47—2avTENLZRIT-E, F2HODNAZHE L LT, T7IH b
IVTIZ& YcRNAZ AR T %, DA EIXCEL-seq® P CEL-seq2° THRA SN TLVS, CEL-seq2
[F3Ea— FEBEEICIK SAD—FRT Yy TENELBERAFTHORELH 5.

2.6. RT-RamDA%

NFETOHEEA ) IATTEIEHEHERE T IR T EHAMIT 2R/ BETH D, &5
[Z. PolyA tailingt>Template switchingi& Tl&. PCREADA V& HEE TS5 4 I —H 41 kB H
THIHZEMAMT E2BENH D, COFEICIEIUTOLIBRALHD, £F. dTTS54 37—
THIEET 576, RNALLEZBITEHZENTESDN, EX FUPREFI—FRNABZED
¥k 7Enon-polyA RNAIE L — 7 D R TEXGL, £, Jmh o FEFEZT 516, FEEIZEL
RNAIL&F CTHEENILEFEFH>TLEL., SO —S U ARBLNEN, FEETSAI—D
TSAIVTPORFDEDIFXF U ITNEBRLTLES &, ZOLFIFERAS FOYTT I+
LTLES, BTG FICERTELINE S5SNI, MImDI X T OMNEDOMNITEIZE D
f=&. dropoutDHEERZIE T 5 EAEFMMICHETH S,

COMEERITHICIE X T2 EDLEVKEBIERE. RUABRIZEYICLEWS UF LT
SAIVTEFALEAZNVREELL D, RT-RamDAIX. RNAZER L L THEERGIZEY
cDNAZERH L DD, 1DDEHNASFNSCDNANKRIEL ARSI RETHS(E2D), —hix
RTBELDSIVFLTS5A4I—TRRED, £9. EEEA TS A4 ¥ —(not-so-random primer,
NSR)ZFHEYT %, CNIF6XFDT U F LT T4 T—EIMNSrRNAIZT v F9 HEFZRL:
BHIDOREBAR L. 1RADF1—TITEALEZEDTHS, CONSREALT., HFE18HcDNA
B EITD . FIFFICDNasel L 1AEHRELEREANTE, HEEFIZDNasel[ERNA-cDNA
NA Ty FEOCDNABIFEZFHIZCS DA LIE=v I EAND, §5HE. SD=v Y hbRTaseh
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cDNAB R ZBUIRH 5, RTaselZlEstrand displacement;EEZ D1 DM H Y. BIIZELAH -
THLRLENCERERITS, AP, HDVIEERSNTI=cDNAIZ—AKEEDNAREILEFRED
B=IZk UDNasel™ DY E RN D, £1-Z DEREDE =1L > Tstrand displacementhVitE
E0F <D, cDNABRES VA LYY DA RIFICEY R LERERIETREE 51260,
HEELTWALEITTRENBHEICEBIES NS, cODNADEIRSN TSN T, MEER LT
EEBEDAFEVMENT IV IDNEZRDEIIZH S, cONAZREE LIk, F2HEEM LT
. BRELTSAS5 =23 0T 029 A0T—2avIckYSA4TSVEERTAE. §
CISO—H U ANAETHD, COFEZFRALIZELD L LTIZRamDA-seqhH %,
RamDA-seq(f1#ila T2 EMDTotal RNA-seqZ WO TER L-FETH 5,
SURBLTSAZIVTHEOTRNAOERN S ) — KA ELNB L. dTTS5 4 v—IZKFELRE
LD T, non-polyA RNAL R TE S, 1DDRNADFHI 5= SADCDNAZEZELNBT-8.
BERFOERAEL L LNEEICLEVDOIHETHD, Fi-. BAIESNI-cDNANE LN ST
H. T4 TS VIERBFEOPCRTHFRICK DIEIR/NA 7 AR EIZ LY, @BEDscRNA-seqlE
dTT7S 4 X—THEHEE., 2X2Y . PCROIDDEEAEILETNIE, O—7 2 R5/4TS
JIZHEBT., BEREFIRHEIAGL, EEBORBEZZVORELEIETEH, EEFREBERIL.
BEBORIEEONTEIZGE D, &AL, BEBORINERMN0.7TIEMEIZE. 0.7'3TH
51=8., BRERNEIZ0.34BEICH D, TDEHELDEEFERYRELIT LIZHD, &2
AH. RamDA-seqlXFELRE DR TRNAD H 51 55N ScDNANER S, F-=5DEIE
T5EH, FEAEDBGEFNOHALDHDDNAGREIND, I TICHEIBSNi=cDNAZ > —
HTUORSA4T5)T DD, FEAEDRRETFNREAIGEEE LS,
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A 1. poly-A tailing B =2 Template-switching
2444 Wihem
Reverse transcription i Reverse transcription i
AAAAA ABAAD
TTTTT [ TTTTT
Poly-A tailing ¢ e i
————————— AAAAA
ARAAA TTTTT 7] cee TTTTT [CDS]
4 Template switching i
[@TTTTT =jecs ARAAA
AABAA TTTTT 7] =cce TTTTT
PCR amplification b PCR amplification b

TTTTT AAAAA GGG ABAAA
AAABA TTTTT CCC TTTTT

C 3. In vitro transcription D 4. RT-RamDA
AAADA ARMARA
R ¢ i TT777T[EE NSR NSR TTTTT
everse transcrption ¢ Reverse transcription i
AABAK
11777 [ElE ARRAR
NSR HSR TTTTIT
2nd strand synthesis ¢ Random nicking b
AARRRA
- =———NSR =——— =———NSR =—— = TTTIT
Trr77 [EIE
Strand displacement 4
h'gaﬁon ‘ —_— NSR NSR———— ‘I‘I‘TT%
LYY YN c6l ~ &
TTTTT [
In vitro transcription L
UUuuuuEg

2. 1#IlERNA-seq;E DR KRG EBERIG. FRIRIIRNA, FRIIDNAZ RS, A) TTTTTIZARUT
. T7IET7EES]. MIZPCRA TS 4 v —ER5 %<9, B)CDSES2(EPCRA TS 14 ¥ —EE%l.
CCCIIRIUC., GGGIIRUGERT, CORIEI—4 VR Y—FAD TS 4 <—8H., T7(XT7
E25l %<9, D)NSRIEnon-so-random7 54 ¥ —%%XK7,

3. 1HFRNA-seq;ZD /"1 R J)L—T v kL

BEAROIERS. MBOMELZEMRT E-0I12F. K SADHBEL—T VAT EILENRD S,
BERE L, EAROCHESS. AEICIIEHOMEE CHBRENASENTLSEINTHD, EBED
bulk RNA-seqTl&, —EDERBRTEWVWEWH+ Y TNLES—H U RTBHLETTHD, L5
M. 1HERNA-seq TIXHBENSH A D1HEE L —7 VR LEITNIE, ZOEMNIEENST
RTOMBEOCHIKEFRAETES Y. BHEROEREREMRBRO L S BHELLMBEEL BT T
EHLY, 1HIRERNA-seqlE. MIEDFEENS O—F VRS TS5 VIERETERGFIEZE 1HHE
FTOMIICKEELRTNIELESLEL, ZOH, REOFAPIR RHAFEEICHLN D, ZDR
BEMRTDIAELELT, HlAN—O—FERLEBREREEFAT 2HENH D, -, 1#EiE%E
BRICRYDTEEMBDLETHD, AETIEZENSDIZDONTHERT 5,
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12T DODOMIEEERT H5DIEIX FAFEL, £I T, 1HBHAKOLRNAICEHZDIT:

%, BALTHEIE, >—45 R EZTL. BNZBEYIZT—2Z1MBCEITIRY 25 5 EEE
%&b, £9. dTT 54 v —IZ#B/NA—3— F (cell barcode) & FEIEN B EEFI ZHMLTH <,
KX, BEXFIDS U F L, HBHWVIEBFNZHZST SN-DNAEIIARLONS, ZDEEF
F1HRCEICEA S, 1HIT DOHERERZ1TO &, R CHEHEREDORNAIZE —OME/ \—
J—FHAfImEhd, CO%lE. FHEOFGEERFEALTLELTEH, O—4F U RRICH
N—O—FZBYICT—2E08TE5, 1HBEEMENN—O— FZ11THEHLE THER
BELBEFNIEXZLGEVLDA, WCODDAXMNMRESINATINS, RIETIEKERMAIDDAEIZDL

Tih~ 3 (B8).
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1. FL—h& 2. BRI EY
(—ew5751v— @Oun) :
] p / o i °
BEETSIv— |, (*
E=X °| mpEs
3. T4 U OF ¢+ Y IN—8 4. BEE TS A 7— & cDNAKE
RNA HKYA PCRFIES!
I l
cDNA 1 t
AUTdT #E/N—a—K
BEETS A 7—

3. 1#IiERNA-seqDMAREIREGE. A) T L— FRIIEIL Y —F—E96/3840 2 LD IILFI )L
TL—rEFRALTHRZHENT 5, SRIICHRAEREFETE TS/ v—52ANTHEL, B)
REMERBOBERXRE, A TOLSIKBEIEIIDOF ¥ on—I2EHBN D, C)Fluidigm C1E!
DIA7BF v onN—, EF1OOMBEN LS Y TEINDEZF ¥ UoN—0DLKE, GlEF v /13—
NEL->TNER, DFEEE TS5 4 v—EcDNADEENERXK, Template switching®®PolyA
tailing TRIASNARRMGE T4 T —EEEZTT,



3.2. Y449 07 L— FE1#IBRNA-seqi%

NFEMFEB TR FEOLNSSBSHEEDIA /O )ILTL— AT EHETHDH(E
R, v~ 489 TL— hE960384Y T L TL— FAFIFREND, DT L— FZERIIC
MRRERLEFETE TS5/ v—MFELTHE, CILY—42—T1HlaE&Y T LIZERT 5,
BRICDESINEHEE IS4 I—IEV T VI EICEGAME/N\—a— FNEEN TS, £
D=, BEEH%, EELTLE-TEHLME/N—a—FDODNAY—4S VAL, T—2 %14
EIEIcRYSIToNnD,

CDESHAEFEFEAL TSR RMAscRNA-seqi% & L TlEQuartz-Seq234°MARS-seq'”,
CEL-Seq2°®, SCRB-seq"?# ENBH D,

3.3. &M E BRI E 1 #MIFERNA-seqi&

YA OFRETNARZRANT., REZEERICERL., TORICHETETSAv— A%
FALAHLZHENHSH(RBB). F3. MIRBEERE., FGEETS4 v—»HIEHBLELSAZE—-X
NEFENLMAFMBAE. TAMILERBICKT, THLEA. HlaLE—XMFIAITEEND
WENERSIND, REOEMNNIHMEEEHEAEZDT, RNANEITHL., E—XICHEESN S,
ZThRk., WEEMEINIL. BHBREESTE S, RERMAFEL L TIE, Drop-seg®+
inDrop-seq*H' & 5,

3.4. ¥4 7 OF v oNn—R1HERNA-seqi%

COAXTIE. BHREBKOTA IV ORBEMNAL CHEZHIIET 5, T REAIC64 D
FroNnN—%BRELTHE. RRICHRBAREZRT L. 12004 MI1DOOMELNEIR SN
%, BRICHBAHEIR SN TWBIGATICIE. MEBMNICZN U EOMEAHIE S OMEEIZERET
SNTWD, ChITLY., REICHRBAREZRTZITT. 1HREOERMNAIREE G o1,
THRRREGRER X, Bk - 8T - FM B LI > THEEEEEEZE SNz, LML, F5UR
D) T b= LBTTIE, 1HREERRICNA ., 1R EICZREOS FAEMERGETOLEN
H5b. HIZIE, ERIERTY TTHOBREMAZY. TOBRREICREICED &S IZER
MR EBEZDODNNY T 7—FEMADIDELHD, CNEMIBT LTS HICIE. THka
Bx RIBEATY T8 DOBBRAMESHT 2EEAIDBETH D, R22T+— FRED
Quake 5 [F, 2000F(CEEHMIZLDTA o O/ TERFELEYSEBEEC). —D/\ILTIE,
FHMEOE LR O A F )L OF4H 2 (Polydimethylsiloxane: PDMS)# £ BIZ#AEHETHED
nf&us@&ﬁmhém%?**»@?(iit@?fﬁ%jg;9(ﬂ@??*w#m%
SNTWS, FlfHlF v o RILICIEZESLFTEINTEY . TOZEFHERHEHT S LT, /
wﬁ@ﬁ%ﬁﬂ%t@éo@ﬁ%mwmijﬁﬁﬁﬁﬁmtﬂmL~%ﬁﬁsﬁm@94s
DUIZ, BEYGEF Y oN—ALBE}TED, BolFIOtBA#ZFAL, T4/ F v /N—
FRAW-, I EDZEBRENTELZBIE R TLERBELz, KOATLIE, LM
E%31 L 7=Fluidigm#t M S & (Fluidigm C1)&E L TIRFESNTULVD, AR T AITIREMNIFEREIC
BETHL=H. EEIRX FIEWVLLOD1HERNA-seqD AL ERICEZKGEMZ L


https://paperpile.com/c/lWCIss/nlqHy
https://paperpile.com/c/lWCIss/91tib
https://paperpile.com/c/lWCIss/LBLYy
https://paperpile.com/c/lWCIss/XRuOE
https://paperpile.com/c/lWCIss/nlqHy
https://paperpile.com/c/lWCIss/txdPW
https://paperpile.com/c/lWCIss/Lcv3n+9BgZs

fzo LWL, COARKIE, MBOYAXIZE LTSV ORBERIRT ILELNH D, Fi-.
HA OB ROMBERN. HRALHEY A XNEFENRTLSHEIE. MERRIZ/ASA TR
PhvivotzY, FTLy bR YT 5, REF, KICHANIZTL— FROEERELA S
DMIE-THEY. HBFEYFRSAGLLGEYD2D2H5,

