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1 #MRFTTE

1.1 IEMREERES
8 JAUL AT 40 JA# CSTBL/6 /N FUIA 1 [ Fol2f
Besh e (B, /N RUBTEIARAE S5 B 4128, 3
HE TWA PR IRAE, BEFERAA 3 FUMIL.
W AN A © 40 miRNA 5 81 1) 3 i spike
RNA, 1 F i 2] 245 5 AR A7 R 7] (GenePharma)
TG HFAE 1 PR,

Table 1 Sequence of spike RNA
ID Sequence (5'~3")

Length/nt

Spike RNA 1
Spike RNA 2
Spike RNA 3

CGACGCGUUUAUUUCGGACUAG
CCGGUCUGUAUAGACUGCGUAA
GGGGUCUAGGUAUCACAACUAA

22
22
22

1.2 miRNAs f1IRS

A g2 8 R /N BB 41 2R R IE I 14 Fh
miRNAs 154 H 1% K, U6 ncRNA il 58 rRNA {F
AWNSIER, FERFIIIER 2.

Table 2 Sequence of miRNA and reference control

ID Sequence (5'~3") Length/nt
mmu-let-7 UGAGGUAGUAGGUUGUAUAGU 21
mmu-miR-9 UCUUUGGUUAUCUAGCUGUAUG 22
mmu-miR-15a UAGCAGCACAUAAUGGUUUGUG 22
mmu-miR-21 UAGCUUAUCAGACUGAUGUUGA 22
mmu-miR-26a UUCAAGUAAUCCAGGAUAGGC 21
mmu-miR-27a UUCACAGUGGCUAAGUUCCGC 21
mmu-miR-122 UGGAGUGUGACAAUGGUGUUUGU 23
mmu-miR-132 UAACAGUCUACAGCCAUGGUCG 22
mmu-miR-135b UAUGGCUUUUCAUUCCUAUGUG 22
mmu-miR-138 AGCUGGUGUUGUGAAUCAGGCCG 23
mmu-miR-141 UAACACUGUCUGGUAAAGAUGG 22
mmu-miR-143 UGAGAUGAAGCACUGUAGCUC 21
mmu-miR-153 UUGCAUAGUCACAAAAGUGAUC 22
mmu-miR-221 AGCUACAUUGUCUGCUGGGUUU 22
U6 ncRNA GUGCUCACUUCGGCAGCACAUAUACUAAAACUG 107
GAAUGAUACAGAGAAGAGCAACAUGGCCCCUGC
UCAAGGAUGACAGACAAAAUCGUGAAGAGUUCC
GUAUUUUU
5S rRNA GUCUACGGCCAUACCACCCUGAACGCGCCCGAU 120

CUCGUCUGAUCUCGGAAGCUAAGCAGGGUCGGG
CCUGGUUAGUACUUGGAUGGGAGACCGCCUGGG
AAUACCGGGUGCUGUAGGCUU
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1.3 5|¥&it B, R Em . R85, 51497 517 W

4% B DNAStar(DNASTAR, Inc., Madison, USA) 3£ 3, 1 LA LAY TREBEARRS AR A A 52k
B, SRR miRNA BT 5 e0h, fE R 516 . Y00 2% BT b e e rEvk 5 E.
KRG, qPCR ¥ MIE. 5. ST WS

