)) ) EUFES LR R
Progress in Biochemistry and Biophysics
' l12024,51(3):706~715

www.pibb.ac.cn

miR-451a #1 miR-21-5p WE LA EZ PCR
MR R Ry EE ST K v A

#] HiZ) ﬂ—‘%?i” —73’&‘:;‘/1\2) '713_1 #2) %
(" EARAGRFmEEEE, L 100038;

D ONGIRSEE L, B YREIRR R B R TR, LR AN TN S %, Jhat 100038

DI ER R E B, KB 030001)

MR HREE

~ *kk
RN

Fhos LT

BE BH N THRESHERFR P miRNA G AR AR, ASSCHEST T —FREA2 [R5 AR & 2 PR miRNA 1) 3 E
SEREEE 1 PCR (real time fluorogenic quantitative PCR) iR ZR , I3 4 SEBRAR ARG I 38 11 H: 7 FH 1A v 1) A R
Fik TG AT miRNA BRI A T | ) AR ET AR L 3R R A 53, 57 36T TaqMan BA ) miRNA XUE SR 5
€ PCRAGINMR R G HARR T 1 . REUEERI T S5 M5 A F B R 22 %6 58 3 A AT RE A H 1 miR-451a 5 miR-21-5p
PEATRI, IFH B miR-451a 5 miR-21-5p (9 LU B S8 8 W PPN 2R R PR SE I RE J) 5 A Izl R R AR AR B i 2 1) et
TR EXE LR AR TS . SR PR kAR iR R B ST ik SR M . A 285 4ME M 100% X453, [ AT

DA B BAU SR PP REA R R 4 551 . 258

AU S I RE 8 PCRASINAAR Z0RE I 6] RS LA 4 B ORI —2F, A

Jr ANy S 22 T 1 SN O E B PCRAGIINA ZRIF I H U ST R 1 A

KR EERL:, IBER], WE S 9OGE  PCR, microRNA

HFES3ES DF795.2

MicroRNA (miRNA) Jg&— & PN 1 A 2 A%
RNA, HA &R0 M A 8UR 5 S
H 2009 4F- Hanson M HHAT A Yk #8575 T miRNA L H
TR R A g I LK, Ok 2 B (R R 5
P miRNA g FGEUE = (R SRk B2
) —DEZERE, ETLCAUAEB EE HEEA
HEBR . 2 FEHEPUAFR L R LR AR . BT
1 B2 28 B R Sk miRNA SR JFNRE A PR TR %
i) 3 AR S SR S8 I 98O E i PCR (red time
fluorogenic quantitative PCR) Fzill4% AR o %773k 7]
DA e 80 R b A ARG = B2 2634 19 miRNA 431,
WA R i B2 2 SR miRNA (&4 7. H
H AT FHIZ AR B AE AT K 22 R FH Sl 3 i B
PG 72X, LR PR EEX 2 miRNA R
CHFAT RIS R EE , SN AT 3kk oo R 22301 T 2 IR
RIS B [ A R A h B IR A A
TESR T Y, OIS AR AT 5 0 A5 40 B i AT
BE, T 7 o 5 s S ARG R SR At it
Ab, T2 RE TS IS I TAER: . 450
BAS DA SRS, AN TR I 98 iR HOE

DOI: 10.16476/j.pibb.2023.0211

=B i) VS ES bR Vs 5 S~ o R ol 5N P B = v
miRNA £ 5 S8 8 i PCR A IR £ 7T UfdH:
TE A AER % [F] A B v A5 miRNA 4 A
M (M) LSR5 W Bk
PE—BEVEAR 2 Pl IR 28 T 455 L 1A R
P T A A B 003 P X T R B DA
NARRGEEIAE T EEME L AL
ZEHIYIHE T miR-451a/miR-21-5p A 56 R 40
H %4 Ifi. (menstrual blood, MB) 5 #pb J& I
(peripheral blood, PB) 1Y J7 ik LA M B ST 56
JE it PCR K INF A, U528 1 % PB 1 MB #Y
100% %5 5] 11 HIZ A DNy 325 5 B 3 ik 7 A
miRNA #E17E Ska il . AR SCESL AL b, #F—2
A7 7 A] [ E fE miR-451a Al miR-21-5p Y W K5
WA R, FEXTHERIEE T AL bR HRE T T 5
 [E 5 H SRR (2022YFC3341002) FlAA 24 3R RlH 5 2 Sl
TAELI (20225C11) ¥EBHIH .
s IR A
BETs Tel: 010-83903363, E-mail : rlianjie@163.com