NILTZEFIRLIZRA 2 0F v on\—LSZH, SBSIRETIHALMENMNDIA 7O )L E
PDMSTHHE L. 1HlEBIRICRIAT 2A &L Hd. KRG AEL LTI, Seqwell™,
Mirowell-seq”, iCell8"®, Nx1-seq"iz ENH D, LH L. ENHREERFRENMEL . §&D
BHEAGFEI NS,

35. X407 L— bR RBERREBREDEL

A48T L— b Y—2—ZFFRALIAEE. 1#EFRRE. -80°CTH Yy BULE
BRETEDLO. —EICTHUTILERAETETLHRVERIIY Y TILE EDERBRADEERMNTT
WOF LY, ALY —2—TIEHREICESIN-L—F—E—LOEELLEH) . LM
NERITED, A VTYIRY—Ta UU#EZAVNAIL, MiaBEEitAL-MEBTOLED
EREODVIIIVCERTES, ChizkYtwILY—2—mo0MEaEMEERE NS VRIS
f—LT—2Z11XET S, BILY—F2—DoDITFILERINSZ LT, ME¥SELITT
B ATLY FOBRELET—RIZEDVWTITA S, £ BHA. EILY—42—TI&, BRI
DHERYRIToNDILF, O— U RTHMBEEF ST ENTESH. RELGHR
THd, T, YU TILPOER, BRHFTHATL—LE4CITAINMLTHITS1=86, fla%E
BIZRT %,

BE. 384T L— BB S HHMBIEE., DFYRTHIEEBEDORERT YA VICHLITLY
b, BRICIZBEEDTEENHDIEBRLN, TILFFrUoRILERY FTHLEBETES, #HIC
MM EHIREELE LTERLABELDT, HEERE—ILRI—TES,

— AT, ERMTE2MBAHIL. 96/384 9 TILT+—<7 vy MZHIEBEShBT-0. EfT 24
BEEPOLIZCW(RTY—FEYT4DMELY), £z, EILY—F2—DEEIZIEZLDEZELI D
ETHY. +HIEBEOREBEFEFBLLITAIE, ELLHBEZERIRT S EMNHLLY,

SONY SH800, BD Aria Il/lll, Beckman MofloZz E&#t Dt )LV —4 —h, 96,3849 )L
L—bkADY—F 4 U FTIZRIE LTINS,

BEERRE AKX DDrop-seq& tEE L T, Quartz-Seq2ld i E TE 2B FHHI2.6(SIREH
Y3, MR FERL T TR, HEEEECHMARREDEWNGE., & VYEMAMAaHEEDAZBRIZH L
TW3, Quartz-Seq2l¥E 7 FSRTAD Y FTEBEINE-ERMEAFIT—o O
UTANTCREEMEHEREEZTRL, 3 2EBENEAETHSZENEHINTLNSY, $FI2H
H-YOBREEGFHROMBE DT —h—EEFORBRIIMOFEZFEE LT S(X
4),


https://paperpile.com/c/lWCIss/bLKYD
https://paperpile.com/c/lWCIss/cA7Db
https://paperpile.com/c/lWCIss/B1Fqa
https://paperpile.com/c/lWCIss/7KBeK
https://paperpile.com/c/lWCIss/dNbYc
https://paperpile.com/c/lWCIss/nlqHy
https://paperpile.com/c/lWCIss/lA1ki

=14
A

Monocytes

$ELE £

# reads
CEL-Seqz @  Chromium [
MARS-Seq Chromium(sn)
Quartz-Seq2 ddSEQ
gmeSCRE-seq [N Drop-seq [N
Smart-seq2 ICELLE D
C1HT-Smal (R inDrop ([
C1HT-Medium

X4. ') — KFHi-Y DRHEEEFE. Monocytel#ifz 7= 1) 50,000!) — FD L —4 U X %& B 115
& . Quartz-Seq2 TIEF 156,000 EEFM&EH S5, ChromiumTIL2,000E5FIEE,

—AT. BERBIEIHRTIELS. HOBTHTFIOHAMEEFEINTES2H. Ry—3E
JT4 a0, BFEIERBIEIPDMSO & S5 BR\ELEMETTETCNSH, BILY—4F—LE
BYBBITILFFYRIETED O, Ay—5EY) T4 ZLIFPTL, ZOFEE. BER
DHFEBEE—X, EREBHIVHETH SH. 10x genomicstt & Y Chromium & LY S & AIR5E
SINTHY., A—YEUTa MK, EBEMEFEICFIATE S, (5124 Dolomite Bio*o,
illumina & BioRad#t D £ ERKNDEBE THAddSeqs EMNLETHENTINS, =L, Chohik
BT, BEOHBOA—7 VA LEBAIE., EILY—3—RETEMICY—T1VIHPRE
255, EBICH LN, YU TILOERBEENANTES, TECERTIVELNHD. B
EEOHRBABAREZAET S LT, EMTE2MEKZIEOCTH, 2L EDEANEED
BENSHD, SHIC, HMIBIRENAE - HEBICE >T5% M 580%EHLATHY . REM
FOT, MBEHENLENGE. BEOMEBEREGMELRY 535, TtV —4—LERY
BREICEALAH N3 DN EMBENE SHERATELZL, TOEHFRATLE >-HEH
HHTL 2MBEANREICEACLAD O, FIIZEENTLARNANS—4F UV RENTLE



5, CD=H, STYUDEZVFKRRNGEE, TITUNESL RET LB TORTHLARETH S
(H5), EBOREZBAHPTHETESE, AR METIFRIENTRETH D, TROEE O
HABATEHE, TL—REELFEFaXRMIMDLHELA, KYSEEICH S,

X5

A o AAAAA
AAAAA
AAAAA

4R FiERNA
-

. -

L

FEER R

TA7AF v/ —B/ERRETRAShTLES

B _ eIV —9—=A — Bm A
3 100 (Quartz-Seq2) 2 100 (Drop-seq)
40 40
W 80 W 80
= =
L gol L gnl —
o N
B R 40 2R 40
Ly Wy
L] 204 | 204
=) | =
o u.} ——— -
WBE "o s00 1,000 1500 2000 WE o 500 1000 1500 2,000

W/ i—2—-K =2 —F

B5. A) BB RICEENSA TO Y b, EHREEEZIT TR, MR, MAKE.
FBRNAG ENEFEN, BERBARXPCIA/O0F ¥y oN—AKTEH, Ehodtd—7 X
NTLEW, /4 RXERD, LY —AKXTREMBETY—T4 I TEDRH. Th
5DEAFDEN, B) BRIE)— FHOEL, 1#aT>/Fon-—FRZREL-TOY b
EHDHE BLY—F—ARTE., Fonf=MEKI<x L TERMIZY — FVENYT 5. BB
ARDGE. V- FRNEMBUNDA T I bES—7ALTLES 6, #ilg/NN—a—
FAZIY LB ToAT, TAy FARHICEAFILTLTLES,

WELE TS5 4 Y —#EREINzE—XNREIZHEEH, 1DDE—XIZHE L/ N—a—
FEMAMLETNIEGZSE D, SHICEFDLIBE—XZHEFAYULESHETNIELES
T. BEOHARECEET SDER#ETH LM, FHEMTNIEITI/LY 3 UPCR,
split-and-pool®, ¥4/ ¥ ORE EPCREZFIA L - AEP L ETHETE S, BFIE. mROEEE
BExy FMZABESNTWELDEFBAT 2008 —BHTHD, 5S4 T5VIZE-TIFH, R7T


https://paperpile.com/c/lWCIss/nlqHy
https://paperpile.com/c/lWCIss/txdPW

VETO—H52URTEBEBENRHY., TL— FR—AD2AEDL— VAR OEDODBBEEL
HEDTIEENDLETHD, RETEIEGRFENLLELLIK BT U REFEOLTH,
TL—bR—ZADFEKICEHT 5 &AL,

NEDHEUMNI, AV OMIEMTENI-IA VB F v oN—IZHRZFERL T,
WTARIGEITOAZVRESIN TS, CoDEMOFE - R&A - AFuREM2EE - ZE
L. BEEOMEHIRICHIG LWV EZEVEDZENEETHA S,

3.6. MAELEAS VT VI RIE

HABDHEA VT v X1t (Combinatorial cellular indexing) AR IZ DTk R 3 (R6), £3°.
96V T TL— MIIHMETEECEFENIMEE ZNENRNT 5, RIZ, Mg/ \—31—F
MM ENtz0ligo-dT TS5 4 I —CHIRNFEREEREZ1T 5. M/ A—a— K&, Yz &
[CEG->TWS, InFMMLTH, Yo /ILNOHEMBIEIE—OHME/A—a— FAifdmsh
T. 1#lEZRFNTELL, ZIT. 2V z/)LOHEEIDOF1—TJITEELIZER. BU.
BHREOIMEES VALIZNITIILTL—MIRY DTS, RIZ, 2BEEOHE/AA—a—F%
HMBERATSAS—arvd b, chizkY, FEAEDHBENELD2DO0HMBE/N—a— K&
D, ZMiRE(pool)& HE(split)Z#EY R L THE/N—a—FZ&mL., 1S EICEENSMA
fAN—a— N1 =—VI(24 5, COHEE. BE-DHESUYNMNATIEND
split-and-pool” & HLFEEN 5,



SO OIEO OOO

_ | oa

8o T

IIIE :I:l

R @@ %@ @@

6. fAAEHLES VT v I REODRAR., HTHREENAEENSVIIT, .‘ﬁﬂiﬂﬂ/\—:l— ~
AEMEN-BEETSAI—2FALTHEFEZ{T5, COEE, MlaZmMiEt IHiaNT
BEERIGEITI. COME—ET—ILLTHOBUHTHEEEICHEIL. YV TILICA
Nd, TCTHUHEBATNA—I—FEZETS. ChERYBRT EEMRBITEL S/ N\—a—F

DETA TV IRIEEND,

HRERS - BT AICE. HEBEBEEDORNAZRBICHOB L TIZALST. MFELTRES
NTWEIRENHD, FD=H, MARTNAN—I—FELAETAEE S, ZOARXH., 148



a5/ LABRZIZRAICIEASINE=DIE, RNAY—47 D RETIEEL, 203 F OB =585
ERETIIES /S VRDI—T VU RAFETH A2, inFE. 1HIIERNAL —4F U RKICHEG &
NSPLiT-seq& WS AEMRE SN2, I/ —a— FE SEREMICEEICHMTE 510,
HEAXKIYEIC, 1HIERNAL— U RiEEEH AL TESBERAEZMOTNS, —A
T. cDNAIZX L TR YR LIZEZT 516, ZHIRLZOEBDODRERTEL LD, TD
=6, BRMICBREEGETFRENMEC R YNRETH D, FHMIBIZKY., EHT HRNASFA
MG ENSYBMICHERIZCE YRS E, AEL LTHEORMAH S, Dingb DN
FI—V@X*TIE., SPLiT-seqDBREELFHIE. EHLDFEICKERTEVNIENREINT
W3,

4. 1¥AEBRNA-seq;ZD 4 EED [ L & 5

4.1. THEIRERNAS — 4 D R EDERE L &

Z 2 TIlX. scRNA-seqDEIEFHIBEDMHREIC DLV THEESHT b, scRNA-seqD EE 4 4 EEIEIE
ELTEEMN DD, TEEREIAREL DT T2O0EKNAH D, 1D21EHIBEEFICEBL-E
E(2, TOBEFATLZTLRETESD., EVWSEEOHETHD, FAIFITHEIELTE L
512, scRNA-seqD KRR TY TTARMNEES L, O—H U RSATSFYIZEBINTIC,
BERBNALEL S, RNADEES|, ZRIEE. #BEXIV/\VEOFE,. RILGLITLK->T, #iEg
ENBULEBEWVEGRFIH D, FLFEENETILTH, F28HDNAGHEDT=HD 2 X T H
BYLBEWGENSH D, FFXUJICRYLTEH. PCREEDRE TIENDELGTF & YIEIIEERMN
BWeE, O—HF2URSATSVIZHEBREL, D=V RENTRTENIE, S4TSUIZH-S
TWTHIV—HURENBZ T ELBRHSNBWEEEH D, Th o DREEXEEREORES
DFEEEZITELDL, ITNHZMABICIE. BRIGMEZSHY. RIERTY THEREDS
FTIENGEL, TNODIRICDODWTIEAIETCHEER LTz, BREFEMICIHEHY OBRE L-E&E
EFHRCEEEMRERZ Y. TORHEHD, RHESh-EBEEFHREHZ HRIC. B/XIC
KO TCRENES -OXENLETH D, RICERT 20F/\—a3— FEFALEFETIE.
UMIAD Y EH0OK Y REVERFEHZSON—RNTHD, LHL., BIZKRELE-EGFH
EMADEITTIE, RYICHIOLZNZH >E=RNADFEZHA-Ohbh oL, DEVYHARS
MHERE LMD LG, £2 T, buk RNA-seqTCHRHTE-EEFEEREAT-T
T. scCRNA-seqCHRETEEBELEFHERA DA ENHD, COFEEEINTHDILDODDIR
AT 2HXEDEL<. BHEZE-> TLWSFETHETRICTFHEN SN TR EIZHEY, Ch
NERICKELRAZHBLTLS,

2D BIE. HMBEADORNADFHEEREICEETESM. EWLVSFEE (accuracy) DEETH 5.
BEFEDEICENEITECERTESINE LS EMH S (frueness) &, ENFEITBEEB CEHEIT
EBMENS R E (precision)h 545, T TlE, JISZ81014JIS Z8103DEHE L EAL
1= scRNA-seqTld. RNADE & PEFINDGC%, —RIEED E YT 4 EIZL YPCRIE
BORYDELD, CNHAEESIFFRVIEI2EREL D, FEEZRLIESICIE. &R
CNEEEHZY. RIGATYTHERBLTENEDITHLIMN., 2FN—a—FEZFATS


https://paperpile.com/c/lWCIss/8FWpA
https://paperpile.com/c/lWCIss/MsSvT
https://paperpile.com/c/lWCIss/5fvZN

