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miRNA Assay Mature (Stem-loop RT) Mature (Linear RT)
N Precursor  Mature ) Precursor  Mature
miRNA Target o ©y act ) ©h) ACH
- miR-21 28.0 "18.9 9.1 28:5 2786 09
miR-7-1 30.2 14.1 32.9 104
. : 18.1 , 225
miR-7-2 26.0 99 26.7 42
- miR-218-1 287 - 12.9 24.1 Lo 15
) 15.8 16.6
miR-218-2 25.0 a2 258 - 92
let-71-1 21.6 34 20.4 , 04
, 18.2 208
let-7§-2 26.8 8.6 269 6.1
let-7g R VA 18.6 8.2 27.1 217 54
let-7i 217 © 186 3.1 20.9 20.9 00
TABLE 1.
. . Primer Sequent?e
- miRNAs Cloning {Forward) Cloning (Reverse)
miR7-1 TAATACGACTCAGTATAGGGTTGGATGTIG -CTGTAGAGGCATGGCCTGTGC
miR-7-2 TAATACGACTCACTATAGGGCTGGATACAG TGCGATGGCTGGCACCATTAG
miR-218-1  TAATACGACTCACTATAGGGGTGATAATGTA TGTAGAAAGCTGCGTGACGTICC
miR-218-2  TAATACGACTCACTATAGGGGACCAGTCGC TGCAGGAGAGCACGGTGCTTICCG
miR-21 TAATACGACTCACTATAGGTGTCGGGTAGC TGTCAGACAGCCCATCGACT
fet-71-1 TAATACGACTCACTATAGGGTCAGAGTGAG TCAGGBAAGGCAATAGATTGTATAGTTATCTCC
let-7f-2 TAATACGACTCACTATAGGGTGTGGGATGA CGTGGGAAAGACAGTAGACTGTATAGTTATC
let-7g TAATACGACTCACTATAGGGAGGCTGAGGT TGGCAAGBCAGTGGCCTGTACAGTT '
{et-7i

TAATACGACTCACTATAGGGCTGGCTGAGG

TAGCAAGGCAGTAGCTIGCGCAGTTATCTC

TABLE 2
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772

Primer Sequsnce -
miRNAs T i PCR Forward . PCR Reverse
let-7a GCTCAGACAGAAGTCACACTGAGCAACTAT  GGGCGGTGAGGTAGTAGG GAAGTCACACTGAGCAACTATACAAC
let-7b GCTCAGACAGAAGTCACACTGAGCAACCAC Samefolet-Ta CACACTGAGCAACCACACAAC
let-7c . GCTCAGACAGAAGTCACACTGAGCAACCAT Sametolet7a _ TCACACTGAGCAACCATACAAC
let-7d GCTCAGACAGAAGTCACACTGAGTACTATG  GCGGGCGGAGAGGTAGT GTCACACTGAGCACTATGCAAC
let-Te GCTCAGACAGAAGTCACACTGAGCACTATA CGGGCGGTGAGGTAGS AGAAGTCACACTCGAGCACTATACAAC
let-7f Same folet-Fa CGGGECGGTGAGGTAGTAGA AGAAGTCACACTGAGCAACTATACAAT
let-7g GCTCAGACAGAAGTCACACTGAGCACTGTA CGGGCGGTGAGGTAGTAGT AAGTCACACTGACCACTGTACAAA
fet-7i GCTCAGAGAGAAGTCACACTGAGCACAGCA CSGGCGGTGAGGTAGTAGT CACACTGAGCACAGTACASA
miR-24 CACCETTCOOCGCCTTCGGTGCTIRTTC CCCGCCTGGCTCAGTT CCCTCGBTECTGTTCCTG
miR-92 © CACCGTTCCOCGCOGTCBGTGCAGRLE CCOGCCTATIGCACTTGTC GTCGBIGCAGGCCOGH
.miR-10b GACCETTCSCCGOCGTOGGTOCACAAA CCGCCGTACCCTGTAGAA CGTCGGTCCACARATTCG
niR-221 CACCGTTCCCCGCCETCGGTGGAAACT CEGGOAGCTACATIGICTG CGTCGGTGGAALCCAGCA
miR-222 CACCGTTCCCCECCGTCGETGACCCAG CEGECAGCTACATCTGS CGTCGGTGACCCAGTAGE
miR-29 CACCGTTCCCCGOCGTCGETGTCAACA CCCGCCTAGCTTATCAGACTG GCCGTCQGTGTCAACATCA
: AmiR;‘iBS-Sp CACCGTTCCGCGCCOTCBETECTCRGG | CGCCETCCTGTACTGAGCT GTCGBTGCTCGGEGLAG
miR-451 . CACGGAACCGCGCCGACCGTEAACTCA COCCGAAACCSTTACCAT -3CCCACCGTGAACTCAGTAAT
miR-15b CACCGTTOCCCGCCCTCOGTETRTAAA ) CCGCCGTAGCAGCACATC CCBTCGCTGTETAAACCATG
miR-146b-5p CACCGTTCCCCGCCETCGGTGABCCTA CGGCGTGAGAACTGAATT CGTCGGTGAGCéTATGEA
miR-128  CACGGAACCCCGCCGACCGTGAAAGAG GGCGTCACAGTGAACCG CGACCGTGARAGAGACCG
miR-181¢ CACGGAACCCCGC@GACCGTGAC’{CAC CCGCCGAACATTCAACCT CGACCGTGACTCACCGAC
miR-181a Same to miR-181¢ ’ CGCCGAACATTCAACGT Same o niR-181c
miR-18 1> CACGGAACCCCGCCGACCHETGACCCAC CCGCCGAACATICATIGC GACCGTGACCCACCBAC
miR-425 GACCGTTCCCCGCCGTCGGTCTCAACG GGGCGAATGACACGATCAC CGTCGGTCTCAACGGGAG
miR-7 GACCGTTCCCQGOCGTCGGTGACAACA CGCOCTGGAAGACTAGTGAT CCGTCGCTGACAACAAAAT
miR-124 CACCGTTCCGLBCOCRTCGETGGECATT CATACCTAAGGCACBCGG GTCGGTGGGCATICACC
wiR-137 CACCGTTCCCCGCCGTCGGTGCTACGC CCGCCGTTATTGCTTAAGAA CGTCGRTGCTACGCGTAT
miR-139-5p  CACCGTTCCCCBCCGTCGGTGCTERAG CCGCCTCTACAGTGCACET CGTCGBTGCTGGAGACAC .
- miR-218 CACCGTTCCCCBLCCTCGGTGACATEE TCOGGCTTGTGCTTIGATCT CCETCEGTGACATGGTTAG
TABLE 3
miRNA  RT Oligonucleotide Sequence . Tm (*°C) AGpy (kcalmol})  AGpep (keal/mol)
miR21 - Sfem-loop . 86.2 -2.37 ‘ 0.19
: ' Linear 8586 0.16 - 121
i Stem-loop - TR 86.2 . -2.98 -0.55
miR-7 . -
~ Linear N 3 85.6 -0.16 1.21-
miR-218 §teln-(oo;) 2] 871 -2.48 -0.55
tinear SRCCOTTCECRECCETCEGTEACATES 86 4 -0.16 1.21
Stem-loop HCTCAGACASEAGTCACEN TERGCRACTAT 710 322 -0.20
B Linear ; 709 -0.02 140
* JotTg . Stem-loop’ SCTCAGACRS 728 322 0.20
. Linear LGRGRGTY 728 -0.02 1.40
7i Stem-loop GUTCAGACE 772 322 -0.20-
et Linear CGAGARICAGRAGT! -0.50 1.47

