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A New Technique to Discriminate Homologous microRNAs
Based on Rolling Circle Amplification

ZHAO Bin" , ZHANG Xin-An
( Department of Physiology and Biochemistry, School of Human Movement Sciences, Shenyang Sport University, Shenyang 110102, China)

Abstract Rolling circle amplification (RCA) is a newly invented technology based on the virus DNA
reproduction. Recent years, it was widely used in the field of miRNA detection. Discrimination of highly
homologous miRNAs is a choke point during the research of miRNA. We creatively imported the
molecular beacon as a model to optimize the RCA process to increase the specificity and sensitivity of
miRNA discrimination. Relative fluorescence intensity ( RFI) was monitored as the fluorescence changes
in RCA process. Results showed that T4 RNA ligase 2 could access the highest efficiency of
circularization during the RCA process which promoted RCA at high specificity. By using RCA
technology , members of highly homologous miRNAs Let 7 could be discriminated at the amount of 5 fmol.
The RFI of Let 7a is about 1 550, whereas RFI of other family member is about 260. Discriminating data
of other Let 7 miRNA members also showed significant differences. This sensitivity of discriminating
miRNAs could not be achieved by traditional RT-qPCR method, which discreminating sensitivity is 4
pmol. Optimal RCA technology used in this study in discriminating highly homologous family miRNAs has
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not been reported before. Results and conclusions obtained in the study can promote the applications of

RCA in the field of high-sensitivity detection of miRNAs.
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Fig.1 The RCA system which is the mimic of the situation of nick forming by the circle padlock in RCA

rolling circle amplification(RCA) ; highly sensitive; miRNAs detection
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Step 1: The

miRNA was matched with the circle padlock, and therefore the gap was ligated by RNA ligase. Step 2: The RCA was continued

while the polymerase was added, accompanying the florescent intensity increased
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AHHG, RCA Kol miRNA JBEGHE SRR SR, LB E 111 EHERF5H AR BSh %

RERANNEIEST L A s A TR (KE) ABRA B AR, B i A% T TR gl B R

gl b i s HPLC 4ifb 2%, slifb A% IR v Bt TE 2% /i (pH
1 M#STE 7.4) FiFEZE 100 pmol/L, ¥J4y )5 , & F-20 C VKA
1.1 ## HRAE , PCR FITifs 2097 i il & T -80 °C

Table 1 Oligonucleotide probes used to identify different members of Let 7 family

Probes Sequence direction is from 5'-3'
Probe 7a CTACTACCTCATCTTGTTTCCTTTCCTTGAAACTTCTTCCTAACTATACAAC
Let 7a UGAGGUAGUAGGUUGUAUAGUU
Probe 7b CTACTACCTCATCTTGTTTCCTTTCCTTGAAACTTCTTCCTAACCACACAAC
Let 7b UGAGGUAGUAGGUUGUGUGGUU
Probe 7c CTACTACCTCATCTTGTTTCCTTTCCTTGAAACTTCTTCCTAACCATACAAC
Let 7¢ UGAGGUAGUAGGUUGUAUGGUU
Probe 7 d TACTACCTCTTCTTGTTTCCTTTCCTTGAAACTTCTTCCTACTATGCAACC
Let 7 d AGAGGUAGUAGGUUGCAUAGU
Probe 7e TCCTACCTCATCTTGTTTCCTTTCCTTGAAACTTCTTCCTACTATACAACC
Let 7e UGAGGUAGGAGGUUGUAUAGU