CETHETES, ROBTIEHDF/ANA—a— FEITOWTHERT S, BEZHATSICIE
CVA2-plotORT Y U TAD T 4 v T 4 Y EFIAT B NS,
1#IAERNA-seqiEDHREE LT, RIL—T v kDB S, CZTIEWLWK DOMBEEZEDCSHLD
BETS4 T3 UEENTESLD. LVLSEKRTHD. RIL—Tv FEaAX EOFHEDFER
BLWbHEH=H. TEMLGIEEREETHHIN. ERICERZFTETS5ATEHEETHA S,
TE2REDscRNA-seqiATlE, V—FOBEBEEZFIAL T, TORERODON—FRZFHET
%o HOWHRNADKR ST ZE100%ICERIEL. BEEHETED SO LD —7 R ) — FHEHE
(HBE)T 5H. LVWSEETHD, TL2REILEGRFEEIC) — FHAEET HH. JWmETES
sE B scRNA-seqiEIE3MRIC ) — MR D, T2 KA scRNA-seqz EfE L 1=fFIZ. RNAD
BENELRNADRDEL TS EEHL, WTAR S EL LWHEWMESRE, COTOy FAEN S,
BEFORIZERIELI=-FOY kZrelative gene body coverage plot&FESR, —F ., BEIZFD
RS ZEHRIEE T ICYEM LR EH % XEh(ZE Habsolute gene body coverage plot& FESY, #
FE07OY FMEEBORENEDEES FEETTLAIMHIHTHDICHEITH S,

42 FBERLEDE-OHDHF/N—a— K&

1#IERNA-seqiEIEIPCRZ EDIBIEEZZ WS-, D FDRIWPGCCRAEEIZK Y IBIFERIZE
METLFEL., 2 FHEEDHRENMEDLN D, TIT. RNAYLCDNALGZEDHF T EIZ, o
——/- 7ZDNAEESI, HF/N—a2—FZDIFTI—4 VRT3, “hIZk-T. RICPCRIElE/N
ATREET, BEOPFOEFEELEALEHL-TH, PFN—O—FIZE>THIETES, Ch
[C1THIBERNAY — 7 D REDBGFHREREEEZ M L TE 5(K7),

DF/N—O— FEIE. 2003FE(CZDEBMNMRIBESNATHE Y, FodorsRIZKY., [FLHTE
B-RESINLE, FN—O—FERHETIAXELT, 220FENH D, 121%. HERE
RIGDEEIZ. cDNAIZHF/N—a— FZ{F59 5 AKX T, TaipaleZ K &LinnarsonZ KD [ET
MESNTWNEY, BoIEX. ¥HTHF/A—3— K£UMI (unique molecular identifier) & FETX,
BICRAAXF1HERNAY =7 DR ([CEE L2 EM L, 1HIBERNAL—4 D AT, UMID
FARAS v —HBREVATH D2, WEDIHBERNAS —4 U RiEDE < T, cDNADSKiHH L
IX. IXRIHIZ. UMIEESIZ{H 5T D, UMIIZEK YPCR/INAS 7 RAZEBREL-)— KX, UMIA D
VhEFEEFEN, D= o —IZKYBRHEINIMRNADF L FZEREZREEZ OGN TLS(ET)

£ 5120%. BrRieani=4/ LDNA% L < [EET A 1E S =RNAD 5 1E 5 f- Z AR EHCDNAIZ
LT, DNASA 5 —2a vtk YHFN—a—FEFIFE5A5KT. FodorSREXieSHRMD
WESINTLEE?, 1#IlERNA-seqTlX, RSN T=cDNAIZX L TEIEFTIIZS A4 — 3>
EFIS5ATYTRIBEELEL, BMELRCDNADS A 7 — 3 VIFHENEL, FRIICPCRIENE
BELPDBEIZIE S, scRNA-seqTIL. PCRIBIEDIX L DEZFRF LT I=HDHF/A—a— K& {
MLE=LDOT, PCREIEEDCDNAIZDFN—O— FESA 45— 3 0T BRI LV(ET),

RIZUMIDR % FFET 5 55BN T 5(R7). R7BTIX. Quartz-Seq2 TOUMIDFHIEZNE
ZRLTWS, 384 wellD&H o )LIC, FE LML N /LdDtotal RNA(10 pg)E AN T, &
EFHIREDOBRE O HIMIL S D E(technical noise)ZEHEI L TLV 5, XEHIZIX, FEEFDFE
MEBEE, YRIZREGFORKREDIES DT T0Y 952 £ BCVimean plot& FE(EH
5. RNARDFHDIE S DEFFEBRMICIERT Y UoRTIHKS, R7VY DD LERINDHE
FEHIE. CVimean plotTIE., MAROERICHET 5, TD=6H. EfiE/ 4 AHNELE


https://paperpile.com/c/lWCIss/dH7c4
https://paperpile.com/c/lWCIss/ReFbP
https://paperpile.com/c/lWCIss/Iq7Eq
https://paperpile.com/c/lWCIss/R79W1
https://paperpile.com/c/lWCIss/dZik8
https://paperpile.com/c/lWCIss/Iq7Eq+hc6M1

niE, FRENTAKRIZES, Quartz-Seq2’MEAMETIE. UMIFBEER CHLEMHUZIESDE
ZDH0, Chidd &4 EPCRIEIE/NA 7 ADEEICDHRNZ EERT, 512, UMIBEETS
BERTYUAMDEBREICIFIFELR D, 2FY. UMIZFIAL TEMTMWEZIES DEZIFIFTHE
FTENTE, FEEICECFREANDEERINEWVNLEETT, ZDEKS5IZCVimean plot% F|FH
THIET., BIEORZOBEMNRILSODEZFMETE S,

a
) il i) 1 A
Fodor St Xie S Taipale 271 / Linnarson 5 71t e.g. STRT2, STRT-seq-2i
(Fu et al. 2011 May) (Shiroguchi et al. 2012 Jan.) (Kivioja et al. 2011 Nov.) 5 type U ARNA
7/ L DNA RHA K1) A RNA s
5 3 e | BIEBRIS +TS RIS
5 — y —~-ninn3
HEERCLD \LRNA [l x4 AU dT | PP SN TTT dica)
‘1’ iRk e =85 3 J/template switching &\ J| @_ﬁﬂi\" 5
— A, - - 2 .
¥ s by P S NI 3 !
’:;—3_9 g 5 = it Els__|5, e.g. MARS-seq, Drop-seq, Quartz-Seq2
- —_—
\lo' SA4—vay 3_:—35 b emffate sthchlng = 3 type U A RNA
: P I 5~ o -
¥ (B E T . 5 ~
g SA T3y =
P lvm———"VA], B . \T i B f\_a:.‘;,‘/ ITTAS] HEERG
VB T iy > @‘ % RN ‘J‘
W METy o v 1 5 /
ED]} '::..::ﬁ Ha] " v S W& 3‘,\_‘_\_’1.;."..}.@@@5
3
b)  umismEs _ UMIHE# ) = 100
% Quartz-Seq2 % Quarz-Seq2 %‘tuu z 1 #BRRSB 10
O (10pg total RNA, n=384) Q (10pg total RNA, n= 381_4|) L g E?F' &b 19 25 pg total RNA
R S % !
] -~ | , |
fy ey Q10 2 e -
0 | y | [ 2 60 R s0f B
% w1 | o 2 B a7
S 10'1 8101 ' | J_ 40 N 40 815 1.7 pg total RNA
- 2] ! 3 S | Quarz-Seq2F—st vk
ﬂ10li df“)'i ' ‘rD 20 S 20 uarlz-Seq27r J,
| | R 0 Stromal vascular fraction
ho b | B g J1 ESKBAa
1&10“ | J;z . 1"_!1%10J: ‘/ 1/? 55 0 B+ i
’ 10° 10° : T 1o 10* 0 100 200 300 0 005 01 015
qzi’]:.ﬁiz:?%iﬁi Wiﬁ:ﬁiﬂ?%iﬁﬂ i/ —2—F 1 #Bla sz D OF9ERA Y — l‘ﬁ (x10°)

7. 1#fERNA-seqi% & 73 F/\— a2 — FHiT
a) TELHF/A—a— FEITE & C1#BERNA-seqiE~ADFEN, b) HF/A—a3— KIZ& BPCR
NATZADER, c)UMIT 4 )L —FL1AH-YIZTHAI oINS ) — FEORER,

4.3. #F/N—3— FZz AWV REBRBEOF A MEEOTE

UMIFLEERIZED U —FADO Y FOLREFRDE, O—47 VR ) — FENBEYITH > O FIETT
Z5H(E8), COLEF. 1AL DEMRNAGFHOL—4 VR ) — FRITIKET 5, 1#Ra
H1= V) OFYtotal RNAEHS. 1.7pgdDstromal vascular fraction (SVF) & 25pgDESHIRE DG E
SVFOAMN., BmHENAUMIB DY AR BaFIL., BRBCEENESL D, UMIATI Yk
MNEFMLTUONE) — FEA+RTHLZ BN D, T, EVEREZFD1HERNAL —
TOREKIFE. HENTMYIZCL, ELOMRNARFEIRZADND, TD=H, O—7 VR
EDMRELLRIZCBLFATE S,

EHARTHBARNAL — 7 D AT, 1Hilah-YICERTES Y — FEL., KR
RNAL—/7r DR EHE LT, 1100, 9105 ) — FLUTELGLLETHE A4 (F3a), £h
Fo—TRARMEMZAE-OTHD, TD=H. Bont=>—7 R ) — k&R <F
AL, BREOBEZRKIETLICENEETHD, ECHMN, THFETITHALR-LSIZ, 1


https://paperpile.com/c/lWCIss/nlqHy

HEEE) — KO, PCREEICLKD ) —FHEEKRALABERT, >—4H X —FEoRLTWL
<,

% Z T. UMI conversion efficiency (UCE)*& L5 EHEEIZET. EnfZITRR%GE <) — FZEFIA
LTWBhZEEEILT B(R8B), ZDHFEIF., P —4H U RENETRTDI—FDS556, ED
CHLMNUMIASD Y MZE#RENEHERT, 2T, UCEZAVTHRLZIMBERNAS —4
DREDHRET M EIToBIEEITE, T, HOWIEBREHZERICHHE T, UCEFET
BL1-, ZOHE. Quartz-Seq2hZELEHWLWCEERL., V—KZMERBFEZ TLV=, UCE
NEWVWEZKDEEOMRNAD FERHETE D, TOHRE L TRE SN ZEGFOEEHD
% < 72 5(H8C), Quartz-Seq2ld. HWVRHEBEERFHER-I-FF. EHOMBEEMHITTED
=&, FOGMBOIRECHAMEELZEHTIEETH S, CDKSICUCEEZFIATNIK, 1#ii
RNAS—4 U ZEDBRRELZTOMERELRTES, 1=, 1HERNAL—4S U REDI—H
lZ. BENMTOSEBRORETENITA S0, EBRIEICHETLIOLLNESLS,

RIZHERT > FO—JLRNAIZ &K D 1HIFERNAY — 4 V ZEDFHBEIZ DL TR B, 9, K1
ASED D UN-92FE5EM 4183 > b O — JLRNA (ERCC spike-in RNA)E & 55 L HRO =-2F 12
(TREL. 1HERNAL—7 VADRITEASE S, ZORNAL, MlBOREICEEINT(C
BiIgIhd=6H, EROI> FO—)LELTHATE S, N8> FB—)LRNADS0%H i HE
3 (50% detection probability) & LN S FE1EZE S & T, EEBROZTOFEDOHEEFTFMMNTE 5,
F9. 2O FO—)ILRNAOUMIA D Y FEBRHTERLAESHD2EIZT %, R
2. AnLf=5+E8a > b O—JLRNA®DCcopy#EXEIZ, 2fElLSn-UMIAh D> FZYEHIZ92R %
JOy b9d B, 2OTAY FMHBRNADSO%IRE Shi-a E—#ZERELUTESE, RNASFDHR
HERFRET S, CADMBEITNRIZEBEWVZEE, DEVSFRERETE S EHIERT 5%,