o TABLE 4
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SEQUENCE

SEQID NO

TAATACGACTCACTATAGGGTTGGATGTTG

CTGTAGAGGCATGGCCTGTGC

TAATACGACTCACTATAGGGCTGGATACAG .

TGCGATGGCTGGCACCATTAG

TAATACGACTCACTATAGGGGTGATAATGTA

TGTAGAAAGCTGCGTGACGTTCC

TAATACGACTCACTATAGGGGACCAGTCGC

TGCAGGAGAGCACGGTGCTTTCCG

TAATACGACTCACTATAGGTGTCGGGTAGC

i |~ | MRITWiN] -

TGTCAGACAGCCCATCGACT

—_
<

TAATACGACTCACTATAGGGTCAGAGTGAG

Py
iy

TCAGGGAAGGCAATAGATTGTATAGTTATCTCC

N
N

TAATACGACTCACTATAGGGTGTGGGATGA

—
w

CGTGGGAAAGACAGTAGACTGTATAGTTATC

-
=Y

TAATACGACTCACTATAGGGAGGCTGAGGT

=y
[+)]

TGGCAAGGCAGTGGCCTGTACAGTT

ey
[=2]

TAATACGACTCACTATAGGGCTGGCTGAGG

-
~

TAGCAAGGCAGTAGCTTGCGCAGTTATCTC

-
[=]

GCTCAGACAGAAGTCACACTGAGCAACTAT

N
©

GGGCGGTGAGGTAGTAGG

N
o

.GAAGTCACACTGAGCAACTATACAAC

N
-3

GCTCAGACAGAAGTCACACTGAGCAACCAC

N
N

CACACTGAGCAACCACACAAC

N
w

GCTCAGACAGAAGTCACACTGAGCAACCAT

n
S

TCACACTGAGCAACCATACAAC

n
(41

GCTCAGACAGAAGTCACACTGAGCACTATG

™~
(=]

GCGGGCGGAGAGGTAGT

N
~

GTCACACTGAGCACTATGCAAC

[}
@

GCTCAGACAGAAGTCACACTGAGCACTATA

N
©w

CGGGCGGTGAGGTAGG

[M]
o

AGAAGTCACACTGAGCACTATACAAC

w
-

CGGGCGGTGAGGTAGTAGA -

[
N

AGAAGTCACACTGAGCAACTATACAAT

w
w

GCTCAGACAGAAGTCACACTGAGCACTGTA |

Tew
E-N

TABLE 5
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SEQUENCE

SEQ ID NO

CGGGCGGTGAGGTAGTAGT

35

AAGTCACACTGAGCACTGTACAAA

36

GCTCAGACAGAAGTCACACTGAGCACAGCA

37

CGGGCGGTGAGGTAGTAGT

38

CACACTGAGCACAGCACAAA

39

CACCGTTCCCCGCCGTCGGTGCTGTTC

40

CCCGCCTGGCTCAGTTC

41

CCGTCGGTGCTGTTCCTG

42

CACCGTTCCCCGCCGTCGGTGCAGGCC

43

CCCGCCTATTGCACTTGTC

44 .