FME L Tel: 010-66269531, E-mail: sunqifan@cifs.gov.cn
ki FI 9 - 2023-05-29, #:% H 4: 2023-10-07




2024; 51 (3

A&, %: miR-451afimiR-21-5p W E L AT . EEPCRIQE 2R B L K 5 F <707+

IE. S5REW], ZRIARBA RIFRERPE . &

SERUEREE, [RIFERTLL100% X453 PB f1MB, ]
BHA R KT T SCIRm [ FREATHFE, i 2
T miRNA FSE 98 6 58 it PCRAGINAA R AL T 1
HANST

1 #M#EFZE

1.1 ##
111 BEACREE

MR AR TR S0, ARSI 6 MR AR [ P b
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M miRBase £ 4f % 2 i I T 2k miR-451a 5
miR-21-5p P FIME ., 456 51 REH T A
miRNA ) [ 5 45 5k J& ok 7, il A 7 4k 31
OligoAnalyzer™ Tool F1 %X {: Primer Express 3.0 F1 1T
BEHE T O AT 2500 5 5 5 |4 SERF 2
FEHPCREIY) GERIER S . Rt m5149)
Pl TaqgMan-MGB #£%t (£1). DI MR Z A
TAEY TR (L) BOARAR SR, miR-
451a, miR-21-5p. miR-891a-5p. miR-144-5p.
miR-203a-3p Fl miR-320a-3p bRtk b i A 5256 28 i
ZIEHEAYHEAR dts)) ARAFRGEIFT
—80°CUKAH i fE 1

Table 1 Sequences of miR—451a and miR—-21-5p themselves and their primers/probes

miRNA Information type Sequences
has-miR-451a RNA sequence AAACCGUUACCAUUACUGAGUU
Reverse transcription primer (miR-451a-RT) GTCGTATCCAGAGACTTAGGACCGA
CCGTGTCTCTGGATACGACAACTCAG
Forward primer (F) AGACTTAGGACCGACCGTG
Reverse primer (miR-451a-R) ACCTCCGAAACCGTTACCAT
Fluorescent probe (miR-451a-P) 6-FAM-TGGATACGACAACTCAGT-MGB
has-miR-21-5p RNA sequence UAGCUUAUCAGACUGAUGUUGA
Reverse transcription primer (miR-21-5p-RT) GTCGTATCCAGAGACTTAGGACCGA
CCGTGTCTCTGGATACGACTCAACAT
Forward primer (F) AGACTTAGGACCGACCGTG
Reverse primer (miR-21-5p-R) TCCGCCGTAGCTTATCAGACT
Fluorescent probe (miR-21-5p-P) VIC-GATACGACTCAACATC-MGB
1.2 Fik RT (1 umol/L) #%0.75 ul, JCHRIAE/K 5.66 ul, £

121 RNAFEUSEHE

% F miRNeasy mini i 7fl & (Qiagen, 7 [ )
PEHCRE AR B B RNA®Y , B ¥ & 0 5 ot
NanoDrop 2000c 53 6. £ i (Thermo Fisher, &
) I 5E e B Il 4l (Aye/Ay) KT HEHL
[ RNA i,
1.2.2 ‘Wé%

1% F} TagMan ™ MicroRNA 1% # 5% iR %] &
(Thermo Fisher, FE[E) #F78E A LKA
cDNA. 15 pl W AR RALHE : 10% 33 4% 5 2% vh Il
1.5 pl, Multiscribe™ 3% % S (50 U/ul) 1.00 ul,
RNase #I il % (20 U/ul) 0.19 pl, dNTP mix
(100 mmol/L) 0.15 pl, miR-451a-RT 5 miR-21-5p-