Table 3 Primer sequence

miRNA name Primer name Sequences (5'~3") Length/nt Amplicon size/bp
SR* 1 S-L primer® GTCGTATCCAGTGCAGGGTCCGAGG 50 60
TATTCGCACTGGATACGACCTAGTC
F-primer* GGGCGACGCGTTTATTTC 18
R-primer? AGTGCAGGGTCCGAGGTATTC 21
SR 2 S-L primer GTCGTATCCAGTGCAGGGTCCGAGG 50 62
TATTCGCACTGGATACGACTTACGC
F-primer CGCGCCGGTCTGTATAG 17
R-primer CAGTGCAGGGTCCGAGGTAT 20
SR 3 S-L primer GTCGTATCCAGTGCAGGGTCCGAGG 50 63
TATTCGCACTGGATACGACTTAGTT
F-primer ACAGTCGGGGTCTAGGTATCACA 23
R-primer AGTGCAGGGTCCGAGGTATTC 21
mmu-let-7a S-L primer GTCGTATCCAGTGCAGGGTCCGAGG 50 61
TATTCGCACTGGATACGACACTATA
F-primer GCCGCGTGAGGTAGTAGGTT 20
R-primer GTGCAGGGTCCGAGGTATTC 20
mmu-miR-9 S-L primer GTCGTATCCAGTGCAGGGTCCGAGG 50 64
TATTCGCACTGGATACGACCATACA
F-primer GCCGCGTCTTTGGTTATCTA 20
R-primer CAGTGCAGGGTCCGAGGTATT 21
mmu-miR-15a S-L primer GTCGTATCCAGTGCAGGGTCCGAGG 50 65
TATTCGCACTGGATACGACCACAAA
F-primer GCCGCGTAGCAGCACATAAT 20
R-primer CCAGTGCAGGGTCCGAGGTA 20
mmu-miR-21 S-L primer GTCGTATCCAGTGCAGGGTCCGAGG 50 64
TATTCGCACTGGATACGACTCAACA
F-primer GCCGCGTAGCTTATCAGACT 20
R-primer CAGTGCAGGGTCCGAGGTATT 21
mmu-miR-26a S-L primer GTCGTATCCAGTGCAGGGTCCGAGG 50 63
TATTCGCACTGGATACGACGCCTAT
F-primer GCCGCGTTCAAGTAATCCA 19
R-primer CAGTGCAGGGTCCGAGGTAT 20
mmu-miR-27a S-L primer GTCGTATCCAGTGCAGGGTCCGAGG 50 62
TATTCGCACTGGATACGACGCGGAA
F-primer CCGCGTTCACAGTGGCTAAGTT 22
R-primer CAGTGCAGGGTCCGAGGTATTC 22
mmu-miR-122 S-L primer GTCGTATCCAGTGCAGGGTCCGAGG 50 65
TATTCGCACTGGATACGACACAAAC
F-primer GCCGCGTGGAGTGTGACA 18
R-primer CAGTGCAGGGTCCGAGGTATTC 22
mmu-miR-132 S-L primer GTCGTATCCAGTGCAGGGTCCGAGG 50 64
TATTCGCACTGGATACGACCGACCA
F-primer GCCGCGTAACAGTCTACAGC 20
R-primer CAGTGCAGGGTCCGAGGTATTC 22
mmu-miR-135b S-L primer GTCGTATCCAGTGCAGGGTCCGAGG 50 63
TATTCGCACTGGATACGACCACATA
F-primer GGGCGTATGGCTTTTCA 17

R-primer CAGTGCAGGGTCCGAGGTA 19
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miRNA name Primer name Sequences (5'~3") Length/nt Amplicon size/bp
mmu-miR-138 S-L primer GTCGTATCCAGTGCAGGGTCCGAGG 50 65
TATTCGCACTGGATACGACCGGCCT
F-primer GGGCGAGCTGGTGTTGTGAA 20
R-primer CCAGTGCAGGGTCCGAGGTATT 22
mmu-miR-141 S-L primer GTCGTATCCAGTGCAGGGTCCGAGG 50 63
TATTCGCACTGGATACGACCCATCT
F-primer GGGCGTAACACTGTCTGGTAAAG 23
R-primer CAGTGCAGGGTCCGAGGTATT 21
mmu-miR-143 S-L primer GTCGTATCCAGTGCAGGGTCCGAGG 50 64
TATTCGCACTGGATACGACGAGCTA
F-primer CGGGCGTGAGATGAAGC 17
R-primer CAGTGCAGGGTCCGAGGTAT 20
mmu-miR-153 S-L primer GTCGTATCCAGTGCAGGGTCCGAGG 50 63
TATTCGCACTGGATACGACGATCAC
F-primer GGGCGTTGCATAGTCACA 18
R-primer CAGTGCAGGGTCCGAGGTA 19
mmu-miR-221 S-L primer GTCGTATCCAGTGCAGGGTCCGAGG 50 64
TATTCGCACTGGATACGACAAACCC
F-primer GCCGCGAGCTACATTGTCTG 20
R-primer CAGTGCAGGGTCCGAGGTATTC 22
U6 ncRNA F-primer CTCACTTCGGCAGCACATA 19 94
R-primer AACTCTTCACGATTTTGTCTGTC 23
5SrRNA F-primer TCTACGGCCATACCACCCTGAA 22 67
R-primer GGCCCGACCCTGCTTAG 17