L1.2 XA Tris-HCl ALY TARON W] 77 FEREARAS I B ALAR A 72l BB ALK 10

NaCl, iz A4t fb T A 7= Tris, EDTA W 1L
i B 24 2RI A B A B2 R 5 BT A S K B 25
B /K TE 22 vhii  KCl % L CaCl, %W . TB 22 vf
& Stains-all & {6,745 T4 DNA % £ i . T4 RNA
HEHEE 1, T4 RNA 3% 405 2, phi29 DNA X5 i
Sybgreen 114 H NEB 23 A, ANTP Iy H 44 T.#2
(Ki%) HHRA T, SYBR® PrimeScript™ miRNA RT-
PCRKit i A &M A EAEY TR (K#E) AR
NI
1.1.3 &M E  Infinit M200 Z I RERGEARAX (75
H,BHAF]) ;7500 Real-Time PCR System ( ABI 24
A)) ;& B D LAE,
1.2 RIAY 1A

let 7 ZX % miRNAs VR I 1287 1 & J i —
TR IRY 1, AFRIR DNA A, i 1 4
FE DNA 514 ( 53550 BRI EL AN ) |, 76 Bk
T ANTPs 75 i B8 DNA, L B85 DNA 055 il
A TAES B AN B, ARSIl B 1F
W% R B, 24 MB ik i R B (0L
Table 1) ,
1.3 IR

£ 200 pL 19 PCR EHMA 8 plL & 45 1Y 22
WA 0.5 w1 wmol/L 5 ¥4 432 i FR AR AR
£t (Probe 7a-7e) F1 BARG |4 (let Ta-Te) (U Fig.2)
JEE 10 min, AIIA T4 342/ (T4 DNA 428 T4
RNA JE4%8 1 5% T4 RNA ##:0 2) 15 30 min,
1.4 Ry 15

pL FESEGE PR (10 AR EE) 5 L dNTP JEW L1 pL
FIRERE YA 1 L sybgreen [T 44k} %5 10 min,
FOCEFAE T, A 1 pL phi29 DNA B4 E 30
min,, AR (S B W0 VR PR 1 1 R v 2 0 B
(AEAk, BEBE G 30 s, 3 60 MEFR,
1.5 SEREZE PCR #ill miRNAs

i FH ABIL A ] Y 7500 SEHT € 7 PCR R 48, K
JH SYBR® PrimeScript™ miRNA RT-qPCR 7 £ %) 7
R miRNAs J581 53 5347 3190 5 5 SR 5 R et
Ta B _EES1 %) let 7a let 7b let 7c let 7 d let 7e
AT S B S ' PCR, ¥ AN [A] miRNA A6 ) &=
([m]) #EATRI , ARIEEE R HA AR Cefa, U
Ct AL FR g m ] AR AR R AR 154G I 2R
WEESH,
1.6 FitEHRZE

FHXF R B AFT T AR AFL=
(Ft-F,) ,F, RS FERE A SN 1A 2 I 1 55 19 2l
BRI F, R INAREEG KARME ., IHFIH SPSS
22. 0 FAFHATGETT AT , AR 2 i B 5 5¢ 4 B #b
T Xof Aot a4 348 3 R e Bt s 1) 2 Ak 8 26 S S

ARG EIRE TR miRNA F MY /5
HEAT VRIS T AR X S S0 B R AT T SR AT
U SR A I R 20 3 RSB B 1 YA TR IR
B AR 25 BE HEAT I ST AR AR T A5, P>0.05
FNAAE B E =S, P<0. 05 FRoRAE . E k2
5, P<0. 01 FRFETEN b B RS
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Fig.2 Schematic diagram of the RCA for Let 7 d

not matched well and lower fluorescent intensities were monitored
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2.1 RCA FiELIE5IHK % miRNA
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RCA BYJ7IEXT let Ta AT %51, 22 let Ta 5 FFAR
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4k LA et 7b let 7. let 7 d. let Te 5 HAREEES
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Z 1 550, 1M HiAth 4 Ff miRNAs (let 7b-7e ) 5 HARHE
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[F)RE B () PRRARE T A S5 52 1 let 7 235 miRNAs
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FEXS 9 SER BERE A (E A 1 400, 55 let 7a BAAMFEAT
RIAY SEIEINAE AR 24 (90% ) 5 24 5 Z Hif [ FF 5 1Y
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450, AL Ky let 7a PR HE AT R BA YT HG B 5 0 (B
1 29%
2.1.2 let 7b.let 7c let 7 d.let 7e 89 % 5] e
Table 1 H143 555 let 7Th~7e J351) 58 4= HAMICXT B35
WREEEE (probe Th-probe 7e) , #JFH RCA £ AR X let
Tb-Te #4745, %% let Th-Te 5IARERER (probe
7h-probe 7e) HAMICKT 5 IR AL JRIAYHE 1 AH X 28 5t
SR AR AR, DL A 4 Fh 5 IR EE (probe 7h-
probe 7e) F LG MEFTEIAY 1Y |