A5 ul (BRNAFE M 10ng). BIFEITHEMAR:
16°C, 30 min, 42°C. 30 min, 85°C. 5min, i&fy
SERUR BT 4°CIORAT o FIAEAS R e g TCAL R T K
BB IO BPEXT B (no template control, NTC).,
1.2.3  XHEqPCRIEVAR FR AT AL AL

%F miR-451a FlmiR-21-5p IR A FRifEsh (4555
5ng) HEATWIRE S SIE, #2555 T QuantStudio™
7 Flex Real-Time PCR {3z 171% 32 i % 6 5 it PCR
RN, AR Z& 145 . TagMan™ Universal Master
Mix II (no UNG) 5ul. miR-451a IF % 7 5| 4 4%
0.4 ul (e ¥4 400 nmol/L) . miR-21-5p 1F J
0519145 0.4 nl (24 1 400 nmol/L) . miR-
451a-P 5 miR-21-5p-P 4% 0.3 pl (£ ¥k & ¥ N
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300 nmol/L) . c¢DNA ##z 0.67 ul. Jt % & B 7K
213 plo ¥ 84 [ N 2 ¥ A . 50°C 2min, 95°C
10 min; 95°C 15s, 57°C 1 min, 72°C 30s, fE¥*
407K

FEARIE LA b 3 SR 58 5% 58 1 PCR RN AR 5
Ho At 45 1 A A8 15 DL T B AR T | 4 ik
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1.24 tyEbRiEfZk
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SRR, HENTEL6.02x10%; C MARMES RS
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JERG REEA T )5 S Y G 5L 5 -l /E qPCR 4 4441
R (raBEHER 3IELE), FHMRIEAX
E= (10"-1) x100% i15345 A 9 808, EfRGR
HR (efficiency), kZRPR.
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PCRY™ 1S (BELE 3L ), THEHL RIS
SR
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XF 40 43 1 AR AR 1 18 43 R MR AE A 54T miR-
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AR, HHAESEK S (Mann-Whitney U K

59) #EATAME NS A 2eai . 1S EE A 2= Sk 4y
B, P<0.05 GBI # 22 7 HA G it & . A
i i Z W # TAE R AR (receiver operating
characteristic, ROC) [ £k i) il £& '~ 1 #1 (area
under the receiver operating characteristic curve,
AUC) TPA 2R 44 22 44V 45 501l e T LA B if
I BB
1.2.9  REEER
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R EER RE ST, 0wl £ PB 5 MB AU ZE
FEARZS 30 (50 wl PBAIALINLA, B5H2 ecm? /Y
I BAEAR ), IR HBCETE RSN AR AR T 1,
4. 8 dJFHRHURNA, A5 BOLAL 4 i WU 1K 2R
AR

2 & R

21 WEqPCREMNEZRMKK

3 2o X WU S B 9 ' 7 i PCR W AR Z ()
SIYBRER S AL, R T 18 A
miR-451a F1 miR-21-5p [ A 5L ¢ 6 A2 B PCR
MAEZR (R2).

Table 2 Components of duplex real time fluorogenic
quantitative PCR assay system

System component Volume/pul
TagMan™ Universal Master Mix II (no UNG) 5.00
F (10 umol/L) 0.60
miR-451a-R (10 pmol/L) 0.30
miR-21-5p-R (10 pmol/L) 0.30
miR-451a-P (10 umol/L) 0.20
miR-21-5p -P (10 pmol/L) 0.20
cDNA template 0.67
Nuclease-free water 2.73
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Fig. 1 Standard curve of duplex real time fluorogenic quantitative PCR assay
(a) miR-451a; (b) miR-21-5p.
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Fig. 2 Amplification efficiency diagram of duplex real time fluorogenic quantitative PCR assay
(a) miR-451a; (b) miR-21-5p.
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WA Y, 2O R A R B R
Sk (E13).
25 ESMHWIE

fifi FH & 220 Ak %) XU 52 ) 2 )l 7 1 PCR J7 ik
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miR-451a Copies _ 10
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B, S5 WINPT AR S5 REIATE 8% L
T, ULRHSCIRAS ST A M 2, T I RGE
SR E PCR FIEH AR MWER
P (£3).
2.6 TERLEFIEES S