* Spike RNA,; * Stem-Loop primer; ¢ Forward primer; ¢ Reverse primer.

14 DNA EE£

TE TS AL ZRRE I 1.5 ml 40 Ji 2R
2% % (10 mmol/L Tris-HCI, pH 8.0, 0.1 mol/L EDTA
F10.5% SDS); L 20 wl 2 A L AE 37°C LA
1h, 3T RNase 4#(0.2 ul 10 g/L RNase A, 37C
30 min) F1 25 I K AL EE (1 pl 20 g/L 2 A # K,
55°C 3h). & EK4 DNA MW TE 208
FiB¢ 100 1% (10 mmol/L Tris-HCl, pH 7.5, 1 mmol/L
EDTA). HU5 pl MR as 96 fLAkH, NG44k
1 4xSYBR Green [ (Amersco Inc., Ohio, USA),
1 xROX (Invitrogen, California, USA). DNA ¥ J&
ABI PRISM 7000 /7415l & 4 (Applied Biosystems,
California)ill 72, HARLEK: 30C 15 min, 14
fli¥k; 31°C 5s, 30T 30s. 7E&MNi)a— AR
W9 6155 . N\DNA(TakaRa A, KIE)ME AR
i, RRRMEIEAT 3 IREX.
1.5 RNA B3R BUFA R 3% 3R I b2

IX 1.5 ml Ezol i #)(GenePharma, i) INAFE
M AR, RMRA]. B 0.8 ml IR AR A )
—BELEH, 5N 3 P E S DL spike RNA

0.2 ml S 1/i. spike RNA WKL LK 4. KiziRA
YIiaTiE 15 s, 3 NACE 3 min, 4°C, 12 000 r/min
B0 15 min. B LBy, —20C prigid . 4T,
12 000 r/min 10 min YCEEPTHE. 1 ml 75% LBEHE
BRUTUE, 35 wl DEPC- KR DIE, 19%] RNA
M. RNA FEAS & HH B b Bk 22 NanoDrop 43t
Y6 & 1 (NanoDrop Technologies Inc., Wilmington,
USA) VA

Table 4 Copy number of spike RNA

in sample homogenate

ID Spike RNA 1
1.0x10"

Spike RNA 2
1.0 x10°

Spike RNA 3
1.0 x107

Copy number

R FERGEAER 05wl 2ifb ) 5 RNA 5
DEPC-H,0 3£ 2.25 wl %, 70C i 5 min, i
Bk 3 min. FEHEERAD TN 0.25 wl 2 pmol/L
ZKIR514), 0.5 Wl ANTP (% 10 mmol/L, TaKaRa /A
A]), 1wl 5XRT ZEf, 0.25 wl RevertAid™M-MuLV
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reverse transcriptase (Fermentas 23 # ), 0.25 pl
RiboLock™ ribonuclease inhibitor(Fermentas 7 v ) Fll
0.5 wl DEPC-H,0. 5 pl AL 42°C % 1h, 70T
10 min Ji5 & 11 .
1.6 Q-PCR

