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Quantitative Assessment of mMRNA Expression Analysis at the Single-Cell Level
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ABSTRACT

Recently, messenger ribonucleic acid (MRNA) expression analysis at the single-cell level has

attracted attention for investigating the function and properties of individual cells. However, little has

been reported on the accuracy of gene expression analysis for a single cell. Therefore, we investigated

the dynamic range of this analysis using certified reference material (CRM) containing a defined

concentration of RNA. The methods of RNA capture and complementary deoxyribonucleic acid

(cDNA) synthesis were both performed with our automated cDNA synthesizer and the quantity of

copies of cDNA was measured by real-time polymerase chain reaction (PCR).

Results showed that RNA molecules from 3 to 1.0 x 107 copies at the single-cell level can be

accurately quantified using our system. This demonstrates that expression analysis of very low copy

numbers of MRNA molecules at the single-cell level can be performed. In this work, we demonstrate

that the use of CRM enables us to evaluate the accuracy of mRNA expression analysis.
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MRNAZER fZ 1T

MIENIZIE, T4 % v VU AREZEE (deoxyribonucleic
acid: DNA) & U REERE (ribonucleic acid: RNA) 23 %
O, T DITAEMIEBOMEFHCHEE B X 24 20,
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Fig. 1 The process of gene expression involves two steps.
The first is transcription, where the DNA
sequence of a gene is copied into mMRNA. mRNA
carries genetic information for making protein.
The second step is translation. In this step, the
sequence of mMRNA is translated to the amino acid
sequence in protein.
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Fig. 2 mRNA expression analysis at the cell-population

and single-cell level. (a) Analysis at the cell
population provides an averaged mMRNA
expression profile that is insensitive to variation
between individual cells. (b) In contrast, single-
cell analysis enables us to detect mRNA
expression heterogeneity among cells.
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U 7 LA A LPCREEE % FHV 72 mRNAJE B AT C
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R S D BRI IR e 1T K DRRAEN G E
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34: 2009 X NISO/IEC 17025: 2005125 A4 5 ~ %
VAV RNVATAIESETAEEIN TS, RNA
DOYRFEENIRINARFIRE EOHTIE L FERS T T A~
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7 — L S uiztotal RNADIR G T, RNADKRE &
NED LTS, RNAL000-BIE, HHEESCHE
RE, WHEERERENED LN TS (Table 1).
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I 572, 7L %AUHRRERNAL000-BDOIE S,
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(RNA 1000-B) » = v"—#i%, 3, 6, 13, 25, 50,

100, 500, 1000, 1.0Xx10% 1.0x10% 1.0 1068,

10X107a2— L LS. ZNEhoE2E 252
&, KM & 7x Stotal RNADEIAIZ%F L TR
ATHEZ2MRNADIREEHFIPH A2 E R CTE H 5L L.

ok, abv—Fx ZIXQIZRAT LI, THRIR
2 E B Na [molY], #'E &R % c [mol/pL], ¥R &
VLl AW CHEHENS.

x=Na *cx*xV 2

Table 1 Concentration of RNA1000-B.

Expanded

Reference value uncertainty

Mass concentration 59.5 ng/uL 5.3 ng/uL

Substance concentration 0.179 pmol/uL 0.018 pmol/uL

2-1-2  mRNA#iIHH - cDNAS

MRNAFHMENT CIx, TRl LT, o7
A BEmMRNAZ Al L, ffiH L 72mRNAZ #7811
DNA& K Z1T 9 W5 7 & 2 %2175 (Fig. 3).
MRNAIIIE TREERME DT, BT DB/,
WiliR G E% 3% %2 F ) CcDNA (complementary DNA: #H
HFIDNA) & iE LT bigiT 5.
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MRNAD it & cDNAG R %, A B ¥+ o B #)
CDNAS R ELE 2 IV TIT - 7. H #icDNAS il
BIXBEHRET LA RAMKE— XIS E
(MAGnetic beads Reaction through Arrayed Hanging
Drops: MAGrahdi%) Z )i L7 3L8@&E T, OGS H 7
U— b RICBOGH % 531 L, mRNAJHH & cDNA
AREAENTITH 2 LN TE S (Fig. 4) .
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[AE—XZ AW TmRNATH 2170y, ke — X b
TmMRNAE £ DcDNAG R & 17 5 . WEIZIE,
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Kit, cDNAA Ji%(Z SuperScriptlll Reverse Transcriptase,
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MixZ e
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K144% > TP ERFHT LB AT RE TANA AV—T

NeZ ERd 5.