When the probe
the fluorescent intensity was increased a lot. By contrast, when the probe 7

3
@} Low flourescent intensity

7 d was mixed with Let 7 d, they were matched well and

d was mixed with other Let 7 family members, they were
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Fig.3 Histograms showing the detection specificity of
the designed probe 7a to identify the correct Let-7a

Mixture 1 contains all other four Let-7 members except the
intended target Let-7 species, whereas mixture 2 contains all
represents P<0. 01, which has

extremely significant difference compared with Let-7a

in Fig.4A iR, RIS S let 7b BAMIEXTHT
let 7b FRALFR IR 34 5 , A X 2€ 6 0 J3E 740 4 1 m
% 2 245 1 HAth 4 Fh miRNAs (let 7a, let7c-7e) 3 A&
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XF 9o B 22 RGN A 150 (let 7c) , e/ {3
55 5 245 2 1 TRV AR B A AR RUTA et 7 %
miRNAs ( mixture 2) 1R A0}, 3 — 4 SE B IR L AN TR 24
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Y $8 AR X 2 G BE R (B A 1 987,45 let 7b H
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B J5 A5 B 34 0 i (5 R 260, 1A let 7b B
IPEF TR Y RN E Y 12% .
1 Fig.4B,4C,4D 7R, #IH Table 1 H143 515

five Let-7 family members. **
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Fig.4 Histograms showing the detection specificity of the each designed probes to identify the correct Let-7 members

Mixture 1 contains all other four Let-7 members except the intended target Let-7 species, whereas mixture 2 contains all five Let-7

family members.

* represents P<0. 05, which has significant difference compared with completely matched miRNA. ™ represents P

<0.01, which has extremely significant difference compared with completely matched miRNA

2.2 RCA %3let 7a IS REE

ASCHIH RCA 2 AR %5 805 miRNAs 1) R
FEL) let 7a R, WA ETTE A BESE AT AL, 2418 H] probe
Ta %550 let 7a 5 HE M miRNAs B, T3 K
() (RS BE AR AR T let 7a ) /2 let 7e,
U B R RIS, AR SCGEEE T let 7a Fil let Te
YEN B S . S5 50 Fig.5 s, 4358 let 7a Fl
let 7e TER Y W), & 54 50 fmol 25 fmol , 10
fmol F1'5 fmol B AIXFZEETR L . 2 let Ta Fl let Te
FR A6 43591 4 50 fmol .25 fmol F1 10 fmol B, 4
X e e i 2k T DL X F, R, MR

10 fmol B}, 154K 0] LL¥s let Ta il let 7e BEUFHY X 43
FF 5 MU BEIRT 5 fmol B, P & AL TR AP HE B (1)
AARVETE B, AN BB I 7 P B A X 0 0R BE
I, i FH probe 7a Xt let 7a il let 7e FEATIR AP 2%
S S RAE R S fmol, Fig.6 MR I SE 1
TN EE A BRI T X — A

3 it

3.1 RCA HARHBIHEM R
RIS =W AT H LA DNA &2 i 5 =0,
WWZ s DNA WE Sl kA F N FE#E
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Fig.5 Fluorescence curves showing the detection sensitivity of distinguishing Let 7a and Let 7e
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Padlock probe was probe