#451/21 Ratio & N miR-451a 1 miR-21-5p
P4 DK He, Hor miR-451a A miR-21-5p {7
AT 43 3 o AR AR 2] 1, 451721 Ratlofr%
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63.73 — (miR-451a Cq Mean)
4.869

miR-21-5p Copies

61.14 — (miR-21-5p Cq Mean)
4719



-710- EYUFSEYYIEH#E  Prog. Biochem. Biophys. 2024; 51 (3)
2.95T
250
225
2.00
LASF
£ 150
<12t
1.00
0.75
bl
0 A
2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40
Cycle
Fig. 3 Specificity test results of duplex real time fluorogenic quantitative PCR assay
1: miR-21-5p; 2: miR-451a; 3-6: miR-891a-5p, miR-144-5p, miR-203a-3p, miR-320a-3p; 7: nuclease-free water.
Table 3 Repeatability test results
miRNA Dilution multiple Intra-batch variability Inter-batch variability
Mean SD CVi% Mean SD CVi%
miR-451a 25 12.26 0.04 0.30 12.19 0.20 1.61
125 16.33 0.07 0.43 15.54 0.73 4.69
625 18.46 0.07 0.37 19.4 0.68 3.49
3125 22.64 0.06 0.28 24.14 1.71 7.10
15 625 26.31 0.07 0.27 28.66 1.75 6.12
78 125 29.15 0.07 0.23 322 2.52 7.82
miR-21-5p 25 11.19 0.08 0.68 11.3 0.09 0.84
125 15.13 0.03 0.17 14.55 0.61 4.17
625 17.3 0.03 0.15 18.27 0.69 3.78
3125 21.3 0.02 0.08 22.71 1.5 6.59
15 625 24.94 0.04 0.16 27.07 1.51 5.58
78 125 27.87 0.05 0.18 30.59 2.19 7.16

XTI 58 3 FE AT miR-451a 5 miR-21-5p
(RTS8 X A5 2 1 B A T EUAET 5 LAPTAS
PR o Hod 40 03 UBAEAS 5 18 3 R AR AR
[ 451/21 Ratio HLH 45 A i IR FE A 19 LA 8 2
KFEMBEEA, HMEEAREEZER (P<
0.000 1) (&l 4a). 2043 H &M FEA L 20 341 & iy
FEARIR 451721 Ratio HL#E4E F s AR MR A HU(E
AR T H L MFEA EAE, P35 [FFE R B
%5 (P<0.0001) (E4b).

Xf SR EHE EA T ROC/0HT, ISk . H £

1M 40 JE i () ROC BHZR 11 AUC Y Ry 1, 3k B
T miRNA BUEE S 2t it PCR A I A R 75 21 1Y
BOIEAE R A2 ek e xSk . A 2l 55k
JAl i[RI FEA 100% 2251808 (Bl 5a, b)) [FIRT,
M5 ARI . 285 A0 i i B AR AR B E 53 50 4
2.989 F116.240, Rz WU 5L A 24 5t 2 PCR Al
R BRI SR F TR . 24 0<451/21 Ratio<
2.989 1), FIHIAAEIMMAFEA, 2.989<451/21 Ratio<
16.24 1}, 5 H 21, 4 16.24<451/21 Ratio
BF, A AR



HHEFIR, %5: miR-451afimiR-21-5p M E LA EEPCRIGIIE R AE L R I A <711~

2024; 51 (3)
() Aok
30 - | I
o 20
g
o~
S
%
10
0 1 E |

30 F ]
T
g 201
=
~
.
E
<t
10 F :
1 1

Blood Non-blood

Peripheral blood Menstrual blood

Fig.4 Sample detection results

(a) Blood and non-blood samples; (b) peripheral blood and menstrual blood samples. ****P<0.000 1.
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Fig. 5 ROC analysis results

(a) Blood and non-blood samples; (b) peripheral blood and menstrual blood samples.
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FAHY M RNA FHHE, [l 451/21 Ratio 4% FL b 75 B4
B 1% S 6 2 i PCROAS A 22 A9 34 53 s v
(= 4), BUANJE I A H 20 2 /D75 22 0.1 ng B