Q-PCR J2 7£ J¥ 51| k& M| & 4t (PRISM 7000,
Applied Biosystems)F| Hf SYBR Green I PCR i 5| &1
(GenePharma) 5¢ fi%. 10 wl PCR L& 5 ul 2x
SYBR PCR master mix, 0.1 wl Taq DNA polymerase
(5 U/pul), 0.2 pliE1a 514 (10 pmol/L), 0.2 plk
6 5191(10 wmol/L), 0.4 pl 353574, #Ja Xt
ZOKARBAARL 10 pl. RIVAE 96 fLERCT AT, 95°C
10 min, 40 NMEIFHE 95T 15 s 1 60C 1 min.
BEANRNAT 3 IXES.

2 & R

21 HRERBIDT

AT spike RNA VE R ARIERE i, HA 3 45 3
W 2% IR M B IR I AE . P &R —. B
55, Wi 1 R,

Spike RNA #i B¢ 7 AN JE AL B, {5 Bh SDS
(Sequence Detection System)3X 1473 T Ho Ji 4 45 D14k

e

Fig. 1 The amplified product of standard sample
M: 50 bp DNA ladder; /: Standard sample; 2: Negative control.

M Cr B2 T PR FR (] 2). ARAEFE L ) PAE
(PCR amplification efficiency, PCR ¥ i %% %) 115
7 (1):
PAE = 10"— 1  (#FEH ¥ = 0.1) (1)
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W9 IE PAE (EHE 1, BEI 880 e, it
()1 545t PAE {HEE 1.
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1.0)(101 r | ‘ | [ | = k= HER 36
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Fig. 2 Dynamic range of the standard sample assay

(a)Amplification plot of standard sample over seven orders of magnitude. (b) The standard curve of standard sample. (c) The dissociation curve of

standard sample.
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2.2 fRAEfhZE

A 18 55— spike RNA 1E 2 bk it 222 1) A o it
2, HFHh: 5 CGCUGUUGGUGUAAGCACA-
GUA 3", Z¥5|¥h: 5" GTCGTATCCAGTGCA-
GGGTCCGAGGTATTC GCACTGGATACGACTAC-
TGT 3', [EM5I4: 5 TCCGCGCTGTTGGTGT-
AAG 3", R 51#): 5 AGTGCAGGGTCCGAG-
GTATTC 3'. #x#EFE 5 H DEPC-H,O #i B, M
5.0 x108 B BE 2R 5.0 x 102 # DUELIL 7 ANUREE B BE (B
B 120 0.1) 23 il Ry B 3 s (M Bl 16 4T Q-PCR
SN
2.3 HuRSH

1 ABI PRISM 7000 75 H #4fs,  Jsiah i &
A Excel, {51 origin 7.5 3 fF(OriginLab Corporation,
Massachusetts, USA)Zr#T. “percellome” 2] T4k
P I — 143 1. RNA $LEBCGEFE P 453 2K 2 (LR)
ML AP

LR (i) = (Si)-Si2)/Si )

AT SiG =1, 2, )EFEMAEBT 3 4
spike RNAs 1145 D1, Si, /& 3 4% spike RNAs 7
RNA (¥ D13, Pk, fedeiud #2rh RNA 7P
PRH(LR) A

LR.=(LR (1) + LR (2) + LR (3))/3

FEASE T 0 40 g (eNyrT TR -

CN=Cxl/d B) BCN =C" x1'/e (3)

A ¢ B DNA #E(mg/L), 172 1pl

BRI L, d BB A5 R4 b () DNA HE i,
H 5.0x10° ng/ . €' A& RNA K (ug/l), 1
72 1 ul [ RNA, e AR ) E RNA ) H
i, A 15 pgl.

