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[Abstract] Objective To investigate the key points that affect the results of real-time fluorescence
quantitative polymerase chain reaction (RT-qPCR), and to select the optimal detection method using micro RNA
(miRNA) as the detection sample. Methods Three miRNA extraction methods (including EasyPure” miRNA
Kit, miRNeasy Mini Kit, TransZol Up Plus RNA Kit) were used and three reverse transcription methods (including
TransSeript” All-in-One First-Strand ¢cDNA Synthesis SuperMix for qPCR, Evo M-MLV reverse transcription kit,
and All-in-One miRNA First-Strand ¢DNA) were used to treat the brain region of rat striatum, detect the quality
and efficiency of miRNA and ¢DNA. The content of miRNA by conventional RT-qPCR method was detected,
and the results obtained by different methods were compared. Results There were significant differences in
the quality and efficiency of miRNA obtained by three RNA extraction methods. Among them, method 2 had a
better effect, but there was no significant difference in the RT-qPCR results of methods 1, 2 and 3 (miR-132:
25.9149.79, 25.26+10.25, 27.28 +7.39, miR-U6: 27.98 +11.25, 25.98 +9.78, 29.62 +9.65, all P > 0.05). The
experimental results obtained by the three reverse transcription methods showed statistically significant differences,
with the results obtained by method 3 being significantly lower than those obtained by methods 1 and 2 (miR-132:
16.53 £3.17 vs. 35.20£1.06, 31.424+2.95, miR-U6: 16.63 £1.73 vs. 36.06 £2.57, 35.59+1.54, all P < 0.05),
which mainly affected the amplification efficiency and specificity of RT-qPCR. Conclusion Using an exiraction
method that could efficiently enrich approximately 18 nt sized RNA and adding poly A tail reverse transcriptase at
the 3' end of miRNA could obtain more reliable RT-qPCR results.
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SN GE BB AA TS [V (real time quantitative
polymerase chain reaction, RT-qPCR ) {EN—Fh &34 |
TR L PRI B A, 2 A 0 45 b 2 5 [ (ol = )
Fy R, PTG 2 H R 2 R A
RT-qPCR 1E R # I wE4R 9% 55 (severe acute respiratory
syndrome coronavirus 2, SARS-CoV-2) Kl (1 1 1€
W R AE RT-qPCR #4577 16 R LAk
JRRE e T B A Ty 1 BB PR, LR ARG DU ARE A A
Gy S BN5 G , I T BSUAS I 245 SR AN VR 1) [ L, )
JEER X B BEBR Y DNA R RNA FEAS, 25 5 1
PRARR B 1 Al B P
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PERY RBEEZ D 22 MR A AR S A5 B 5E RNA 73
¥, AT LA miRNA Y 2H 5 AR A A L ]
U5, miRNA fZFIATEIE L, RESTEH SR A
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C Wl Uk BH 2 i) 22 M e S A4 AR ) e, T i
KLUk A EE | IR & sk T
BT EFE miR-132 Al miR-U6 A5 A 6 0 X 52,
SIHT IR RT-qPCR SEIEE LB S, T Ik et
R 75 2%, IR E5 RS AT .

1 #RERE

1.1 5100

L1135 miRNA 4207 % 4ROk 12
Easy Pure” miRNA 25057 & (it &4t
o El AR 5 SREUTIE 2 - ff ] miRNA 42 BURAH &
(i 7[5 QIAGEN LM 28 mIHRAL) 5 S T3k 3 fff
H Trans Zol Up Plus RNA #EHUAH] & (It st 20
SEY A FR AL,

112 3FPREERTIE ERTTEE 1 {fH] Trans
Seript” &5 —4f cDNA S si ) & (bt 244
WS w)) 5 S ST 2 f ] Evo M-MLV [ % 5%
A GE R 3R AR TR IR D) 5 R 507
¥ 3« ] miRNA 55— 5 cDNA 5 5 & (1
GeneCopoeia 23 F) ),

113 HAWAXER S0 (R 5 A a] Dot
JEREET (1 B FEER R RBHE (R D A FRA R A
I miRNA Fl cDNA ¥ B 5 20 B, {ff ] Light Cycler
480 SEH A B PCR X (g A EEEZ R4 W] ) i
L RT-qPCR Kzl miRNA & . 51494 All-in-One
TM miRNA qPCR 5|9 (114 B & [E GeneCopoeia 23 7] );
RT-qPCR {57 & 4 All-in-One TM miRNA qPCR £
MHAF &5 2.0, H 2 [E GeneCopoeia 23 F] o