Table 4 The sensitivity of miR-451a, miR-21-5p and
451/21 Ratio in 5 body fluid

Sample type Minimum amount of sample/ng
miR-451a miR-21-5p 451/21 Ratio
PB 0.01 0.01 0.1
MB 0.01 0.01 0.1
SA 1 1 1
SE 1 0.1

VA 1 1 1

RNA, ME . AW A IE 53 R 2075 2 1 ng B
RNA.
2.8 EFHEIIE

XoF 25 o KU R B E A I A 20 A i Y RE AR 1Y
451/21 Ratio 25 FIEAT RN ¢ Ke 56, PILH AR 22570
St EE L (P>0.05) (KS5), UEHIZME SR} 2¢
A2 18 PCR Rl A 22 i 75 45 SR 55 B s Al 1) 45
HERf I —2
29 EIRGERKRT

X ETE AN RS T 1. 4. 8 v
WA AT WU S B 96 Y 1 PCR AN (3R 6) .
SEIL R 3B RIBR B AR R A 4 REAS AR H5 1%
TR B bR HESEA T AR A HERR 0, BN
For A 72 B I Tk R SRV T
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Table 5 451/21 Ratio detection results in different systems

Sample type Single detection Duplex detection

PB 25.64 26.78
25.66 26.36

23.21 22.99

27.77 26.07

23.88 22.76

22.74 23.28

24.97 24.84

21.34 21.59

23.29 23.43

22.79 21.71

MB 11.79 7.58
7.32 8.15

5.12 6.56

8.21 8.25

2.4 3.47

6.25 8.87

3.36 4.26

3.45 433

5.07 5.68

9.42 10.64

Table 6 451/21 Ratio detection results of simulated sam-

ples under different placement times

Sample type Placement time
1d 4d 8d
PB 29.37 28.45 25.33
26.91 28.29 27.36
26.36 27.93 24.04
MB 4.41 4.53 3.31
11.99 9.12 13.96
8.05 10.40 11.63
3 #

ULARSRAPEBE > T A A AR K, SER DO
JE T PCR B £ 7 8O 1% R 7 B Al Hp 28 5 H 2L
MR . SR X LR 2 S 96 E B PCR 1%
ARTRAE [A]— BRI 2 A {22 21 S 5 | AR
B, IR 2 9058 8 19 52 9O B PCR AL ]
PG P A B A 2> FARid . 2 H S HEEE
1 PCREAHY H BN 2 25 ARG T SE 3 AR
FFRRAR AL R o AT PR S 56 e
PCRYH, ZH LIPS E f PCR HOA il Y
R AR o 22 415 | W) 2 TR0 A — SR AR el R B A
B, WIS ECERE Y 3 . PIERCREER . A
RABPEMEE T TR DA pRIe s, —Jr miee o

S5 FI LD —BRIRBIE R, 75— 5 i
AR A 22 b 4% 28 O ) o B s i 45, LAJSAT fg
PE A AR IR — Btk