B B, A A0 W T )RR S A R 4 e
miRNAs(Ci,) 145 VU AT THE A -

Cin = Cir/(1-LR)XCN) (4) B Cin/ = Cin/((1-
LRIXCN') (4)

AR Ci (= 1,2, 3, -+ 14)JE 5 RNAH 14 4
miRNA [F135 DUEC. i e m] o8 5 A ] 8 B B
] miRNA ¥ 31k 7 5 {H

FCin=|Cinl/Civ2| (5) BX FCiw'=|Cinl'/Cin2'| (5)

Cinl N Cin2 (i =1,2,3, = 14) B Cinl’ X Cin2'
(G=1,273,-14)

fRFE 14 45 miRNAs & —4& miRNA 7& &
AN, PIASASIE G B8 IR AN 40 JHE8) 4%y
5 U5
2.4 miRNA FTiXEH] “percellome” ;%Y3—1t

AW PEFN “percellome” VEIEATHHE IH—:
—Fi7E DNA KV EHA G VA FIFE A i
PRGN fu g ) —FiOh7E RNA KA Q3)
THEAH [RIRE A O B AR 40 B . AN 7] F8 8 B/
BLIK) miRNA I E I Cr {8, nd bR th 841k
B DU, AR TR miRNA (¥ Sl i 5 DAL
Al 2% 0 (4) A R@) T, 4PRIES.

Table 5 Brain miRNA expression in mouse of different age

Method 1 Method 22
miRNA ID
Stage 19 Stage 2% Fold-change Stage 1 Stage 2 Fold-change
Let-7a 30859% 158911 + 57 115 3069 + 26
miR-9 N.D® 56 N.D 2
miR-15a 2419 941 -39 6 20 +3
miR-21 838 324 -3 14 5 -3
miR-26a 254 606 432 666 +2 878 8237 +9
miR-27a 6 406 25867 +4 37 520 + 14
miR-122 1118 1997 +2 11 26 +2
miR-132 209 063 102 939 -2 565 3183 +6
miR-135b 8178 30106 +4 42 674 +16
miR-138 78 344 218 864 +3 498 5155 +10
miR-141 1137 235 -5 11 4 -3
miR-143 1154 9334 +8 9 167 +18
miR-153 336 3525 +10 5 131 +25
miR-221 14 898 29455 +2 145 670 +5

) Based on DNA level; ? Based on RNA level; ¥ 8 week-old mouse; ¥ 40 week-old mouse; ¥ The units is copy numbers per cell; ® No detectable

PCR products after 40 cycles; ? Positive sign represents the miRNA expression at 40 week-old stage relative to 8 week-old stage is increase;

® Negative sign represents the miRNA expression at 40 week-old stage relative to 8 week-old stage is decrease.
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25 BRI miR-26a 75/ B T &k 42
i, 1M miR-9 WFRIAF AL, miR-9 7 8 Jiid
(/N U AL 2L A AN 2, (HATAE 40 JIHE 1/ Bl
AR AR 2. miRNA Fik i 2 155 26 548
AN,

/40 B miRNA 265 45 DA DNA /K114
—{LEEAE RNA AT IH— A0 BTG E oK. 4Rif, X
T miRNA FIA = E A4 AE DNA 7K F-LE RNA
ACPRORG. RE IH—7 E IASF 6T miRNA
YIS DB R IA AR A BOR [R], AEIX PR 7
AR A — 2 (E 3).

—
[=)}
T

Fold-change

[=3 S e o cRarll (S IF N
T T T T T T T

L
[o I 2N )
T

hhhhhhhhhhhhhhhhh
miRNA ID

Fig. 3 The change trend between two percellome methods
o—e: DNA level; A—a: RNA level.