7a. Fluorescence curves showing the discrimination curves of other Let-7 family members are given in Supplementary Materials. ( A)

50 fmol; (B) 25 fmol; (C) 10 fmol; (D) 5 fmol

C Let 7a
2000 [_BVCid
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=
<11 000F
500
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Fig.6  Detection limit to identify the correct Let-7a
ability to discriminate Let-7a from Let-7e target at
different amount Let-7a could be significantly
discriminated with Let-7a at the concentration of 50 fmol,
and the sensitive discrimination could be detected until at 5
fmol. ™ represents P<0. 05, which has significant difference
compared with the equivalent amount. ™ represents P <
0.01, which has extremely significant difference compared

with the equivalent amount
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TELLX AL SEAT R S i b, SR ARXUEE DNA 1Y
—ZRHELE DNA S fUARUIIT 57 I w7 29

XM DNA 545 il T SH Reote Jid A% Ml A 11 R 3R & 1
3'-OH ¥ij, Y& WM ATHATH, 2248 DNA L 4% DI
(1) 5" u 4k 22 B R ok, I HLAR PRl st 45 & 8 1 T
it PR 5 i IR 1) T fiff B8 19 ) s R A 20K
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SRR 1) BT ZE A DRI AR A 4
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Jet4 RCA H-F SNP i bt ot w5, Al FH i
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FRE, LIRS — B T R JE IR A Feak T 1 | 2 BB 1 45
SR A58 55 R B ¢ v R S B 7E 41 mRNA (19
BEP I RCA BR 5 = 4EM DNA 5 4 5
RS- EALE A, HREE R AL G ehRic ik —
252 WK RCA B ARMNT T PCR Fiifh 2%
SCHFARTEREE 1 AR KRR BE B4R &, N =2 R
JCRBENE , KA R AR A Frekeats . PRI UE, A
T PRSI FNATF 7 7 T A AR 58 A P 3
3.2 FMH RCA FHiEL5 let 7 ZX & miRNAs
ARWFIE R I, IR B, AR ENAE7E RNA
FPA T S PR AP B 30, R, TR IR 1 47
ARKLM miRNA B ) PRAR IR £ 75 22 2% & DNA J7
&, 70 H P b R S RNA i 36 2, AN
1993 4E55 1 4~ miRNA # &I LK, X miRNA e
PRR W DSRAEHE T o SO AR S 19 miRNA 46
IE AR &R, X — K, % miRNA A &5 (117
BIAEEALHH R T A2, HAT, % miRNA 2 85
Mrig s i E BRI TS0 PCR S A HR B ATH B
SRR A A% B 5 ASBIESE T JE & 56T RCA
FAR miRNA K 75 2%, 241 T —Ffr Pkt | ] s
B miRNA K45 R . miRNA 70 F B 3% HER
RERET AT 5140, I o S PCR G AR 1
EES LR M H. R HE SN R AR A AR AR
T, AT ERE A THE MRS R, SRR
i A5 — AR T 7 B A I A R D T LB G (R
(LB R P T 7R, AR & H AR, 3%
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— BT IR SR A 5 TR ASAEFE B B9 miRNA
I, JHC A I 2 AR G, X B kAR 4 b HE R T OB
miRNA 17 76 9 7] BE Pk, A0 58 89 2 T RCA 1Y
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70% , A [ HE Z IRk E] 90% . AWFIEIEER BN, FIH
RCA %51 let 7 815 miRNAs I, AHXE9E 00 B 1 1Y
FLAE TR 2 5% , i A8 T 238 09 A1) FH 10 51
FEARI 39% , XL RCA 78 % 50 75 R U5 1 40
miRNAs I HA 5 B 1Rk

3.3 EEHRER

3.3.1 SYBR Green Il %64 JETIRIY 1
;) S B VR A 1 Sy i R e R R S e Y B
BE DNA K00 5¢ Y6 44 B SYBR Green II #E47 9264
DN SR T P A S R e R R R B S
fmol ,
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