ZOESIZHERa Y FO—)LRNAIXTHARNAS — 4 Vo XD RS - REFF@EICFIFA I B A,
ZORAIICETREIFENDETH D, £9. RISAREIZTK-> T, SHEa3> FOB—LRNAD T
SHMAEEEMRNAK YRH LOTIMGELHS L. TOFEEHSH(EBC), Fi-. 1#laH-Y
DAHY— FHITIKFEL T, 83> FO—ILRNADBHE ANEL S, TDEHY) — K xR
BIZRIZ THET IBENHD, 52, s8> FO—)LRNADRHE(E, 14 L Dtotal
RNAEIZIEEIZEUMKEMELH S (R8D), =< SANDENIE I FO—JLRNAZ AN,
ZTOEETEENMNTT—2HNEBLLHS, LHL., 48> FA—/LRNAIEMAY N —HF DR &
. MEBEEMRNAORHEREEITNS Z LI Y ., AREETHD, COKSLBEKRMEE
ADEDNF+R T, Fo K BHLMBECELETITHONIZ1HERNAY —47 U REET—4
Mo, a2 FAB—ILRNADT—REZITHE L TVWSMXAZCHAIN, CORFICTKE
WIRELZFHBULT LS, Ak, MY -0 OFX1MEEEMRNAOERTHY . Ao bO—)L
RNADBHE A TIELEL, £, 483> FO—/LRNADDEDBD TS —MNEFET 5, +5I
FEEDSL'scRNA-seqDIBE. CONEIT—DIESNKEL, BEDIESDETEHAZCHE
a2 FA—/LRNAD XS DEDEEMA>TLES, X470z )LTL—FERTEAL
Droplet® MscRNA-seqTIl&., # &> FO—)LRNAZMZ Z2DHNRELIEEICRETHY . %
LZLFATELG L, UEOEAMS, a2 FO—)LRNAK Y 3, HEHEEMRNADKREH
HhERLHZIENPRENTHY. ERLGHREIHEETHA S, 483> FE—/LRNADFIAIES
BERINBNESS,


https://paperpile.com/c/lWCIss/nlqHy
https://paperpile.com/c/lWCIss/nlqHy
https://paperpile.com/c/lWCIss/3DSKs

a) & 10 b)
x . . ST UMIse
= Qie rer— o UMI conversion efficiency =
£ 08 IR 1 HHRE (UCE) > fastqsc + fastqnon-sc
’-IL - HIEODYU—RE
D 06
i 1R s 0
& 051 . L — R4l B it o
% sl s FETBU—R Ah R D2 UMI DY -
};e}— 0.3 !‘z\ 107 55 fastgsc x n (UMIsc x n)
o 021 \L fastqnon-sc
‘Ef 0.1 oo Ox OR
0 . . . - . ; : .
% 0 2,000 4,000 6,000 8,000 10,000 PCRE#E—R,QILFIvIU—R, #?‘y =K,
—  NextSeq500 ¥—4oYH—13UT BN C PO r v Ehd U — R, BE
C) IRITT 2 1 {HRR D
- 50 8,000 - e 1,000
= ﬁf 7,000 1 ; ~ B —_—
3 40 1 g 0 = % O
c B 50004+ : o
I i & £ oo -
= 3 5,000 S o
%5 301+ ® i ® o = & ;
c + 4,000 @ & & 9 pa Lo 4
LR P T e ;
22014 3,000 £ %
: & fé W'Eﬁ —gc_’i? 1 %&a + 4
S 10 - S ; & 2000} = —
= E 9 & 2 & 1,000+ 85
) — R
0 . ; ; ; ; 0 . . ; . . e 9 : : . ) .
0 01 02 03 04 05 0 01 02 03 04 05 b By 0 01 02 03 04 05
1 MBRRH D DFEAY — RE (x10°) 1 $BI2H 7 0 DFER Y — REL (x10°) 1 #BRad 7z D DFIIERE ) — R (x10°%)
d)
J1 ES #@A3 (2i/LIF L2 ) o 24, .
Quartz-Seq2, Day1 Bs 1 SCC:0.9602 HLES RS (2iMLIF)
) o _ » 20
Genome Biol. (n=1,152) Nat. Commun. mcSCRB-seq % 1
2018;19:14049. Quartz-Seq2, Day?2 2018; 9:2937 (n=32) & 15
X (n=768) 8 ] GBGR ES #fii2
< 12
CEL-seq2(C1
l (”:715)9q 0 Cell Drop-seq (w ERCC) % gi 10 pa total RNA
SCRB-seq 2015;161:5 |~ (n=75) o] §10pg
Mol. Cell. (n=84) ’ELEI_I 41 Stromal vascular fraction
2017:65:631-4.| _ MARS-seq il
(n=65) &)@0
Drop-seq (w/o ERCC) LR 0 3 6 9 12151821 24 27 30
(n=76) 1#8f2H's D Ftotal RNAE (pg)

8. S N 1HRERNAL —4 U REDEEMEE

a) 1MfEH-YICEREINB AN — FEENextSeq500 15 > TRITT M ORER, b)
UMI conversion efficiencyz 4 £ HHFTER c) ¥V RJ1 ESHIfEaZE D > F-1HllERNA S — /7
VREDIE, d) Quartz-Seq2(ZH T A 5 Ea L FO—)LRNADRHEER I E—# & BTxR
D #RaAE Dtotal RNAE D EIIZ,



5. 1#HRERNA-seq;ZD 5.
51.fifa7 b5 AHEE

NA Z)L—Tw FEIscRNA-seqZiFIC kY., HE. £ F2MRE ZIN&E 3 SHuman Cell
Atlas®’ E WSEKBRITO Y AR A—bLTfz, 2OTOP Y FTIE, FiE. M. DB, 9
HRE, M. DNEEERLLIERDIHMERNA-seqD T— 2 2B T HEEHBATOC> Y +
Thd, £ F2HET FSRADERICK > TEREDFEROFIERM R ENERT HLEHFSN
TW3, CO7O2 ) FTIIEBODENTESH., RNADIIHLA L —7 VA TELZLD
T. RNAEF[ET—E2R—RIE NG VK ELREEL H S, RamDA-seqlEZDBRODVEDE
H5, BaHARDscRNA-seqlE3'Tm LM —4 U X LWL, WTARIX., 2&KIZHELCDNAD
BONTWD, 22T, CODNAZEMDNAL —4 o H—THEE T & T, polyA RNADH T
HnlE, ERIGEWVESI 2B L3 TES, NABREDY U TILTREENEDHRE TH
ERICEFTLOINLEVSHEELNRELHY .. TDFZEEFID &S IZ2REH T scRNA-segh'F
MG BHZH5,

5.2. ZR{K1HERNA-seq

SEDOTHBARNAY —7 D RAZEDFEE E LT, SRADIHMERNAL —7 D A EORENEE
ERBEAS, FIZIE, REDHERIIPOKR—F, BRI Y-V TR ETIE, HEHIOGH
FHEEDOY > TILIZxtT BscRNA-seqhBEIZH > TL b, BHEAR1HBRNAY —4 U X ik
F. =K SADIMIRZERFETTE LS. TICHELMEERLE LTI, PEOBRAIGEETH D,
HHHOHEDBRAEZTRTIHBERNAD— T D RTEHILITR#ETH D, TNEHLHIEERE
PRI BETE LT, Cell HashinghMZ2E S TLVS32, Cell Hashing(RI9)Tld., #HilaRmIZHES
THARAKICRARI ERA S LI A =—Y /NN —a— FEHZE L DODNATS A I—% 5L
THEL, INTHIEZEZERLZE. REATES L TIHIERNAL -7 VR Z2ERT b, OF
Y, RAZLICHBZEREITNE. BADOEBTREERIETESLEWVWS2LETHD. CNIEE
AKN—O—REFRTENTEESTHD, COEME. F12F1H. KE2UNVEZENE
LEAEFRAL, REZ VNV EDEBEPELE FS VRV ) T h—LERERKICIMBRTEHEIT
ZACITE-seqZGALERMTITH S, ThIZE Y1002EDRIATO1HBERNAL —4 VAN
AIREICAE o f=. MADHIZ, NI FIEEYWH OHRIRICIEDAENSHEEPEFE SMULTI-seqb
RBEINTLS, splitand-pooliZd - SADMBE S —47 2RS4 TS VLT EHFETHD
N, ERAEADICALARETH A 5,

—7T. Cell Hashing#®>split-and-pool Tz SADS A TS UMERTETE., 1#HlEHIY
D= 2RS4 TS )DNASREBED S -4 XX MY, E&EIZTHE->TULVS, 100041k, 1
AEGETIHIEHIZYVI0OA) —FAREL G S L, BREIEAULIZEY . BEMTIXEL,
S&. KYSHAGIHERNAY —7r VR EZXRBRT BHICIF. RIGEV—7TVXATR A
1/100-1/1000(F EICE BB H D155, SHED S L LEHEMBRICEAFLIZL,


https://paperpile.com/c/lWCIss/uuhL1
https://paperpile.com/c/lWCIss/quoUi
https://paperpile.com/c/lWCIss/NJvEb
https://paperpile.com/c/lWCIss/m45GB
https://paperpile.com/c/lWCIss/buch

K9 Cell hashing

»-8. P
8’ -0~ gé *66 o - ?::..:"

Ny d4ug . s
D] 1 b - wigle
B’k ek 35~k HEORE HROERANDHUAS T#ilERNA-seq /N\v¥alc&2BREOHEE

B9. Cell hashingiZDEXE, FRIKICHREATERET 5. HUKIZIETR Y AFEDDNAN—I—
FAFmMEN TS =6, MIlBEZESLTRIGLTH, N—a—FZEVIZHBTE S,

5.3. Mg R:E - ERHECE

CNFETRHBN LI-1HERNA-seqEE TR TIHBEZ S VA LIZHBLTHAL O — T VR EE
e b, TORHOHBEMMERELEREEDHERIIEIHONATLE S,

WTE (X, In situ RNA sequencing T & % STARmap*¥>Multiplex FISH# i T &% 5 MERFISH*
+°. seqFISH. seqFISH+®¥MFZE L. 2RTEE SN TV S MBEOHEBU RO L TEDER
FRRBELTLEIMNETBITEDKSITHE>TERL(R10), CHIZKUFILA/ A FDEIHS
EDESBEBEGEFHIREBRLTVEINZRARDIENTEDSLIITLDEZS S,


https://paperpile.com/c/lWCIss/HfkJg
https://paperpile.com/c/lWCIss/t0Tnv
https://paperpile.com/c/lWCIss/ftTib

E10 ZEER7OA7 71

1 24 7O0—7
1 4 1 4
22— 3 2 ——" 3
RNA
1. 70— DN 7V 5—tE—- 3> 2. \—=3—Ff{t 3. 71—FK
459V R
777 S—a— k{59 R
o % o 1234
°® ® ~ - °o® ——> Genel ®
o o © o e .1 ® Gene 2 o
RNA  #iEa
LI —REES YUK | '
H AN a i Gene 10,000
2 — 3

X10. ZMFE T 07 7 1 )LD iHAEseqFISHHEDER R, EnFH-Y24BENO TO—TH
HREtESn TS, ETO0—TJICIF4ABRORERLSNILENT-DNALEE T 54 D H 5B, =
DES5KTO—TEHTFISHZETL., EEEFTHE T, 1HEEFDFISHEERHRTE

S

Ffz, MBREEOREEZFTRTIHENMERESIATNE®, REBLLTIERELYT / LK
KREMABMZ I VNI BERIZHIToND, RVITHEKRSNI-GESTALTEIX. 7/ L EIZHRE
#XAT H/N\—a— FEFIZHEAL. ZTOEINNSHESEORELHETIHETHH(E
M) 7/ LIZ/ P4 SINFZEIEF VNI EDOIUTRIEEIZ. gRNADIZMERS| ZEE I~
FtDZEN—aO—F7 LA RS, COMBEIZCasIZHITES T L., 1A E(T/A—a—F
FLAICSUALBERNADS, THITEH-T, EMaN 1Ml EICEGRS/NN—a—FZED
&I B, EARFEECHEIESER., N—O— FEEE—5 2V XT %, U=ERHl%EF oM
EBF - mkBARICHLAEEMEINS .. BILRMBEHERLCLERET, MEREZHEIIENT
£%, CON—a—FEFIIE, BAEFUNVEDOIUTRIZO—RFEINTH Y. mRNAL L TER
BELTWS, £ T, 1#ilEaRNA-seqCNbDMEEL—4 2 RF3H52ET, 1HilaNS VR
)T b—LEREN—O—FERIBFICO—FTVRTED, DFYMEE &L REFBRFREREIC
HElTES, ChoDEMIEBEIIEREOAILA/ 4 FTEHEREMNICIIEEATRRETH D, 5
FIDESBEFEBECREFREBDICETHILA/ A FEFALERE - BREBEDERE
NELEA5,


https://paperpile.com/c/lWCIss/b04yH+H9t6z+bzUrt+VfV56+If0fO+yiwSu+uVLnf+MDdU0

11 HRaREEAET

CRISPRZ—7'v h7 LA

v N\ Voo
N G AN
v N\ _j__}

+

X 11. #Re REERITAGESTALTORKE, 7/ LIZ, 10f8EDIRNAD 2 —/7y b4 &8
AT b, CDE—7 Y 7 LA %EJRNALCasIN S VA LICERZAND, RLER/NF2—Y
EROMBIIRERRICHIEEZ D,

5.4. BT EEF~NDIES & 1HIIEZRNA-seq

BTFMNSHBD1AERNA-seqN LB IR B IC LA CEETE D K ST 21z, TDKSITHE
BRPOEBREMOLENT, —EICHFIOBAY U ITNEHATEEIFERIFEAELL, 1
#BERNA-seqZ REH U TILEHAIZ E LTIRALGETHEAH S (H12), HlZ L.
CRISPR/Cas9IZ & B BIEF/ v I 7RS4 TS)IZ&->T, 1A EIZS VA LITEIEF
ZVEDTDOHIEL. 1HlARNA-seqZ EHET S & T, HFI BB DEGTFHIRE TDHE
BEDORSURY) TF—LEIEDRBTELNEY,


https://paperpile.com/c/lWCIss/dtNqZ+F8axa+vIVdy+eUNSe

12 i@#ErIRE) & scRNA-seq

CICSH B
OO Yo © %

B12. Pertub-seqiEMEXE., CRISPRZ A 75 IR ARFEDDNA/N—I— R EZHAHRAT,
CDI7A4TZ ) EHBICREREEIEL L, MBS EICRGIERTFICEENBASNS, COHM
faZ1#ilaRNA-seqd 5 C & T, EENEEEELFLELTOHERTHIEGTFRETIO I 74
IWOEILZEREIZEHATE S,