L2vL, B FTHEZ2mRNAD = B — 503 e Bifb &
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REZ2MRNAD 2 B —H AW I L. 7ok, AGF
i CIEA DT > TNV BEE L ORISR EE3 pLTE
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Fig. 3 Workflow of mMRNA expression analysis.
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Fig. 4 Automated cDNA synthesizer based on MAGrahd
method (currently under development). (a) Image
of cDNA synthesizer. (b) Schematic illustration of
reaction plate for cDNA synthesis.
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AIHE7R & F TDNAZ HlE L TR T %. PCRiEIT,
BN T ==V T MR RISDIAT v 7 a1
LI NEL, ZOVA 7 NVERYIKT Z L TDNA
ZWET D HETH D, FTEEEEIT, BRI
2 T AREIDNAZ — AKE{DNAIZRREE S & 5. &K
27 ==V 7 &7V, — AREDNAD A B 72 56
FCTTA~—"fEESED. I ~—ITHRHL
T2V DNAD 5 E 5853 (2 R BAITRE & 3 2 AL Bl 1)
ZH oG A Y IDNAT, REZ T 5 &8
DNAIZH AT 5. EDOMELSTIE, 774
v —%HAE LTDNARY AT —BRERIZL - T
DNAGH S Z ¥, ALE OB ODNAZ AT
AT D, ZOVA I L EEVIETE, 1at—0
DNAIZERGR I 1T AR B S I e S 5 19).

U7 B A LPCRIEIE, “AHDNAICHEAT S
e TwmNERTLIRELHY, TowELEEZRIE
T5Z & THIME L CTWLS DNARZ BT 5 HIET
b5 (Fig. 5) . U 7 /L4 A LAPCREERE TIX, FIC
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VT NERETT ey FLEKTH S, HIE
HiBE, HEIEPEY) (DNA) EXEEMI T %
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P T ZARHDNAD — ARSI fRBE T 2 MR D &
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DFEWHEE L T\ 5D LRI TE 5.
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A~ — TG R 23150 bpD b D&, U TV H A L
PCRZ%# | Quant Studio 7 Flex Real-Time PCR System
AW TH 2 7L ORI SR G142 T
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Fig. 5 Principle of real-time PCR.
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Fig. 612, CHEDMIER KZ T . ¥ 7Dl
Mo % (total RNADE &) Hlic, #—4% v b
RNA1000-B?® =2 v°— Iz} F 5 CtiEi a7 v > b L
TW5. CHEIZY 7% A APCREBNED =V 7
F VB8 % Threshold & HiE B #R D 22 J DY A 7 1
L Uiz, HE—flL -~/ dDtotal RNAZ Y 7 v
WCHWTZRER T, ARREM TCHED /N Z > & 73
Hol=N, CHEIXEMR EICT ey h&ahiz., —7,
1004 HaC10 5 il L~ L dtotal RNAZ > 7 Lz
AW fERTlE, #—7" > M ®RNAL000-B 73 K =
FEIZIR DIZONTCHED b3 72 72 o7z, ZDJR
K & e 272912, flfigahfr 4 il L7,
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Fig. 6 Determination of the limit of quantification for
detecting RNA1000-B in total RNA from different
number of cells.
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EREL, o —47 v b ®RNAL000-B D & A3
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Fig. 7 Melting curve analysis at (a) single-cell level,
(b) 100 cells level, and (c) 10° cells level. The
shape of the curve varies with different DNA
sequences, enabling us to check the presence of
nonspecific amplification products.
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B —#i i L~ L dDtotal RNAZN & RNAL1000-B % 44
H L 72F%, Fig. 6 Fig. 750, E# EICCHEN T
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LovL, (BEMIZCHED T Y R RE Mol
Z OJFHIE, RNAL000-B % BEA NI 5ifs, (X
RERNAD ZETHA L L7 Y XL 5HH D TL00
T TN TIEFEINAINT Y EEZLND.
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Table 2|2 & BALMFE R4 £ & D7z, BfR#ER O
a2 Hic, #—4% v N DRNAL000-BD 7 % i H L
&M EO, =7y NUSOEY AR LTS
EXTRLTWD, ZOMRRELY, 7 i —
I L UL D, RNAL000-BIZ & TOLMDINE
1.0X107za =L JAWA AT I v 7 L U THRIEA
BE/RZ E2VURESNZ. LavL, 100fiE L~ LTl
1002 & —LLF, 105 ffa b~/ CTlL1.0 X 1052
v’ —LL F O RNA1000-B D (2 % — 47 ks LISk D pE
Mt S, MoEYOELEH T 7 T ILE
DRI N, ZOMREEERLICERT S &,
K=y NN L9X 107, ETThH IR X —
7y NORERRIATRER 2 & AR S LTz,

PLEXY, BE—Hl L ~Ldtotal RNAD S {2
JE D32 ¥ — DRNAL000-B % H EicDNAA ik & T
HH L, V7 A¥ A APCREE CHItHATREZ: Z &2
EEMIORENTZ. 2, FL—%E YT 1 O
SN EZANT, BEREZ X —5 > Mo
TIVOE RN R, 72 E, RNAL000-BII,
MRNAKF A DR U ALY 2 & > T\ D7D, AFEh
DIFEITFEBROFEFRIZBIT 55 = B — OmRNAR
HICHEISAREE B X 5.