[F] I, 38 3 s AU spike RNA 7 illl miRNA
(1A ZHE D AR, E miRNA 94k 3
U6 ncRNA 1 5S rRNA 24 NS IED, (HIE 70
AhJ5 spike RNA RINAEAN R 84 B A 2 3L R ik &
SR, ZERIOUE T AT A RE . SR
DAL FEAN [F)AF 8 2 B AN Rl R AR B g, Rk
AN AR 019,

3 it it

AWFFOE LTS NSNS spike RNA #0377 —FiE
DNA FI RNA WA R KT SR A4 i 5 77
%, AN miRNA 1)ZRIA AT A — (AL BE 1)
. IXPIR AN — T AR A R S 3),
ISRV L i Rr RS I PUBUR AR £ 7 N <3 ivy 4 sk wi= Rk )
5 D40 — miRNA FJRIA R (R 5). NS4 3

ATLLE Y, B TAE DNA KL i Bl
PELETE RNA KFIH—4klf, Bk, 76 DNA /K
4 5 1L EEAE RNA 7K —4k 5 30 58 AT 58
AN R RNA 2494 15 pg, 3 RNA &k &
ANt DNA g . M4 DNA WS HE4T 10— 195
PARLIE F T ILA R A AR s AT R g A, TR
WHEAXG) T “d” R,

AWK spike RNA 524 A 2 K0T H bR Kk
(R ZEIE AT IH— AL AL B, A VE 2 NS
DRI D3 v 0 08 B 6 o B 5cahs 1) o & 1T AN ad T
FERFRIAEmH— T, B 4 )\ miRNA ik =
WEIH TIX—4518. FIH spike RNA 1 N St 17 3E
PRI R B A —1k, T ZAMEPE RNA 5 H 1)
miRNA R4 808 — 8. EREARYITE S, Bl
I %F BT AT miRNAs (1) Cr B304 3 DU DL AR
AR kA R e, T AR E— R A4
U5t spike RNAs [ 77 15 B ARAS [A] 47 14 20 3 415 K (1)

M.

O—=NWhUA
—T
—

’_L

-1} U6 ncRNA
3t
4}
_st
6}

i [
_st

ol

5S rRNA

Fold-change

Fig. 4 The fold-change of internal controls
using percellome methods
[J: DNA level; [: RNA level.

IR B — A, BRI LA A
[Fi) J& % B /N WU ZH 2R IR R 20 S miRNA 1) it
e DU, RISZEAE, P LA AN A AR B
(IR A0 B miRNA [ £ 520 % DLE. 1)
41, miR-21 7 8 Ak Be RN LA A A7 838
AP DUEL, AR 40 FIEE B B IR /0 Bl 2H 2R i) A
AR A 324 A5 DU IX R miR-21 7 8 JA
U S Pt i b B 40 S R BRI B4 A 22 514 A
P 0UE. D, ASEESER AL T Fl B 41 2R
miRNA D) eI i, 1% 540 M 3 — ki &
-1 microarray %5 miRNA ik & 1)7—4b 5 #7.
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A Novel Normalization Approach for MicroRNA Quantitative PCR"
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Abstract Data normalization plays a crucial role in the interpretation of experimental result. House-keeping
genes were utilized as internal controls to accurately determine the gene expression in quantitative PCR. However,
significant expression variation of these internal controls was revealed recently. A novel normalization approach
(per cell normalization, percellome), which is based on DNA and RNA normalization, is developed to calibrate
miRNA expression in quantitative PCR. In which, a cocktail of three external RNAs with different copy numbers
were spiked, so as be able to normalize miRNA expression against cell number. Gene expression of 14 miRNAs, as
well as commonly used internal controls (U6 ncRNA and 5S rRNA), were examined in the brain samples of 8 and
40 week-old mice. By using "per cell normalization" method, the expression level of theses miRNAs varied from
2- to 26-fold, while the absolute miRNA copy number per cell were from 2.0x10° to 4.3 x10° copies per cell.
Interestingly, the fold-change of U6 ncRNA and 5S rRNA were found to be 1.5- and 4.8-fold (based on DNA
normalization), and 5.8- and 3.8-fold (based on RNA normalization), indicating significant expression variations of
these two house-keeping genes. The study provides an novel approach to reliably normalize miRNA expression in
quantitative PCR.
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