55. 1< ILFAIvH R

7/ LERIOEHCY AR FUEE, 7O FUOORBMER S, BEFRIREOH EIZE
HoTHEY., MIESEIHHENG/NNI—2ZRT 26, 1HIETEHBTEAE, MEEECZTD
BYILEDERNFEED, 2015FCIE S VARE—RADEAMBE—T 2V RTBHIET,
5 LORKEEE S —4 > 2T Bsingle-cell ATAC-Seq? %' hi& 18 L 1=, 2013-20164FE(IZI1Z. 1
HBDODNAA FILEZE O —7 VR T HEMBARFE I N2, 2013FEEMS 1B LI/ BT F
COEAMBEERE T DH-COERZITI AEMNRESNIADIY, 2015FIZIEHFEDF >
INDELRT 7 LDEZIZHEET D0 E1#a Z & 25X Bsingle-cell ChIP-seq®A\BHFE S f=,
WINDIHIIBTES /) LDL—7 0 RiEL, ERBEOMET. ¥/ LE2EKZEICHN—LT
WAHEFEART. SEROEIMEAFRODREENEAF SIS, Chromatin integration labelling (ChlL)i%
FINFRERTIBEEDVLEDTHD®, BHEDF VIV ERKIZ LS VARE—RDIEE

A rEFMLTEE, VAIFUOHOHEEY A MI S VRARE—REFHASE DL, TR
RE—RIFZ NV EHEYA FORBIZTITTOE—L2—%EAT 5, TIHLIVIEITL. F
DRNAZFZOIE. F NV BEOHEEY A FNEABEL— T VATELEVWSIAHETH D, chlE
MEOHMBMNLERETE., TOYEDLY /) LOAN—FLFL,

A DEHRIE. DNA-RNA-Z VNI BE VWS BB TRBMNMEESIN., HENRRT LS5
VEILEFTINHD, ChoDERE1DOMBAARERICEERET S LT, FREDERER
ERITCED, CNEIHBETILFAIVRERER, £, ¥/ LEBIE RS VRY Y T =LA
#RIBFICEHAIT % o —4 > X %KG&T-seq, DR-seq, Simul-seq, SIDR-seq >SN &H L=, &HS
& L TIH1#RARNA-seq & 1T L T1HARAS / LDNAS —4 D ADRIMLEBLTE-HTH
B0 212 LA/ LBHIDAN—FRFIELLHLT/ LOIE—HZROHEHRICEEFY ., 118
BEHEMTOMBHLGTEBRITICHEZ 2R TEHAL, RIZ, DNAAFILIEE RS VRS YT
b — L DREETAE 1T S AikscM&T-seq, scMT-seq”  *MEFE cht-, ¥ O<F IkEE EDNA
A FILL ZRIBFIZHEHE T 5 A3%scCOOL-seq, scNMT-seq °P £ IBE SN TLVSD, DNAA FILiE
EHICERFIZERKT HscMethyl-HICT HIBE SN TWLVD, =L, 1HIlELRNILDOIEYS / LA
V=T UADBRENE L, XEORMAEZE-TULVS, RNABREZ VNV BEDIEE. HHL


https://paperpile.com/c/lWCIss/kYgNK+8FWpA
https://paperpile.com/c/lWCIss/sykuy
https://paperpile.com/c/lWCIss/rmCwv+BtL4m+ih1tt+tUW1u+7enTu
https://paperpile.com/c/lWCIss/IVzeN
https://paperpile.com/c/lWCIss/1pH1K
https://paperpile.com/c/lWCIss/xgm0X+hSOho+WlZ8E+83VTu
https://paperpile.com/c/lWCIss/M7HkR+czoYh+mnrMF+4egLT+VHmGp+qFL3X+6aa7s
https://paperpile.com/c/lWCIss/Ejdxp+9tcNv+zZ7Rv+FCqof
https://paperpile.com/c/lWCIss/r5cZn+yGcJB
https://paperpile.com/c/lWCIss/yJX7

(= ZRIEFICEHAIT 5 i CITE-seq > REAP-seq 7z EX 7 ONEIG LAY, W@ENL—47 >
ARMEFMALEAEZE LT, ZERAMNGHLDREFELLZL,

5.6. &1L 9 5 1HIIERNA-seq

RNAZ¥ CEE LKA REMHER T, —2IX2 /XY BIZERI . —EIERNAD E ik
5, CINETIERUVRNAIZDWVWTOHERL TEFH. microRNAZ1#IlA T —47 VU RTBH5F
FERESATWS, FEREMBEEIAVORKEETHBL. ThThE 1/
RNA-seqd % FiESINC-seqb IRESN TS, F-MEZEEERITRNAZ/NILRATIANILL,
SRIVEENI=-RNADHEZ L —4 VAT BT T, IERNADH E1E % 5 FiKscSLAM-seqt®
NASC-seqH IRE SN TULVE%8, %K(Z#E4 L1=RamDA-seqlx. JEFRJARNA®A > kO VD
HDELpre-mRNALIEZ 515, RamDA-seqTIEZRNAH KT Fib S TDNAA AR Eh B,
1HARBADEL DisoformZEIR Z B(2I1E. 17 FHEATRNADEREZ S —T VU RTHIBELNH D,
ZD1=HSmart-seqiE E RAHFEDRETARLI=cDNAZO VS ) — RI—4S oY —TL—44 U R
9 5 FARAGE-Seq+°ScISOr-Seqt IRE SN TS, T & S5I1ZRNA-seqTH->TH. %
BAFENMREEINTE Y., 1#iE L NJLORNARKE (RNA processing) DIBEICERT 515
Do

6. HEF
HEHIBDR BITD 4 UN—OHRHRE L EDBEROKRICHELNAENEFTATEY ., B#T
2o

7. Reference

1. Ozsolak, F. & Milos, P. M. RNA sequencing: advances, challenges and opportunities. Nat.
Rev. Genet. 12, 87-98 (2011).

2. Sasagawa, Y. et al. Quartz-Seq: a highly reproducible and sensitive single-cell RNA
sequencing method, reveals non-genetic gene-expression heterogeneity. Genome Biol. 14,
R31 (2013).

3. Sasagawa, Y. et al. Quartz-Seq2: a high-throughput single-cell RNA-sequencing method
that effectively uses limited sequence reads. Genome Biol. 19, 29 (2018).

4. Islam, S. et al. Characterization of the single-cell transcriptional landscape by highly


https://paperpile.com/c/lWCIss/subLi+dIqdc+NJvEb+2GnTJ
https://paperpile.com/c/lWCIss/thDNO
https://paperpile.com/c/lWCIss/3CKLB+RSEWc
https://paperpile.com/c/lWCIss/dH7c4
https://paperpile.com/c/lWCIss/inWK6+AuBX5+DgooA
http://paperpile.com/b/lWCIss/PZoWr
http://paperpile.com/b/lWCIss/PZoWr
http://paperpile.com/b/lWCIss/PZoWr
http://paperpile.com/b/lWCIss/PZoWr
http://paperpile.com/b/lWCIss/PZoWr
http://paperpile.com/b/lWCIss/PZoWr
http://paperpile.com/b/lWCIss/hGC6V
http://paperpile.com/b/lWCIss/hGC6V
http://paperpile.com/b/lWCIss/hGC6V
http://paperpile.com/b/lWCIss/hGC6V
http://paperpile.com/b/lWCIss/hGC6V
http://paperpile.com/b/lWCIss/hGC6V
http://paperpile.com/b/lWCIss/hGC6V
http://paperpile.com/b/lWCIss/hGC6V
http://paperpile.com/b/lWCIss/hGC6V
http://paperpile.com/b/lWCIss/nlqHy
http://paperpile.com/b/lWCIss/nlqHy
http://paperpile.com/b/lWCIss/nlqHy
http://paperpile.com/b/lWCIss/nlqHy
http://paperpile.com/b/lWCIss/nlqHy
http://paperpile.com/b/lWCIss/nlqHy
http://paperpile.com/b/lWCIss/nlqHy
http://paperpile.com/b/lWCIss/nlqHy
http://paperpile.com/b/lWCIss/mvxGv
http://paperpile.com/b/lWCIss/mvxGv
http://paperpile.com/b/lWCIss/mvxGv

10.

11.

12.

13.

14.

15.

multiplex RNA-seq. Genome Research 21, 1160-1167 (2011).

Ramskaold, D. et al. Full-length mRNA-Seq from single-cell levels of RNA and individual
circulating tumor cells. Nat. Biotechnol. 30, 777—-782 (2012).

Picelli, S. et al. Smart-seq2 for sensitive full-length transcriptome profiling in single cells.
Nat. Methods 10, 1096—-1098 (2013).

Macosko, E. Z. et al. Highly Parallel Genome-wide Expression Profiling of Individual Cells
Using Nanoliter Droplets. Cell 161, 1202-1214 (2015).

Hashimshony, T., Wagner, F., Sher, N. & Yanai, |. CEL-Seq: single-cell RNA-Seq by
multiplexed linear amplification. Cell Rep. 2, 666—673 (2012).

Hashimshony, T. et al. CEL-Seq2: sensitive highly-multiplexed single-cell RNA-Seq.
Genome Biol. 17, 77 (2016).

Hayashi, T. et al. Single-cell full-length total RNA sequencing uncovers dynamics of
recursive splicing and enhancer RNAs. Nat. Commun. 9, 619 (2018).

Jaitin, D. A. et al. Massively parallel single-cell RNA-seq for marker-free decomposition of
tissues into cell types. Science 343, 776779 (2014).

Soumillon, M., Cacchiarelli, D., Semrau, S., van Oudenaarden, A. & Mikkelsen, T. S.
Characterization of directed differentiation by high-throughput single-cell RNA-Seq. bioRxiv
003236 (2014). doi:10.1101/003236

Klein, A. M. et al. Droplet barcoding for single-cell transcriptomics applied to embryonic
stem cells. Cell 161, 1187-1201 (2015).

Unger, M. A, Chou, H. P., Thorsen, T., Scherer, A. & Quake, S. R. Monolithic
microfabricated valves and pumps by multilayer soft lithography. Science 288, 113-116
(2000).

Thorsen, T., Maerkl, S. J. & Quake, S. R. Microfluidic large-scale integration. Science 298,


http://paperpile.com/b/lWCIss/mvxGv
http://paperpile.com/b/lWCIss/mvxGv
http://paperpile.com/b/lWCIss/mvxGv
http://paperpile.com/b/lWCIss/mvxGv
http://paperpile.com/b/lWCIss/mvxGv
http://paperpile.com/b/lWCIss/5IMmC
http://paperpile.com/b/lWCIss/5IMmC
http://paperpile.com/b/lWCIss/5IMmC
http://paperpile.com/b/lWCIss/5IMmC
http://paperpile.com/b/lWCIss/5IMmC
http://paperpile.com/b/lWCIss/5IMmC
http://paperpile.com/b/lWCIss/5IMmC
http://paperpile.com/b/lWCIss/5IMmC
http://paperpile.com/b/lWCIss/2gtrk
http://paperpile.com/b/lWCIss/2gtrk
http://paperpile.com/b/lWCIss/2gtrk
http://paperpile.com/b/lWCIss/2gtrk
http://paperpile.com/b/lWCIss/2gtrk
http://paperpile.com/b/lWCIss/2gtrk
http://paperpile.com/b/lWCIss/2gtrk
http://paperpile.com/b/lWCIss/OlbMh
http://paperpile.com/b/lWCIss/OlbMh
http://paperpile.com/b/lWCIss/OlbMh
http://paperpile.com/b/lWCIss/OlbMh
http://paperpile.com/b/lWCIss/OlbMh
http://paperpile.com/b/lWCIss/OlbMh
http://paperpile.com/b/lWCIss/OlbMh
http://paperpile.com/b/lWCIss/OlbMh
http://paperpile.com/b/lWCIss/Hxohb
http://paperpile.com/b/lWCIss/Hxohb
http://paperpile.com/b/lWCIss/Hxohb
http://paperpile.com/b/lWCIss/Hxohb
http://paperpile.com/b/lWCIss/Hxohb
http://paperpile.com/b/lWCIss/Hxohb
http://paperpile.com/b/lWCIss/LBLYy
http://paperpile.com/b/lWCIss/LBLYy
http://paperpile.com/b/lWCIss/LBLYy
http://paperpile.com/b/lWCIss/LBLYy
http://paperpile.com/b/lWCIss/LBLYy
http://paperpile.com/b/lWCIss/LBLYy
http://paperpile.com/b/lWCIss/LBLYy
http://paperpile.com/b/lWCIss/dH7c4
http://paperpile.com/b/lWCIss/dH7c4
http://paperpile.com/b/lWCIss/dH7c4
http://paperpile.com/b/lWCIss/dH7c4
http://paperpile.com/b/lWCIss/dH7c4
http://paperpile.com/b/lWCIss/dH7c4
http://paperpile.com/b/lWCIss/dH7c4
http://paperpile.com/b/lWCIss/dH7c4
http://paperpile.com/b/lWCIss/91tib
http://paperpile.com/b/lWCIss/91tib
http://paperpile.com/b/lWCIss/91tib
http://paperpile.com/b/lWCIss/91tib
http://paperpile.com/b/lWCIss/91tib
http://paperpile.com/b/lWCIss/91tib
http://paperpile.com/b/lWCIss/91tib
http://paperpile.com/b/lWCIss/91tib
http://paperpile.com/b/lWCIss/XRuOE
http://paperpile.com/b/lWCIss/XRuOE
http://paperpile.com/b/lWCIss/XRuOE
http://paperpile.com/b/lWCIss/XRuOE
http://paperpile.com/b/lWCIss/XRuOE
http://dx.doi.org/10.1101/003236
http://paperpile.com/b/lWCIss/txdPW
http://paperpile.com/b/lWCIss/txdPW
http://paperpile.com/b/lWCIss/txdPW
http://paperpile.com/b/lWCIss/txdPW
http://paperpile.com/b/lWCIss/txdPW
http://paperpile.com/b/lWCIss/txdPW
http://paperpile.com/b/lWCIss/txdPW
http://paperpile.com/b/lWCIss/txdPW
http://paperpile.com/b/lWCIss/Lcv3n
http://paperpile.com/b/lWCIss/Lcv3n
http://paperpile.com/b/lWCIss/Lcv3n
http://paperpile.com/b/lWCIss/Lcv3n
http://paperpile.com/b/lWCIss/Lcv3n
http://paperpile.com/b/lWCIss/Lcv3n
http://paperpile.com/b/lWCIss/Lcv3n
http://paperpile.com/b/lWCIss/9BgZs
http://paperpile.com/b/lWCIss/9BgZs
http://paperpile.com/b/lWCIss/9BgZs
http://paperpile.com/b/lWCIss/9BgZs
http://paperpile.com/b/lWCIss/9BgZs

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

580-584 (2002).