Table 2 Summary of quantitative assessment.

Target

Sample quantity Tar%ﬁtllsnar}]ple Specificity
[copies] 9/ng

Single-cell 107 7 1
level 3-10 1.9X10"-3.7X10 O

3 7 -7, -3
100 cells 10°-10 6.0X10"-5.9X10 O
level 3-100 19%10°-6.0%10° x

6. 7 -7, -6
105 cells 10°-10 6.0 X107-6.0 X 10 O
level 3-10° 1.9%X107%2-6.0 X 10 X

EH—H#IpaL R )L TOMRNAR IR R

2% LV, HBEICDNAA B E CRNARIT, cDNA
BREAT S TR R, BH—Hla L ~L dtotal RNAD»
532 B —LL EDRNA1000-B% U 7 /L % A LPCR¥E
B CHRHATRER Z EBRHAL NI RoT2. 22T, 7

U r— g OBEEE LT, BEOHEDsE
REEAFIT2 2 2BEL, H—HmL~ Lo
FVAR MR 350 TmRNAZSS BLARHT 2 S0t L 7=

Bk

MRNAFEBLAEAT 21T 5 Ml D> 7 iz, REO
AL iPR3D-HPEK-50 % K /3L IR RE THE 2 L 7=
faz iz, REOMACHIIRIE, RoOBESHLE
THROBNERY, IRHE %T%ﬁm THEELT 2 mMRNA
MRS TWDHY., REITEIZR->TEY, KK
FT@W“WTé &T%kﬁ@#iméﬂé %

et & <R, AEIZRDS. DFED,
ﬁ%i%fﬁ@ﬁi* HMERRE L 70 5. ARIEBRTIX

FEAEETOMIT—E *%ﬁ?5)77V/X
DN AF—E 7B T-GAPDHE,, RO AL
R A ARSHCIRRE DR R IR BT B~ — 7 —19

3-1

KERATIN 14D BIUfRNT 21T > 7=, RFEBRIIV 7
VM RAACIRBE TR L7l D 7= %, KERATIN
MAOFRBEIIZ N2 EPEEINS.

B T 1005 O Al A AR CTER DN LT 4%,
100 e, H—ME L < ICHR L2 0E Huniz.
MRNAZEBLEATIX, 2% & AR O KSR E v
T, HBEIcDNAA A EE & TmRNA H & cDNAA K
ZERL, VT IVZALPCREBECTHRIHLEZ. 2,
774 ~—I%, GAPDHIIHIF 3138 bp, KERATIN
141G 723126 bpd & D &4 ] L 7.

3-2 R
Fig. 8IZHYME AR T — %, Fig. QIC@lfEih#R T — &
BT, NTZAFXF— S TFGAPDH, o

AL AN AR 53 (b D B D~ — F —KERATIN 140 %
BUREAT ORGSR, Wi, 10041 L~ vt
VDR, L HIZDNADE AR ST, £z,
BRERAR NS X — 7 > hOBZRBH SN TS Z L
BRI, Ko T, MlanREELRT~— T —
Z A #)cDNAG pE®E CHfiti L, U 7 v % 1 APCR
EE CmRNAFSBUIRNT 21T 2. 5 2 & DSRGE S 7z,
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(a) GAPDH

10.0 #Rn (Relative normalized fluorescencechange)
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Fig. 8 Amplification curve of (a) GAPDH and (b)
KERATIN 14 at single-cell and 100 cells level.

(a) GAPDH

1.2 Single-cell level

1.0 100 cells level
Zos8
S
L 0.6 -\
< [
‘0.4 f—

02 ok

69 74 79 84 89 94
Temperature ['C]

(b) KERATIN 14
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Fig. 9 Melting curve analysis for (a) GAPDH and (b)
KERATIN 14 at single-cell level and 100 cells
level. Note that a single peak was observed for
each reaction, indicating that a specific sequence
was amplified by PCR.
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MWW 7-DNAHE IR T, Mlafs R~ —T—o
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Wb E, BEERMTIISLD B0 YA 7V EIER
6.7 A 7 VEI2 D, Fig. 85KV, Mtk D EITHd
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