JRUETE KA RNA B3 DNA 40 | 2 8 52985
R PCREARCEA THREZMNA =, (HEBTH
= N AME OC miRNA %) 22 5 5 2 7 £ PCR Azl
TV R 2 LRI it B A AR T B
FEAE R 0, {5 B S2 96 96 8 i PCR $ AR kAT
ARV AT A T ZE X R A 221 R 5 M miRNA bR
WCLA KNSR A TR AT . 22 S i
PCR +5 AR BB 8 A % ik DA% 8 B 1 S 1) 29 O 1
PCR [A] i} 22 1 22 i miRNA B 46 b4 AS 2 I R B A%
AN )T, SR A AR 2 hRic T
R, AE B 207 ) R AT S50 R o AR SESS
Z AT F I SYBR Green %432 il ¥ 55 TagMan £
R IFOIME R ST T —FP LT AP miRNAs ik i
PO AR A T 28t 55 A0 o 46 5 i e itk — 2P
PR miRNA 2 5 50 I 508 i PCR Y™ 19368 FH %
LR AMAGK IR v, A SCHAEZ BT SRl sy T
—Ff miRNA XU S 2¢O 5 PCRAGTIIA R . 4
T B e AR B miR-451a FlmiR-21-5p (Y741 a5 A
FHOGTEIT IR B =TT T B A W SE R O
i PCR W5 W VA SRS o Bl =5 % 5 | ) R
WREHEAT T Ok, AT SE B ARIE B PR X R T
W, RIS OO R Hser
PLRARAY Cq e, 7 H B LR A Cq (BRI 1Y)
SAERT, RS H AR A, X T
FeMr, — 7 AR XY G g | R ET ) ] A
FERSE AN FIAR B TR R AR DLAb o8 BUAY XL
HERIIAR BRI EE M, s
SN AEA RS 5 PR E A IIA R 22 R W 22
o WEERIRE SR, ZACERIA MK IH fefg s
PO IR SAR MR . H 215 4NE A 1) 100%
EWIX Sy, HAE IR R T X540 05 A 4
I FY) F AR BT 16.24 5 BUE R INAAR 2R 19 16.57 FEA
— T, [l R AR TR I A B A R A
PR T —5 1 BRILZ AN, ARSCAREL T ZEE Sb
F R S5 T AN RS B o) A I R b, &5 51 s
18 MHEAR I BEUE NG B 4001, i — 2D B UE T %A I
TR Z Y S0 e RN VS T

4 & &

AR SO ST T miRNA X S8 1 98 % 5
PCR LI 28 ol FHZ AR 22 08 R AS 47 00 1
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Abstract Objective Body fluid stains left at crime scenes are frequently trace amounts, while the
identification of body fluids through real time fluorogenic quantitative technique often necessitates the repeated

detection within the limited sample, as multiple miRNA markers are the basis for the identification. Based on the
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goal of both the throughput and efficiency improvement of miRNA analysis in trace samples, a duplex real time
fluorogenic quantitative PCR assay system was designed to accurately quantify two miRNAs simultaneously, and
the system should be further verified by actual sample for the body fluid identification. Methods The duplex
real time fluorogenic quantitative PCR system of miR-451a to miR-21-5p was established with specially designed
primers and probes, and the concentrations of the primers and probes were both optimized. The specificity,
sensitivity and reproducibility of the system were validated, while its capability for body fluid identification was
assessed using the miR-451a to miR-21-5p ratio. Results The optimized assay system exhibited excellent
specificity and repeatability, with coefficients of variation consistently below 8% for both intra- and inter-batch
variability. The amplification efficiency of miR-451a and miR-21-5p reached 71.77% and 74.81%, respectively,
with high and relatively consistent results. By utilizing this duplex real time fluorogenic quantitative PCR assay
system, a total of 58 body fluid samples were analyzed, exhibiting a discrimination rate of 100% between blood
and non-blood samples, as well as between peripheral blood and menstrual blood samples. Moreover, the results,
obtained from single real time fluorogenic quantitative PCR assay system and duplex real time fluorogenic
quantitative PCR assay system, showed no statistically significant difference with randomly selected blood
samples (n=20). Compared to previous single real time fluorogenic quantitative PCR assay system, the sensitivity
of duplex real time fluorogenic quantitative PCR assay system exhibited remarkable improvement. A minimum
input of only 0.1 ng total RNA was sufficient for accurate detection of peripheral blood and menstrual blood
samples, while saliva, semen, and vaginal secretion required only 1 ng total RNA for precise identification
purposes. Additionally, the duplex real time fluorogenic quantitative PCR assay system successfully differentiated
between different types of body fluids in simulated samples under natural outdoor conditions. Conclusion The
duplex real time fluorogenic quantitative PCR assay system effectively reduced both the time and material costs
by half compared to the single system, especially suitable for the examination of body fluid stains left at crime
scenes, solving the contradiction between the trace amount and the multiple sample volumes demand of repeated
real time fluorogenic quantitative PCR. The duplex real time fluorogenic quantitative PCR assay successfully
distinguished blood and other body fluid, as well as peripheral blood and menstrual blood samples, which
maintains an equivalent capability for body fluid identification with half sample, time and reagent consumption.
This system provides an efficient tool for identifying suspicious body fluids, as well as a foundation for more

multiplexed real time fluorogenic quantitative PCR assay system research.
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