Gierahn, T. M. et al. Seg-Well: portable, low-cost RNA sequencing of single cells at high
throughput. Nat. Methods 14, 395-398 (2017).

Han, X. et al. Mapping the Mouse Cell Atlas by Microwell-Seq. Cell 173, 1307 (2018).
Goldstein, L. D. et al. Massively parallel nanowell-based single-cell gene expression
profiling. BMC Genomics 18, 519 (2017).

Hashimoto, S. et al. Comprehensive single-cell transcriptome analysis reveals
heterogeneity in endometrioid adenocarcinoma tissues. Sci. Rep. 7, 14225 (2017).
Hughes, T. K., Wadsworth, M. H., Gierahn, T. M. & Do, T. Highly Efficient,
Massively-Parallel Single-Cell RNA-Seq Reveals Cellular States and Molecular Features of
Human Skin Pathology. bioRxiv (2019).

Mereu, E., Lafzi, A., Moutinho, C. & Ziegenhain, C. Benchmarking Single-Cell RNA
Sequencing Protocols for Cell Atlas Projects. BioRxiv (2019).

Cusanovich, D. A. et al. Multiplex single cell profiling of chromatin accessibility by
combinatorial cellular indexing. Science 348, 910-914 (2015).

Rosenberg, A. B. et al. Single-cell profiling of the developing mouse brain and spinal cord
with split-pool barcoding. Science 360, 176—182 (2018).

Ding, J., Adiconis, X., Simmons, S. K. & Kowalczyk, M. S. Systematic comparative analysis
of single cell RNA-sequencing methods. BioRxiv (2019).

Hug, H. & Schuler, R. Measurement of the number of molecules of a single MRNA species
in a complex mRNA preparation. J. Theor. Biol. 221, 615-624 (2003).

Fu, G. K., Hu, J., Wang, P.-H. & Fodor, S. P. A. Counting individual DNA molecules by the
stochastic attachment of diverse labels. Proc. Natl. Acad. Sci. U. S. A. 108, 9026-9031

(2011).


http://paperpile.com/b/lWCIss/9BgZs
http://paperpile.com/b/lWCIss/bLKYD
http://paperpile.com/b/lWCIss/bLKYD
http://paperpile.com/b/lWCIss/bLKYD
http://paperpile.com/b/lWCIss/bLKYD
http://paperpile.com/b/lWCIss/bLKYD
http://paperpile.com/b/lWCIss/bLKYD
http://paperpile.com/b/lWCIss/bLKYD
http://paperpile.com/b/lWCIss/bLKYD
http://paperpile.com/b/lWCIss/cA7Db
http://paperpile.com/b/lWCIss/cA7Db
http://paperpile.com/b/lWCIss/cA7Db
http://paperpile.com/b/lWCIss/cA7Db
http://paperpile.com/b/lWCIss/cA7Db
http://paperpile.com/b/lWCIss/cA7Db
http://paperpile.com/b/lWCIss/cA7Db
http://paperpile.com/b/lWCIss/B1Fqa
http://paperpile.com/b/lWCIss/B1Fqa
http://paperpile.com/b/lWCIss/B1Fqa
http://paperpile.com/b/lWCIss/B1Fqa
http://paperpile.com/b/lWCIss/B1Fqa
http://paperpile.com/b/lWCIss/B1Fqa
http://paperpile.com/b/lWCIss/B1Fqa
http://paperpile.com/b/lWCIss/B1Fqa
http://paperpile.com/b/lWCIss/7KBeK
http://paperpile.com/b/lWCIss/7KBeK
http://paperpile.com/b/lWCIss/7KBeK
http://paperpile.com/b/lWCIss/7KBeK
http://paperpile.com/b/lWCIss/7KBeK
http://paperpile.com/b/lWCIss/7KBeK
http://paperpile.com/b/lWCIss/7KBeK
http://paperpile.com/b/lWCIss/7KBeK
http://paperpile.com/b/lWCIss/dNbYc
http://paperpile.com/b/lWCIss/dNbYc
http://paperpile.com/b/lWCIss/dNbYc
http://paperpile.com/b/lWCIss/dNbYc
http://paperpile.com/b/lWCIss/dNbYc
http://paperpile.com/b/lWCIss/lA1ki
http://paperpile.com/b/lWCIss/lA1ki
http://paperpile.com/b/lWCIss/lA1ki
http://paperpile.com/b/lWCIss/lA1ki
http://paperpile.com/b/lWCIss/8FWpA
http://paperpile.com/b/lWCIss/8FWpA
http://paperpile.com/b/lWCIss/8FWpA
http://paperpile.com/b/lWCIss/8FWpA
http://paperpile.com/b/lWCIss/8FWpA
http://paperpile.com/b/lWCIss/8FWpA
http://paperpile.com/b/lWCIss/8FWpA
http://paperpile.com/b/lWCIss/8FWpA
http://paperpile.com/b/lWCIss/MsSvT
http://paperpile.com/b/lWCIss/MsSvT
http://paperpile.com/b/lWCIss/MsSvT
http://paperpile.com/b/lWCIss/MsSvT
http://paperpile.com/b/lWCIss/MsSvT
http://paperpile.com/b/lWCIss/MsSvT
http://paperpile.com/b/lWCIss/MsSvT
http://paperpile.com/b/lWCIss/MsSvT
http://paperpile.com/b/lWCIss/5fvZN
http://paperpile.com/b/lWCIss/5fvZN
http://paperpile.com/b/lWCIss/5fvZN
http://paperpile.com/b/lWCIss/5fvZN
http://paperpile.com/b/lWCIss/ReFbP
http://paperpile.com/b/lWCIss/ReFbP
http://paperpile.com/b/lWCIss/ReFbP
http://paperpile.com/b/lWCIss/ReFbP
http://paperpile.com/b/lWCIss/ReFbP
http://paperpile.com/b/lWCIss/ReFbP
http://paperpile.com/b/lWCIss/Iq7Eq
http://paperpile.com/b/lWCIss/Iq7Eq
http://paperpile.com/b/lWCIss/Iq7Eq
http://paperpile.com/b/lWCIss/Iq7Eq
http://paperpile.com/b/lWCIss/Iq7Eq
http://paperpile.com/b/lWCIss/Iq7Eq
http://paperpile.com/b/lWCIss/Iq7Eq

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Kivioja, T. et al. Counting absolute numbers of molecules using unique molecular
identifiers. Nat. Methods 9, 72—74 (2011).

Islam, S. et al. Quantitative single-cell RNA-seq with unique molecular identifiers. Nat.
Methods 11, 163-166 (2014).

Shiroguchi, K., Jia, T. Z., Sims, P. A. & Xie, X. S. Digital RNA sequencing minimizes
sequence-dependent bias and amplification noise with optimized single-molecule barcodes.
Proc. Natl. Acad. Sci. U. S. A. 109, 1347-1352 (2012).

Svensson, V. et al. Power analysis of single-cell RNA-sequencing experiments. Nat.
Methods 14, 381-387 (2017).

Regev, A., Teichmann, S. A., Lander, E. S., Amit, |. & Benoist, C. Science forum: the
human cell atlas. Elife (2017).

Stoeckius, M. et al. Cell Hashing with barcoded antibodies enables multiplexing and doublet
detection for single cell genomics. Genome Biol. 19, 224 (2018).

Stoeckius, M. et al. Simultaneous epitope and transcriptome measurement in single cells.
Nat. Methods 14, 865—-868 (2017).

Gehring, J., Park, J. H., Chen, S., Thomson, M. & Pachter, L. Highly multiplexed single-cell
RNA-seq for defining cell population and transcriptional spaces. bioRxiv (2018).

McGinnis, C. S. et al. MULTI-seq: sample multiplexing for single-cell RNA sequencing using
lipid-tagged indices. Nat. Methods 16, 619—-626 (2019).

Wang, X. et al. Three-dimensional intact-tissue sequencing of single-cell transcriptional
states. Science 361, (2018).

Chen, K. H., Boettiger, A. N., Moffitt, J. R., Wang, S. & Zhuang, X. RNA imaging. Spatially
resolved, highly multiplexed RNA profiling in single cells. Science 348, aaa6090 (2015).

Shah, S., Lubeck, E., Zhou, W. & Cai, L. In Situ Transcription Profiling of Single Cells


http://paperpile.com/b/lWCIss/R79W1
http://paperpile.com/b/lWCIss/R79W1
http://paperpile.com/b/lWCIss/R79W1
http://paperpile.com/b/lWCIss/R79W1
http://paperpile.com/b/lWCIss/R79W1
http://paperpile.com/b/lWCIss/R79W1
http://paperpile.com/b/lWCIss/R79W1
http://paperpile.com/b/lWCIss/R79W1
http://paperpile.com/b/lWCIss/dZik8
http://paperpile.com/b/lWCIss/dZik8
http://paperpile.com/b/lWCIss/dZik8
http://paperpile.com/b/lWCIss/dZik8
http://paperpile.com/b/lWCIss/dZik8
http://paperpile.com/b/lWCIss/dZik8
http://paperpile.com/b/lWCIss/dZik8
http://paperpile.com/b/lWCIss/dZik8
http://paperpile.com/b/lWCIss/hc6M1
http://paperpile.com/b/lWCIss/hc6M1
http://paperpile.com/b/lWCIss/hc6M1
http://paperpile.com/b/lWCIss/hc6M1
http://paperpile.com/b/lWCIss/hc6M1
http://paperpile.com/b/lWCIss/hc6M1
http://paperpile.com/b/lWCIss/3DSKs
http://paperpile.com/b/lWCIss/3DSKs
http://paperpile.com/b/lWCIss/3DSKs
http://paperpile.com/b/lWCIss/3DSKs
http://paperpile.com/b/lWCIss/3DSKs
http://paperpile.com/b/lWCIss/3DSKs
http://paperpile.com/b/lWCIss/3DSKs
http://paperpile.com/b/lWCIss/3DSKs
http://paperpile.com/b/lWCIss/uuhL1
http://paperpile.com/b/lWCIss/uuhL1
http://paperpile.com/b/lWCIss/uuhL1
http://paperpile.com/b/lWCIss/uuhL1
http://paperpile.com/b/lWCIss/quoUi
http://paperpile.com/b/lWCIss/quoUi
http://paperpile.com/b/lWCIss/quoUi
http://paperpile.com/b/lWCIss/quoUi
http://paperpile.com/b/lWCIss/quoUi
http://paperpile.com/b/lWCIss/quoUi
http://paperpile.com/b/lWCIss/quoUi
http://paperpile.com/b/lWCIss/quoUi
http://paperpile.com/b/lWCIss/NJvEb
http://paperpile.com/b/lWCIss/NJvEb
http://paperpile.com/b/lWCIss/NJvEb
http://paperpile.com/b/lWCIss/NJvEb
http://paperpile.com/b/lWCIss/NJvEb
http://paperpile.com/b/lWCIss/NJvEb
http://paperpile.com/b/lWCIss/NJvEb
http://paperpile.com/b/lWCIss/m45GB
http://paperpile.com/b/lWCIss/m45GB
http://paperpile.com/b/lWCIss/m45GB
http://paperpile.com/b/lWCIss/m45GB
http://paperpile.com/b/lWCIss/buch
http://paperpile.com/b/lWCIss/buch
http://paperpile.com/b/lWCIss/buch
http://paperpile.com/b/lWCIss/buch
http://paperpile.com/b/lWCIss/buch
http://paperpile.com/b/lWCIss/buch
http://paperpile.com/b/lWCIss/buch
http://paperpile.com/b/lWCIss/buch
http://paperpile.com/b/lWCIss/HfkJg
http://paperpile.com/b/lWCIss/HfkJg
http://paperpile.com/b/lWCIss/HfkJg
http://paperpile.com/b/lWCIss/HfkJg
http://paperpile.com/b/lWCIss/HfkJg
http://paperpile.com/b/lWCIss/HfkJg
http://paperpile.com/b/lWCIss/HfkJg
http://paperpile.com/b/lWCIss/HfkJg
http://paperpile.com/b/lWCIss/t0Tnv
http://paperpile.com/b/lWCIss/t0Tnv
http://paperpile.com/b/lWCIss/t0Tnv
http://paperpile.com/b/lWCIss/t0Tnv
http://paperpile.com/b/lWCIss/t0Tnv
http://paperpile.com/b/lWCIss/t0Tnv
http://paperpile.com/b/lWCIss/ftTib

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

Reveals Spatial Organization of Cells in the Mouse Hippocampus. Neuron 92, 342-357
(2016).

McKenna, A. et al. Whole-organism lineage tracing by combinatorial and cumulative
genome editing. Science 353, aaf7907 (2016).

Perli, S. D., Cui, C. H. & Lu, T. K. Continuous genetic recording with self-targeting
CRISPR-Cas in human cells. Science 353, (2016).

Frieda, K. L. et al. Synthetic recording and in situ readout of lineage information in single
cells. Nature 541, 107-111 (2017).

Pei, W. et al. Polylox barcoding reveals haematopoietic stem cell fates realized in vivo.
Nature 548, 456—460 (2017).

