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Measurement of single-cell dynamics with nanoelectroporation
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Single-cell omics approaches are fundamentally endpoint measurements,
interrupting the biological activity of a single cell at the time of measurement. Current methods
track the consensus dynamics of single cells by ensemble averaging omics data from a large number of

cells. Consequently, these methods cannot link the individual dynamics of single cells to their
specific omics states. To overcome this challenge and track the dynamics of individual single cells
from an omics perspective, we have developed techniques that utilize nanoelectroporation for the
extraction or delivery of charged molecules with minimal invasiveness. Here, we present ELASTomics,
live-organismal transcriptomics, and opto-combinatorial indexing, which respectively link individual

cellular dynamics with their transcriptomics profiles.
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1. WHERMASE D &
1 i RNA-sequencing (scRNA-seq)(Z, {4 DAl DM EIS I B2 5HT 5 kL L
TR E LOEIREH 2207 T\ D, BIETITBENR B TR T 5807 ol
MOBIn FRIGHRE PR TRETH Y, Millassk, R4, MkEAER Ckx 2AEmBIRICE
VT B 4y Tl AR RE B AR O IRILICEHRBR L CTU 5. scRNA-seq 1TFEARMIC = RAKRA > NMENT
FHANZES U Gl o AmmEB 245 1k S T51E) ThHDH. £D72®, scRNA-seq LV HEHH
N5 B FRBIGHMIIBREOREETH Y, TRIZHDBLETFHIGEZ A FI 7 2DiB
BRI R EEN AR FAIR THD. XA T 7 ZA0BHFIEE LT, ] Z21X pseudotime
M1 (Trapnell et al. Nat Biotech 2014), RNA velocity (Manno et al. Nature 2018) & % \ M348 0FR
5 DA% L7 SINC-seq {%(Single-cell Integrated Nuclear and Cytoplasmic RNA-Sequencing)
(Genome Biol 2018, Anal Chem 2018a, 2018b, 2020) 5N HE SN TW5. LavL, Zhb0)k
E1E, W ERENFAET DBE, BB FREGER Yy NV =218 T T T 477
A= KNy IRV Ty v L—F— (RAT 47 74— KNy 7 ORIE) BMEET HRICEN
T OIBYMEE RIS T35 & 9 382 & 5 (Weinreb et al. PNAS 2018). S 512, &
fETHBLE TR DB ICHBE DO XEL N T A X — D FIET D356 (B 21E epigenetics)id,
scRNA-seq 72T TIZREDO AT S H T & 72V (Wang et al. Sci Adv 2020).

2. WHEOHK
PLEMNS, HFEREE OIXBUETRAE ) 70 b 5B AT, 1 MilaicBiT 2 2087 50 )E
OFHAE HIZE RNA &% RNA) 2 OIBEFREOMS &, TRbb& A )17 2%
THREEEF—O 1 HIE» LT 25 SINC-seq 145 % BH% L 72 (Genome Biol 2018, Anal
Chem 2018a, 2018b, 2020, Sci Adv 2021). SINC-seq i:1%, 7/ LOEIBFHRISHINEZZ B
T RNA IR S 4, MMEIZIBWT RNA S X U T RSN D Lot R TR
Z<IZHIY, B RNA [FHEFE RNA LY & AR KROMIIRAEZ KB L T2 EARET 5.
SINC-seq VEITAIIL M EEN S O OBHIEMBIG OGN ThH D Z LRI,
oA F I 7 AHEEFEEFERIZ, KR E L TRBRZRRER YT — % & FAlRT 2 0715
ThHY, BEOX AT I 7 ZFHETIEZ R, —7F, AUFEREITE ORI EE RS A
T 7 AFHNEEBLL K5 &3 2R P EEHE T h D AFIERTEIE, FFEARE SN
INETICHED TETa~vA 7 a « F EQIFLICET 20098 GHEIFZE(B) 26289035(H26-
H30)), 1 Mk —7 o ZfEMTIZEE T 2 WFZE(BRERAOMFFE(HH 2F) 26630052 (H26-H28))F L UM
DO RIFBACIZEE T D078 (FRERAOBF TR (A 2F) 19K22121(R1-R2))%E T DAL= F TR R 2 35
KHLOTHY, N TEH D2V EWVERENADDIRENETHD. BT, FBEAD
SRR GE A HEME T 5 7o, B O EERT 53 27 7> 2 LR 7 WO FE3 TRERR S 7= iiFE 7 L
— 7R Lo, ARHEEREOERIUT L0 HFUTERNT T 1 flld RNA-seq |2 X 2 EO#ER
FRBL A F 27 AFHHEEHTD.
3. WDk