1.2 W5k
1.2.1 miRNA #2505 SR ER . D B 100 mg
LA 1 mL 240, IRA)E FEIREFE 5 min;
@ R 1 mL 2L INA 200 uL E A7 RIZUR 5
30 s i, EHMEE 3 min; @ Li=10000xg F 4 C
B0 15 min, %8 L2 TCEAIKATHAY 1.5 mL JCHG
EP &, INATCK S8, SiENR S s @ s miic
TEATE RS, A B LA, 12000% g B0 30 s,
FERMEEE AR ; & AR 1, 12000 X g
B0 30 s, 75 RS PR, R IR 1K
©® IAVEBGR I, 12 000X g 850 30 s, FEE UL
R IR, R 1K D TEET 12000 X g
B0 2 min, BIR K BRIRE OB 5 @ BB DA
1.5 mL Jofil B0 A T ZE B OAE R S ITA 30 ~ 50 pl
WZEIK, i E 1 min; @ 12000X g 0> 1 min,
PEME miRNA, —80 C VKA R 47 ; A0 I =& miRNA (1)
W FOR RIS R WG (Ajs0. Ango Aggo) Tl T
LGS R G AT B,
122 JEERJEE JiEk 1 f#H Trans Seript” 55—
HE cDNA S 530 & IR 4 ul 19 5 X Trans
Seript” qPCR 55 —HER AT .« 1 uL AYFEFE DNA (gene
DNA, ¢gDNA) £FRi7] ., 0.1 ng~ 1 ug AY miRNA, Jf:
TMABGE AR AN LR ZE 20 wlo B SR 254 A
42 CJZW 15 min, 85 CJN 55, F 4 CLHAF .

52 i Evo M-MLV 5 s F &, 56—
AR 2 uL 19 5 X gDNA 22k . 1 ul i gDNA
VRV 1 ug BB RNA, I i A XUZE 7K R A 1A FR
210 ul, 42 CHN 2 min, 25 " HARKINA 10 uL
BB 1 ul B Evo-M-MLVRTase 14 i |
1 uL Y Oligo dT (18T) 5| % (50 umol/L). 1 uL K K
ML 6 mers 514 (100 umol/L). 4 ul. {5 JZ 5% S i
RSB MRIRAY 1 | 3 ul WZEK, BT 37 °C UM
15 min, 85 CJZN 55, 4 CLRAF

Jik 3 A4 H] miRNA 55—5E cDNA & iUt &,
WKIMA 0.1 ng ~ 1 pg AY miRNA | 1 L. 9 2 U/ul. £
R AREEB. 1 ul /) Sure Scirpt TM Ji2 #% 53 FiHE
EW (20X ), 4 uL B9 5 X PAP/RT 2% #hi , I A
KA R 20 plo RO SRRV 5540k 37 C
SV 60 min, 85 °C W 5 min, 4 CLR-AT

B IR B cDNA BIHRIE T2 Ay Asgo Asgo T8
IPEEAFT 20 CUKARHL .
1.2.3 RT-qPCR 75k & RiES3 158119 cDNA
Al DL EL AT RT-qPCR 43 #7 , AHF 5% 2R FH 96 0k 51
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i 52 PCR X & 4T RT-qPCR RV , 4% S A
AU 1o MG LU B 24 E AT S B 9 O S
PCR, £ S 2AF L2 2.

%1 RT-qPCR RF{FZ

triphosphate, ANTP ). £ Ft &5 [ R 25 145 iU 43, 2%
T cDNA BIMOCRE . IR, 230 MR FP 5 AR
A, EEIT RT-qPCR SEGE5 R, L 4,18 2,

3 3 FRENTIER miRNA iRENELER

243 PRFR (ul) 2R BE (umol/L)
2 X All-in-One™ qPCR 1B & 10 1%
cDNA 2
All-in-One TM miRNA qPCR 5[4 : .
(2 umol/L)
i FH PCR 5% (50 pmol/L) 0.08 0.2
WK 20

TE : RT-qPCR RS5O A HHEE LUV s miRNA Sy RNA

%2 RT-qPCR ¥ iEERF

75 IR W CC) st ] PEIREL
1 AR 95 10 min 1
AR 95 10s
2 SEDS 60 20s 45
i 72 10 s, 15 56
95 60 s
3 W Vs ik 1t 2 40 60 s 1
65 1s
95 0.02 °C,30s
4 B 40 30s