Raij, B. et al. Simultaneous single-cell profiling of lineages and cell types in the vertebrate
brain. Nat. Biotechnol. 36, 442—-450 (2018).

Alemany, A., Florescu, M., Baron, C. S., Peterson-Maduro, J. & van Oudenaarden, A.
Whole-organism clone tracing using single-cell sequencing. Nature 556, 108—112 (2018).
Spanjaard, B. et al. Simultaneous lineage tracing and cell-type identification using
CRISPR-Cas9-induced genetic scars. Nat. Biotechnol. 36, 469 (2018).

Chan, M. M. et al. Molecular recording of mammalian embryogenesis. Nature 570, 77-82
(2019).

Adamson, B. et al. A Multiplexed Single-Cell CRISPR Screening Platform Enables
Systematic Dissection of the Unfolded Protein Response. Cell 167, 1867—-1882.e21 (2016).
Dixit, A. et al. Perturb-Seq: Dissecting Molecular Circuits with Scalable Single-Cell RNA
Profiling of Pooled Genetic Screens. Cell 167, 1853—-1866.e17 (2016).

Jaitin, D. A. et al. Dissecting Immune Circuits by Linking CRISPR-Pooled Screens with

Single-Cell RNA-Seq. Cell 167, 1883-1896.e15 (2016).


http://paperpile.com/b/lWCIss/ftTib
http://paperpile.com/b/lWCIss/ftTib
http://paperpile.com/b/lWCIss/ftTib
http://paperpile.com/b/lWCIss/ftTib
http://paperpile.com/b/lWCIss/ftTib
http://paperpile.com/b/lWCIss/ftTib
http://paperpile.com/b/lWCIss/b04yH
http://paperpile.com/b/lWCIss/b04yH
http://paperpile.com/b/lWCIss/b04yH
http://paperpile.com/b/lWCIss/b04yH
http://paperpile.com/b/lWCIss/b04yH
http://paperpile.com/b/lWCIss/b04yH
http://paperpile.com/b/lWCIss/b04yH
http://paperpile.com/b/lWCIss/b04yH
http://paperpile.com/b/lWCIss/H9t6z
http://paperpile.com/b/lWCIss/H9t6z
http://paperpile.com/b/lWCIss/H9t6z
http://paperpile.com/b/lWCIss/H9t6z
http://paperpile.com/b/lWCIss/H9t6z
http://paperpile.com/b/lWCIss/H9t6z
http://paperpile.com/b/lWCIss/bzUrt
http://paperpile.com/b/lWCIss/bzUrt
http://paperpile.com/b/lWCIss/bzUrt
http://paperpile.com/b/lWCIss/bzUrt
http://paperpile.com/b/lWCIss/bzUrt
http://paperpile.com/b/lWCIss/bzUrt
http://paperpile.com/b/lWCIss/bzUrt
http://paperpile.com/b/lWCIss/bzUrt
http://paperpile.com/b/lWCIss/VfV56
http://paperpile.com/b/lWCIss/VfV56
http://paperpile.com/b/lWCIss/VfV56
http://paperpile.com/b/lWCIss/VfV56
http://paperpile.com/b/lWCIss/VfV56
http://paperpile.com/b/lWCIss/VfV56
http://paperpile.com/b/lWCIss/VfV56
http://paperpile.com/b/lWCIss/If0fO
http://paperpile.com/b/lWCIss/If0fO
http://paperpile.com/b/lWCIss/If0fO
http://paperpile.com/b/lWCIss/If0fO
http://paperpile.com/b/lWCIss/If0fO
http://paperpile.com/b/lWCIss/If0fO
http://paperpile.com/b/lWCIss/If0fO
http://paperpile.com/b/lWCIss/If0fO
http://paperpile.com/b/lWCIss/yiwSu
http://paperpile.com/b/lWCIss/yiwSu
http://paperpile.com/b/lWCIss/yiwSu
http://paperpile.com/b/lWCIss/yiwSu
http://paperpile.com/b/lWCIss/yiwSu
http://paperpile.com/b/lWCIss/yiwSu
http://paperpile.com/b/lWCIss/uVLnf
http://paperpile.com/b/lWCIss/uVLnf
http://paperpile.com/b/lWCIss/uVLnf
http://paperpile.com/b/lWCIss/uVLnf
http://paperpile.com/b/lWCIss/uVLnf
http://paperpile.com/b/lWCIss/uVLnf
http://paperpile.com/b/lWCIss/uVLnf
http://paperpile.com/b/lWCIss/uVLnf
http://paperpile.com/b/lWCIss/MDdU0
http://paperpile.com/b/lWCIss/MDdU0
http://paperpile.com/b/lWCIss/MDdU0
http://paperpile.com/b/lWCIss/MDdU0
http://paperpile.com/b/lWCIss/MDdU0
http://paperpile.com/b/lWCIss/MDdU0
http://paperpile.com/b/lWCIss/MDdU0
http://paperpile.com/b/lWCIss/MDdU0
http://paperpile.com/b/lWCIss/dtNqZ
http://paperpile.com/b/lWCIss/dtNqZ
http://paperpile.com/b/lWCIss/dtNqZ
http://paperpile.com/b/lWCIss/dtNqZ
http://paperpile.com/b/lWCIss/dtNqZ
http://paperpile.com/b/lWCIss/dtNqZ
http://paperpile.com/b/lWCIss/dtNqZ
http://paperpile.com/b/lWCIss/dtNqZ
http://paperpile.com/b/lWCIss/F8axa
http://paperpile.com/b/lWCIss/F8axa
http://paperpile.com/b/lWCIss/F8axa
http://paperpile.com/b/lWCIss/F8axa
http://paperpile.com/b/lWCIss/F8axa
http://paperpile.com/b/lWCIss/F8axa
http://paperpile.com/b/lWCIss/F8axa
http://paperpile.com/b/lWCIss/F8axa
http://paperpile.com/b/lWCIss/vIVdy
http://paperpile.com/b/lWCIss/vIVdy
http://paperpile.com/b/lWCIss/vIVdy
http://paperpile.com/b/lWCIss/vIVdy
http://paperpile.com/b/lWCIss/vIVdy
http://paperpile.com/b/lWCIss/vIVdy
http://paperpile.com/b/lWCIss/vIVdy
http://paperpile.com/b/lWCIss/vIVdy

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

Datlinger, P. et al. Pooled CRISPR screening with single-cell transcriptome readout. Nat.
Methods 14, 297-301 (2017).

Buenrostro, J. D. et al. Single-cell chromatin accessibility reveals principles of regulatory
variation. Nature 523, 486—490 (2015).

Smallwood, S. A. et al. Single-cell genome-wide bisulfite sequencing for assessing
epigenetic heterogeneity. Nat. Methods 11, 817-820 (2014).

Nagano, T. et al. Single-cell Hi-C reveals cell-to-cell variability in chromosome structure.
Nature 502, 59-64 (2013).

Ramani, V. et al. Massively multiplex single-cell Hi-C. Nat. Methods 14, 263—-266 (2017).
Flyamer, |I. M. et al. Single-nucleus Hi-C reveals unique chromatin reorganization at
oocyte-to-zygote transition. Nature 544, 110-114 (2017).

Nagano, T. et al. Cell-cycle dynamics of chromosomal organization at single-cell resolution.
Nature 547, 61-67 (2017).

Stevens, T. J. et al. 3D structures of individual mammalian genomes studied by single-cell
Hi-C. Nature 544, 59-64 (2017).

Rotem, A. et al. Single-cell ChIP-seq reveals cell subpopulations defined by chromatin
state. Nat. Biotechnol. 33, 1165-1172 (2015).

Harada, A. et al. A chromatin integration labelling method enables epigenomic profiling with
lower input. Nat. Cell Biol. 21, 287—-296 (2019).

Macaulay, I. C. et al. G&T-seq: parallel sequencing of single-cell genomes and
transcriptomes. Nat. Methods 12, 519 (2015).

Dey, S. S., Kester, L., Spanjaard, B., Bienko, M. & van Oudenaarden, A. Integrated
genome and transcriptome sequencing of the same cell. Nat. Biotechnol. 33, 285-289

(2015).


http://paperpile.com/b/lWCIss/eUNSe
http://paperpile.com/b/lWCIss/eUNSe
http://paperpile.com/b/lWCIss/eUNSe
http://paperpile.com/b/lWCIss/eUNSe
http://paperpile.com/b/lWCIss/eUNSe
http://paperpile.com/b/lWCIss/eUNSe
http://paperpile.com/b/lWCIss/eUNSe
http://paperpile.com/b/lWCIss/eUNSe
http://paperpile.com/b/lWCIss/kYgNK
http://paperpile.com/b/lWCIss/kYgNK
http://paperpile.com/b/lWCIss/kYgNK
http://paperpile.com/b/lWCIss/kYgNK
http://paperpile.com/b/lWCIss/kYgNK
http://paperpile.com/b/lWCIss/kYgNK
http://paperpile.com/b/lWCIss/kYgNK
http://paperpile.com/b/lWCIss/kYgNK
http://paperpile.com/b/lWCIss/sykuy
http://paperpile.com/b/lWCIss/sykuy
http://paperpile.com/b/lWCIss/sykuy
http://paperpile.com/b/lWCIss/sykuy
http://paperpile.com/b/lWCIss/sykuy
http://paperpile.com/b/lWCIss/sykuy
http://paperpile.com/b/lWCIss/sykuy
http://paperpile.com/b/lWCIss/sykuy
http://paperpile.com/b/lWCIss/rmCwv
http://paperpile.com/b/lWCIss/rmCwv
http://paperpile.com/b/lWCIss/rmCwv
http://paperpile.com/b/lWCIss/rmCwv
http://paperpile.com/b/lWCIss/rmCwv
http://paperpile.com/b/lWCIss/rmCwv
http://paperpile.com/b/lWCIss/rmCwv
http://paperpile.com/b/lWCIss/BtL4m
http://paperpile.com/b/lWCIss/BtL4m
http://paperpile.com/b/lWCIss/BtL4m
http://paperpile.com/b/lWCIss/BtL4m
http://paperpile.com/b/lWCIss/BtL4m
http://paperpile.com/b/lWCIss/BtL4m
http://paperpile.com/b/lWCIss/BtL4m
http://paperpile.com/b/lWCIss/ih1tt
http://paperpile.com/b/lWCIss/ih1tt
http://paperpile.com/b/lWCIss/ih1tt
http://paperpile.com/b/lWCIss/ih1tt
http://paperpile.com/b/lWCIss/ih1tt
http://paperpile.com/b/lWCIss/ih1tt
http://paperpile.com/b/lWCIss/ih1tt
http://paperpile.com/b/lWCIss/ih1tt
http://paperpile.com/b/lWCIss/tUW1u
http://paperpile.com/b/lWCIss/tUW1u
http://paperpile.com/b/lWCIss/tUW1u
http://paperpile.com/b/lWCIss/tUW1u
http://paperpile.com/b/lWCIss/tUW1u
http://paperpile.com/b/lWCIss/tUW1u
http://paperpile.com/b/lWCIss/tUW1u
http://paperpile.com/b/lWCIss/7enTu
http://paperpile.com/b/lWCIss/7enTu
http://paperpile.com/b/lWCIss/7enTu
http://paperpile.com/b/lWCIss/7enTu
http://paperpile.com/b/lWCIss/7enTu
http://paperpile.com/b/lWCIss/7enTu
http://paperpile.com/b/lWCIss/7enTu
http://paperpile.com/b/lWCIss/7enTu
http://paperpile.com/b/lWCIss/IVzeN
http://paperpile.com/b/lWCIss/IVzeN
http://paperpile.com/b/lWCIss/IVzeN
http://paperpile.com/b/lWCIss/IVzeN
http://paperpile.com/b/lWCIss/IVzeN
http://paperpile.com/b/lWCIss/IVzeN
http://paperpile.com/b/lWCIss/IVzeN
http://paperpile.com/b/lWCIss/IVzeN
http://paperpile.com/b/lWCIss/1pH1K
http://paperpile.com/b/lWCIss/1pH1K
http://paperpile.com/b/lWCIss/1pH1K
http://paperpile.com/b/lWCIss/1pH1K
http://paperpile.com/b/lWCIss/1pH1K
http://paperpile.com/b/lWCIss/1pH1K
http://paperpile.com/b/lWCIss/1pH1K
http://paperpile.com/b/lWCIss/1pH1K
http://paperpile.com/b/lWCIss/xgm0X
http://paperpile.com/b/lWCIss/xgm0X
http://paperpile.com/b/lWCIss/xgm0X
http://paperpile.com/b/lWCIss/xgm0X
http://paperpile.com/b/lWCIss/xgm0X
http://paperpile.com/b/lWCIss/xgm0X
http://paperpile.com/b/lWCIss/xgm0X
http://paperpile.com/b/lWCIss/xgm0X
http://paperpile.com/b/lWCIss/hSOho
http://paperpile.com/b/lWCIss/hSOho
http://paperpile.com/b/lWCIss/hSOho
http://paperpile.com/b/lWCIss/hSOho
http://paperpile.com/b/lWCIss/hSOho
http://paperpile.com/b/lWCIss/hSOho
http://paperpile.com/b/lWCIss/hSOho

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

Reuter, J. A., Spacek, D. V., Pai, R. K. & Snyder, M. P. Simul-seq: combined DNA and
RNA sequencing for whole-genome and transcriptome profiling. Nat. Methods 13, 953—958
(2016).

Han, K. Y. et al. SIDR: simultaneous isolation and parallel sequencing of genomic DNA and
total RNA from single cells. Genome Res. 28, 75-87 (2018).

Fan, H. C., Wang, J., Potanina, A. & Quake, S. R. Whole-genome molecular haplotyping of
single cells. Nat. Biotechnol. 29, 51-57 (2011).