X0 BRI, AREFFETIET /v bR L —ya VEfioT 1 My T
YR VMR AETFIRRE 2 MERF LT E ENIEM S T O — A BRI L, Zhvd vV CREZE
IR DS 5 MR A TR BUE M A ST 5. £ LT, seRNA-seq fifHTIZ 3\ CoERIT R
L T\ % BN ZR B (dynamic phenotype: time dependent morphology, cell proliferation, cell-cell



interaction, etc.) & 5 -3 BLE B (molecular phenotype) % #f5 3~ D fRITIE A L, Wil
T ENTE BN ERANCETDEG TR AT XA X —DBRREIT.

4. WFITECE
(A) MBS LV EMRELECFREOBRIIBITEDRS

F A= LVONEEAETLIF Y ETVEAVEF oLy bR —ya Tk B HER
5972 RNA filiHIEIC OV C, HeLa Ml AW CEBIESRM 2R L, 2.5 Rk &2 4 A,
Tebb 7.5 B, Writhoic RNA 245 2 S iczh L7

FH L72 RNA SIS —47 0 2D RNA-seq 74 77 U 21ERL, 57— % ZFi5 L7-
& A, MRaEIEITICN U e B R TR BA B A B S s, SIS b5 b oMl
JEIHELT & R R BB AR TR BLOMAMHTIZ L0, AR JE WA T3 [ Bl s S - e o
OO ZHWATIBETHIEIR Y VU —2 DS T 7 AT 52 LTSI L. B
3¢ L 7= RNA il 52 #R b O K550 ﬁ%b,lﬂ@%,zﬂ@@k;04ﬂ@%®%&%
THEEFRBEZFHHU LN, MBARRELBIETELZ L4 Lz, [RREREREIC
WTHE L ZE 50%DMESENEE R T oma-1 BEIKRIZK UCARGIEZ @A L, REZei m%%
Bl & R A OBEFE R O MBUEE A RE ST 2 BT RABORMERE L. Ty
Iy F RAT VRGN 2L 7 hrRb— 3 U2 L0 MlEa3ERERIIZ RNA &
HHTE D&MW TER L

(B) TAMBEEHRE | MECTFRIRMBITEHE I 5 opto-combinatorial index 0 BAF
WSS L 0 IS L7 & ks — 7 o o U TREATIC L W BAS L7z 1 i
BIGTRIAT =X 2R ETDHODOHT—a— A RaF e —XzfE L. A K
27 E— A I DNA N —a— REZREIEM L7 b DO TH D & FRFIC Ui L7z#t
BRI EENTWD. MEOEEBEOHBEOMAEDEND 16 80 D&t a— KE#
L7z, ZHUTINAZTDNA N—a— FBXEBEa— R THE L 16 Y Ol 7 —=
— R&AHE L2z VT 16x16 8Y, 37215 256 Y OMAEGHOEND 1 ML % FF
TE3 5 opto-combinatorial index & B L7=. AFEEZIEH LT, <7 U XX MIIXT 5
N AHIRR DI 2 1 MR AR B CREHT L7z,

(C) ELASTomics 0%

AR R /) & B R ELA 1 IR E CFHII9- 5 ELASTomics (electroporation-based
lipid-bilayer assay for cell surface tension and transcriptomics) & 9 #r LW HIEZ B L, ik
FEDFI 253 /Ui, R Z AT TIG-1 Mifd, 3 X0~ 7 A& M ETEEAIIIC 3517 2 Al
D J) R & & s 3 B o BIfR IO W THEZ L 7=, ELASTomics (%, track etched
membrane &\ ) AEENET 4 LV AEBIER LT LT 2 A — L OERESZFIH L THl
R INLZ TR DB, & O HIIR RR MK FERICIRE 2 Z L 2 THH L2 ik
ThHD. BLEI L TDNA Z 7ROV R RE SOTF A b T 4§ 2 Mg E~
BAL, BASNETFARNT UFOEERE SGMNOMRERENZHR T L. 7%
AR T Vo ORE L ERIFRIER S — v ZEFIF L7 DNA & 7 O I L 0 FEi
L, 1 MR OB s FIBURNT & OREAMITIC J 0 MRk ) &8s 5BL0 KEBET 2
FHLLT-.
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