1 : RT-qPCR S5O 5 A e S I

1.3 guitseortr PR BRI GraphPad Prism
5.0 Fl1 SPSS 23.0 A T Ge it 2500 . FF G IERS
AT BRI AR + Prfizs (R +s) FR, ]
SR ¢ B35, P<0.05 HEFALITFE L,

2 #HR

2.1 miRNA 20 5 DNA A1, RNA W45 5 4
O3 X FE T RNA A S RATEE LIS RNase
BIFETE . DRI, 5 ZERG I RNA ¥ B Sk ff a2 L o
R EER, BN, B T RNA WK, Ay/As, A
A260/A230 QECTNDN }i Hﬂ% RNA E/‘J éEEE : %,I A260/A280 QI::J:
1.9 ~ 2.1, MZE/R RNA A EEH R 5 Ase/Ango<1.9 #2710
A B 2T HR B, Aye/Ass>2.1 MIHE/R RNA ]
BEATAEREST o Asg/An TE 2.0 ZEAT 475 RNA Joi54¢,
Asof Az TEES/NUER W] REAFAEER B T5% B . RL, AH
BT VRO 3,057 2 IIFEZR miRNA ¥
AR, W 3 1.

2.2 miRNA J#E5% A 3 ROkt i miRNA J5
4 3 > miRNA RS HISR T 3 Ry k4T R it
IEJ Hﬂ' *ﬁf}nu cDNA (ZU’; N A260’ ﬁ‘%: AZ()O/AZSO\ A260/A2300
SRR, T 3 R SRR B, B SRR
B — MR G R FETE cDNA | R 5E 4 S ok
i) RNA | RS AL =% (deoxy-ribonucleoside

*‘ﬂ&"zk &Eﬁ ( Hg/L) Azm AZSO A260/A280 A26O/A230
1 112.826 2821 1448 1.948 1.666
2 656.654 16416  7.937 2.068 1.979
3 68.146 1704 0.878 1.940 1.606

7 : miRNA /N RNA, A HWOGREE

20 -

W (A)

220 240 260 280 3(;0 320 340
Pk (nm)
1 : miRNA M/ RNA
B 1 3% miRNA REUAEMEFEARREE

R4 Z=FhRFERTTEN cDNA RENESER

miRNA st R
REOTE ik (ul)
1 1 565977 17151  9.491  1.807  1.570
2 886.469  26.863 16.659  1.612 1951
3 1131335 34283 13.147  2.608  2.906
1 570417 17.285 9596  1.801  1.587
2 464.040 14062 8594  1.636  1.977
3
1
2
3

A260 A280 AZ(»{)/AZSO A260/A230

1087.027 32940 12956 2543 2901
660.237  20.007 11.062 1.809  1.589
657973  19.939 12.426 1.605  1.945
920.377  27.890 10.767  2.590  2.899

1 miRNA UM RNA, A WG RE

2.3 RT-qPCR 455 7F RT-qPCR " H 3L RNA
AR 34 (48 A Bk R AL MU RR S o 1 F 0, 3
Wi 78 XM JE A B, (cycle threshold, Ct {E)B]O Ct{H
i Kt NER 25 T 8okl e e, PRIk, AR ik
P78 B (RNA/CDNA ), DL B 20 18] 9 1 LAt G fi
PTG #4500, FLAASTR] RNA S B i 45
FAT L, miR-132 55 miR-U6 7E RT-qPCR Y Ct &
P22 g i2E X (P>0.05), WWF 3,4 5,3%
FE/R miRNA (HRBOT X RT-qPCR 45 S50 45
AN TR ARG SRR, i AR R 3 5
AL I ) 22 5 Geit24 8 L (P<0.001), WA 4,
6, PRI B S e stk B X RT-qPCR J7 i Aar il
miRNA & B 045 B A,
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T : RT-qPCR NS9O G RE A BfHE UV, miRNA A8/ RNA,
Ct g JEIYIAE 5 3A R JTIANE miRNA $2B07 L) RT-qPCR
KR —FEAR Y miR-132 7 & 5 3B SRR TR miRNA 425K

715 Lh RT-qPCR #il [F]—FEAR Y miR-U6 751
B3 7A[E miRNA REUAFATE RT-qPCR #&H A Ct &

1 : RT-qPCR AL 9O ae i A B4E I, miRNA A1/ RNA,
Ct BRI 5 4A SR AR R S st 08 RT-qPCR A4
[Fl—FEAR ) miR-132 & 5 4B RN R R s H RT-qPCR
Frill [l —HEAR Y miR-U6 &4t ; *P<0.05, "P<0.001