Navin, N. et al. Tumour evolution inferred by single-cell sequencing. Nature 472, 90-94
(2011).

Gundry, M., Li, W., Magbool, S. B. & Vijg, J. Direct, genome-wide assessment of DNA
mutations in single cells. Nucleic Acids Res. 40, 2032—2040 (2012).

Zong, C., Lu, S., Chapman, A. R. & Xie, X. S. Genome-wide detection of single-nucleotide
and copy-number variations of a single human cell. Science 338, 1622-1626 (2012).

Hou, Y. et al. Single-cell exome sequencing and monoclonal evolution of a JAK2-negative
myeloproliferative neoplasm. Cell 148, 873-885 (2012).

Wang, J., Fan, H. C., Behr, B. & Quake, S. R. Genome-wide single-cell analysis of
recombination activity and de novo mutation rates in human sperm. Cell 150, 402—412
(2012).

Chen, C. et al. Single-cell whole-genome analyses by Linear Amplification via Transposon
Insertion (LIANTI). Science 356, 189-194 (2017).

Angermueller, C. et al. Parallel single-cell sequencing links transcriptional and epigenetic
heterogeneity. Nat. Methods 13, 229-232 (2016).

Hu, Y. et al. Simultaneous profiling of transcriptome and DNA methylome from a single cell.

Genome Biol. 17, 88 (2016).


http://paperpile.com/b/lWCIss/WlZ8E
http://paperpile.com/b/lWCIss/WlZ8E
http://paperpile.com/b/lWCIss/WlZ8E
http://paperpile.com/b/lWCIss/WlZ8E
http://paperpile.com/b/lWCIss/WlZ8E
http://paperpile.com/b/lWCIss/WlZ8E
http://paperpile.com/b/lWCIss/WlZ8E
http://paperpile.com/b/lWCIss/83VTu
http://paperpile.com/b/lWCIss/83VTu
http://paperpile.com/b/lWCIss/83VTu
http://paperpile.com/b/lWCIss/83VTu
http://paperpile.com/b/lWCIss/83VTu
http://paperpile.com/b/lWCIss/83VTu
http://paperpile.com/b/lWCIss/83VTu
http://paperpile.com/b/lWCIss/83VTu
http://paperpile.com/b/lWCIss/M7HkR
http://paperpile.com/b/lWCIss/M7HkR
http://paperpile.com/b/lWCIss/M7HkR
http://paperpile.com/b/lWCIss/M7HkR
http://paperpile.com/b/lWCIss/M7HkR
http://paperpile.com/b/lWCIss/M7HkR
http://paperpile.com/b/lWCIss/czoYh
http://paperpile.com/b/lWCIss/czoYh
http://paperpile.com/b/lWCIss/czoYh
http://paperpile.com/b/lWCIss/czoYh
http://paperpile.com/b/lWCIss/czoYh
http://paperpile.com/b/lWCIss/czoYh
http://paperpile.com/b/lWCIss/czoYh
http://paperpile.com/b/lWCIss/czoYh
http://paperpile.com/b/lWCIss/mnrMF
http://paperpile.com/b/lWCIss/mnrMF
http://paperpile.com/b/lWCIss/mnrMF
http://paperpile.com/b/lWCIss/mnrMF
http://paperpile.com/b/lWCIss/mnrMF
http://paperpile.com/b/lWCIss/mnrMF
http://paperpile.com/b/lWCIss/4egLT
http://paperpile.com/b/lWCIss/4egLT
http://paperpile.com/b/lWCIss/4egLT
http://paperpile.com/b/lWCIss/4egLT
http://paperpile.com/b/lWCIss/4egLT
http://paperpile.com/b/lWCIss/4egLT
http://paperpile.com/b/lWCIss/VHmGp
http://paperpile.com/b/lWCIss/VHmGp
http://paperpile.com/b/lWCIss/VHmGp
http://paperpile.com/b/lWCIss/VHmGp
http://paperpile.com/b/lWCIss/VHmGp
http://paperpile.com/b/lWCIss/VHmGp
http://paperpile.com/b/lWCIss/VHmGp
http://paperpile.com/b/lWCIss/VHmGp
http://paperpile.com/b/lWCIss/qFL3X
http://paperpile.com/b/lWCIss/qFL3X
http://paperpile.com/b/lWCIss/qFL3X
http://paperpile.com/b/lWCIss/qFL3X
http://paperpile.com/b/lWCIss/qFL3X
http://paperpile.com/b/lWCIss/qFL3X
http://paperpile.com/b/lWCIss/qFL3X
http://paperpile.com/b/lWCIss/6aa7s
http://paperpile.com/b/lWCIss/6aa7s
http://paperpile.com/b/lWCIss/6aa7s
http://paperpile.com/b/lWCIss/6aa7s
http://paperpile.com/b/lWCIss/6aa7s
http://paperpile.com/b/lWCIss/6aa7s
http://paperpile.com/b/lWCIss/6aa7s
http://paperpile.com/b/lWCIss/6aa7s
http://paperpile.com/b/lWCIss/Ejdxp
http://paperpile.com/b/lWCIss/Ejdxp
http://paperpile.com/b/lWCIss/Ejdxp
http://paperpile.com/b/lWCIss/Ejdxp
http://paperpile.com/b/lWCIss/Ejdxp
http://paperpile.com/b/lWCIss/Ejdxp
http://paperpile.com/b/lWCIss/Ejdxp
http://paperpile.com/b/lWCIss/Ejdxp
http://paperpile.com/b/lWCIss/9tcNv
http://paperpile.com/b/lWCIss/9tcNv
http://paperpile.com/b/lWCIss/9tcNv
http://paperpile.com/b/lWCIss/9tcNv
http://paperpile.com/b/lWCIss/9tcNv
http://paperpile.com/b/lWCIss/9tcNv
http://paperpile.com/b/lWCIss/9tcNv

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

Hou, Y. et al. Single-cell triple omics sequencing reveals genetic, epigenetic, and
transcriptomic heterogeneity in hepatocellular carcinomas. Cell Res. 26, 304-319 (2016).
Cheow, L. F. et al. Single-cell multimodal profiling reveals cellular epigenetic heterogeneity.
Nat. Methods 13, 833—-836 (2016).

Guo, F. et al. Single-cell multi-omics sequencing of mouse early embryos and embryonic
stem cells. Cell Res. 27, 967-988 (2017).

Clark, S. J. et al. scNMT-seq enables joint profiling of chromatin accessibility DNA
methylation and transcription in single cells. Nat. Commun. 9, 781 (2018).

Li, G. et al. Joint profiling of DNA methylation and chromatin architecture in single cells.
Nat. Methods (2019). doi:10.1038/s41592-019-0502-z

Frei, A. P. et al. Highly multiplexed simultaneous detection of RNAs and proteins in single
cells. Nat. Methods 13, 269-275 (2016).

Darmanis, S. et al. Simultaneous Multiplexed Measurement of RNA and Proteins in Single
Cells. Cell Rep. 14, 380-389 (2016).

Peterson, V. M. et al. Multiplexed quantification of proteins and transcripts in single cells.
Nat. Biotechnol. 35, 936-939 (2017).

Abdelmoez, M. N. et al. SINC-seq: correlation of transient gene expressions between
nucleus and cytoplasm reflects single-cell physiology. Genome Biol. 19, 66 (2018).
Hendriks, G.-J. et al. NASC-seq monitors RNA synthesis in single cells. bioRxiv 498667
(2018). doi:10.1101/498667

Erhard, F. et al. scSLAM-seq reveals core features of transcription dynamics in single cells.
Nature (2019). doi:10.1038/s41586-019-1369-y

Singh, M., Al-Eryani, G., Carswell, S. & Ferguson, J. M. High-throughput targeted long-read

single cell sequencing reveals the clonal and transcriptional landscape of lymphocytes.


http://paperpile.com/b/lWCIss/zZ7Rv
http://paperpile.com/b/lWCIss/zZ7Rv
http://paperpile.com/b/lWCIss/zZ7Rv
http://paperpile.com/b/lWCIss/zZ7Rv
http://paperpile.com/b/lWCIss/zZ7Rv
http://paperpile.com/b/lWCIss/zZ7Rv
http://paperpile.com/b/lWCIss/zZ7Rv
http://paperpile.com/b/lWCIss/zZ7Rv
http://paperpile.com/b/lWCIss/FCqof
http://paperpile.com/b/lWCIss/FCqof
http://paperpile.com/b/lWCIss/FCqof
http://paperpile.com/b/lWCIss/FCqof
http://paperpile.com/b/lWCIss/FCqof
http://paperpile.com/b/lWCIss/FCqof
http://paperpile.com/b/lWCIss/FCqof
http://paperpile.com/b/lWCIss/r5cZn
http://paperpile.com/b/lWCIss/r5cZn
http://paperpile.com/b/lWCIss/r5cZn
http://paperpile.com/b/lWCIss/r5cZn
http://paperpile.com/b/lWCIss/r5cZn
http://paperpile.com/b/lWCIss/r5cZn
http://paperpile.com/b/lWCIss/r5cZn
http://paperpile.com/b/lWCIss/r5cZn
http://paperpile.com/b/lWCIss/yGcJB
http://paperpile.com/b/lWCIss/yGcJB
http://paperpile.com/b/lWCIss/yGcJB
http://paperpile.com/b/lWCIss/yGcJB
http://paperpile.com/b/lWCIss/yGcJB
http://paperpile.com/b/lWCIss/yGcJB
http://paperpile.com/b/lWCIss/yGcJB
http://paperpile.com/b/lWCIss/yGcJB
http://paperpile.com/b/lWCIss/yJX7
http://paperpile.com/b/lWCIss/yJX7
http://paperpile.com/b/lWCIss/yJX7
http://paperpile.com/b/lWCIss/yJX7
http://paperpile.com/b/lWCIss/yJX7
http://dx.doi.org/10.1038/s41592-019-0502-z
http://paperpile.com/b/lWCIss/subLi
http://paperpile.com/b/lWCIss/subLi
http://paperpile.com/b/lWCIss/subLi
http://paperpile.com/b/lWCIss/subLi
http://paperpile.com/b/lWCIss/subLi
http://paperpile.com/b/lWCIss/subLi
http://paperpile.com/b/lWCIss/subLi
http://paperpile.com/b/lWCIss/subLi
http://paperpile.com/b/lWCIss/dIqdc
http://paperpile.com/b/lWCIss/dIqdc
http://paperpile.com/b/lWCIss/dIqdc
http://paperpile.com/b/lWCIss/dIqdc
http://paperpile.com/b/lWCIss/dIqdc
http://paperpile.com/b/lWCIss/dIqdc
http://paperpile.com/b/lWCIss/dIqdc
http://paperpile.com/b/lWCIss/dIqdc
http://paperpile.com/b/lWCIss/2GnTJ
http://paperpile.com/b/lWCIss/2GnTJ
http://paperpile.com/b/lWCIss/2GnTJ
http://paperpile.com/b/lWCIss/2GnTJ
http://paperpile.com/b/lWCIss/2GnTJ
http://paperpile.com/b/lWCIss/2GnTJ
http://paperpile.com/b/lWCIss/2GnTJ
http://paperpile.com/b/lWCIss/thDNO
http://paperpile.com/b/lWCIss/thDNO
http://paperpile.com/b/lWCIss/thDNO
http://paperpile.com/b/lWCIss/thDNO
http://paperpile.com/b/lWCIss/thDNO
http://paperpile.com/b/lWCIss/thDNO
http://paperpile.com/b/lWCIss/thDNO
http://paperpile.com/b/lWCIss/thDNO
http://paperpile.com/b/lWCIss/3CKLB
http://paperpile.com/b/lWCIss/3CKLB
http://paperpile.com/b/lWCIss/3CKLB
http://paperpile.com/b/lWCIss/3CKLB
http://paperpile.com/b/lWCIss/3CKLB
http://paperpile.com/b/lWCIss/3CKLB
http://dx.doi.org/10.1101/498667
http://paperpile.com/b/lWCIss/RSEWc
http://paperpile.com/b/lWCIss/RSEWc
http://paperpile.com/b/lWCIss/RSEWc
http://paperpile.com/b/lWCIss/RSEWc
http://paperpile.com/b/lWCIss/RSEWc
http://dx.doi.org/10.1038/s41586-019-1369-y
http://paperpile.com/b/lWCIss/inWK6
http://paperpile.com/b/lWCIss/inWK6

bioRxiv (2018).

85. Gupta, |. et al. Single-cell isoform RNA sequencing characterizes isoforms in thousands of
cerebellar cells. Nat. Biotechnol. (2018). doi:10.1038/nbt.4259

86. Volden, R. et al. Improving nanopore read accuracy with the R2C2 method enables the
sequencing of highly multiplexed full-length single-cell cDNA. Proc. Natl. Acad. Sci. U. S. A.

115, 9726-9731 (2018).


http://paperpile.com/b/lWCIss/inWK6
http://paperpile.com/b/lWCIss/inWK6
http://paperpile.com/b/lWCIss/AuBX5
http://paperpile.com/b/lWCIss/AuBX5
http://paperpile.com/b/lWCIss/AuBX5
http://paperpile.com/b/lWCIss/AuBX5
http://paperpile.com/b/lWCIss/AuBX5
http://paperpile.com/b/lWCIss/AuBX5
http://dx.doi.org/10.1038/nbt.4259
http://paperpile.com/b/lWCIss/DgooA
http://paperpile.com/b/lWCIss/DgooA
http://paperpile.com/b/lWCIss/DgooA
http://paperpile.com/b/lWCIss/DgooA
http://paperpile.com/b/lWCIss/DgooA
http://paperpile.com/b/lWCIss/DgooA
http://paperpile.com/b/lWCIss/DgooA
http://paperpile.com/b/lWCIss/DgooA