B4 AR miRNA RERFETE RT-qPCR #&illd# Ct &
* 6 AE miRNA RFFFETE RT-qPCR

%5 [ miRNA 12EUA A7 RT-qPCR
WM CtE(x +s)
gy K G
(f) miR-132 miR-U6
B 1 9 2591+ 9.79 27.98+11.25
RO 2 6 25.26+10.25 2598+ 9.78
B 3 6 2728+ 7.39 29.62+ 9.65
1 0.073 0.214
P 0.930 0.809

1 miRNA B/ RNA, RT-qPCR Sy SEE 2% 6 5 i A B I

i, C g A A
3 iFig

RT-qPCR A 3 T 73 F A AG M 7 5 [ e 38
H H AR mRNA B AR E 2, 2K miRNA 1Y
B 752 —. RT-qPCR ELA %5 e i SUR% 5 A
SERE LTIz N T R P A PR A X SRR
PR B A TR I R A rh PR RS I B ATV
(BT JEUA (401 SARS-CoV-2) R fEest e, (A
T H LR RT-qPCR J7 2 Kl 3 5 5 0 1) H 1) R
BORAPRIRIER

miRNA (4 B8 % LA 21 ~ 23 080T, X
T RT-qPCR 3£ i, mRNA #] cDNA fi¥ 52 55 5% 7] DX

WM HEg CtE (x +5)
. FEARBL Ctfd
ZH
() miR-132 miR-U6
SR 6 35.20+1.06 36.06+2.57
ST 2 6 31.42+2.95 35.59+1.54
SBT3 9 16.53+3.17 16.63+1.73
i 103.600 224.500
P1H 0.000 0.000

s miRNA BN RNA, RT-qPCR g SZ1 3¢ 56 ik B A b I
N, C Sk JE1 9]
P AT AR ] — R AS Y 25 SR AT LA A 22
2~ 3 4%, 3 B T RT-qPCR 2 H i Ff mRNA (%)
e RERLBRE T IR, (% A mRNA S 5
IFETCEASE] LA cDNA, I miRNA fl J5 55 5% 5
KK miRNA J5 50 SR 7 28 4, w] LA FH 381 04 ZE K 7
ARG IR E AN s ARG PCR 519K
298 20 ASGREEXT, R AE BT PCR 51914 AR T
HAPRENES S Rk, 6 5 5 PSR 19 gPCR 18
B o T ERAZ T IR 25 S WA AR S hn 10 ~ 100 £ 9 9™
HafE % (B PCR KU 2E 1 ~2 DMEHTRIY
miRNA 59K &— Pk
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A 5T 2 B, S TR A9 miRNA 32 507 7515
FfY RT-qPCR 458 k22 5 e 2478 30, fH AT A
miRNA [R5 4 B Hh B O v 2 WO TR AT
il R[] S 53 7 453 21 i RT-qPCR 45 5% oA 22
SAEGIFEE .

L5 193 F RT-qPCR $ AR 43 85 1 G i Jik
Rl mRNA 35 19 77 7 A0 B, K miRNA [ 2638 7K
SEEA Rk . B, L5 RT-qPCR
WRZ 2 59 #0519 miRNA BEAN PRI E . Hovk, RT-
qPCR X TR (4 2 38 7K 22 AR K OB 4t g
A /D EF]>100 000 45 DURAE) (9 miRNA 24
PRIk . feJE, miRNA AU R, FPFIHIRL, 3%
WIEINT RT-qPCR K BXERE . BRI, 1422 n] I
TR T R I S SRARAE AL BR , DI 32F PCR
P3h B LY, WA S S B B o 2R A | 7 5%
TR K cDNA BB, DA 2 b RS9,
PECAREN 555 cDNA H AN & BT oK, PRUE SR S211)
RT-qPCR A2 Pk, B % miRNA 8 HAB FE
GRS RNA , 78 S s A0 BR v R AR IR 6 S 3%
it Je AT A

AR, miRNA WAEAS AU 5 T 12 453
N FEALR AN R 4L 2Lk R — L AR TRl & B B
B R IR, miRNA £iEEA —EH2ES
PE, U0 miR-132 7EM & RG> g
e R Ge P L REE " TR S R R IR A
TAEM . P, IS SE0F5E a] DL XN [R] R e AR E
700, DME 47 2 B miRNA (1) 33k 22 500

25 TR AR5 T AN miRNA 25U %
FIN[A] R 55 )5 226 RT-qPCR 45 5 (4 2 m), 7 v
DTk, TRIEE X miRNA ZE I AN FHAFFE A ARG

R TEES BRI,
PR FiA M A AEER ke
&% 30k
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