GTCGGTGCAGGCCGGG

48

GACCGTTCCCCGCCGTCGGTCCACAAA

46

CCGCCGTACCCTGTAGAA

47

CGTCGGTCCACAAATTCG

48

CACCGTTCCCCGCCGTCGGTGGAAACC

49

CGGGCAGCTACATTGTCTG

50

CGTCGGTGGAAACCAGCA

51

CACCGTTCCCCGCCGTCGGTGACCCAG

52

CGGGCAGCTACATCTGG -

53

CGTCGGTGACCCAGTAGC

© 54

CACCGTTCCCCGCCGTCGGTGTCAACA.

55

CCCGCCTAGCTTATCAGACTG

56

GCCGTCGGTGTCAACATCA .

57

CACCGTTCCGCGCCGTCGGTGCTCGREG

58 .

CGCCGTCCTGTACTGAGCT

59

GTCGGTGCTCGGGGCAG

. 60

’ CACGGAACCCCGCCGACCGTGAACTCA

61

CGCCGAAACCGTTACCAT.

62

GCCGACCGTGAACTCAGTAAT

63

CACCGTTCCCCGCCGTCGGTGTGTAAA

64

"CCGCCGTAGCAGCACATC

65

CCGTCGGTGTGTAAACCATG

66

CACCGTTCCCCGCCGTCGGTGAGCCTA

67

CGGGCGTGAGAACTGAATT

68

TABLE 5 (continued)
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SEQUENCE

SEQ D NO

CGTCGGTGAGCCTATGGA

69

CACGGAACCCCGCCGACCGTGAAAGAG

70

GGCGTCACAGTGAACCG

A

CGACCGTGAAAGAGACCG

72

CACGGAACCCCGCCGACCGTGACTCAC

73

CCGCCGAACATTCAACCT

74

CGACCGTGACTCACCGAC

75

CGCCGAACATTCAACGC

76

CACGGAACCCCGCCGACEGTGACCCAC .

77

CCGCCGAACATTCATTGC

78

GACCGTGACCCACCGAC

79

GACCGTTCCCCGCCGTCGGTCTCAACG

80

GGGCGAATGACACGATCAC

81

CGTCGGTCTCAACGGGAG

82

CACCGTTCCCCGCCGTCGGTGACAACA

83

CGCCCTGGAAGACTAGTGAT

84

CCGTCGGTGACAACAAAAT

85

CACCGTTCCGCGCCGTCGGTGGGCATT

86

CATACCTAAGGCACGCGG

87

GTCGGTGGGCATTCACC

88

CACCGTTCCCCGCCGTCGGTGCTACGC

89

| CCGCCGTTATTGCTTAAGAA

g0

CGTCGGTGCTACGCGTAT

91

CACCGTTCCCCGCCGTCGGTGCTGGAG

92

CCGCCTCTACAGTGCACGT ™ -

93

CGTCGGTGCTGGAGACAC

94

CACCGTTCCCCGCCGTCGGTGACATGG

95 .

TCGGGCTTGTGCTTGATCT

96

CCGTCGGTGACATGGTTAG

97

-| CACCGTTCCCCGCCGTCGGTGTCAACA

.98

GACCCTTCGCGGCCGTCGGTGTCAACA

99

CACCGTTCCCCGCCGTCGGTGACAACA

100

GACCCTTCGCGGCCGTCGGTGACAACA

101

CACCGTTCCCCGCCGTCGGTGACATGG

102

TABLE 5 (continued)
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SEQUENCE o S SEQ ID NO
GACCCTTCGCGGCCGTCGGTGACATGG g ‘ 103
GCTCAGACAGAAGTCACACTGAGCAACTAT 104
CGAGAGTCAGAAGTCACACTGAGCAACTAT 105
GCTCAGACAGAAGTCACACTGAGCACTGTA 106
CGAGAGTCAGAAGTCACACTGAGCACTGTA » 107
GCTCAGACAGAAGTCACACTGAGCACAGCA 108
CGAGAGTCAGAAGTCACACTGAGCACAGCA ' 109
UAGCUUAUCAGACUGAUGUUGA 110
TCAACATCAGTCTGATAAGCTA ' ‘ 111
TAGCTTATCAGACTGATGTTGA . 112
CACCGTTCCCCGCCGTCGGTGTCAACA : 113
CCCGCCTAGCTTATCAGACTG . C114
GCCGTCGGTGTCAACATCA . 115
UGAGGUAGUAGGUUGUAUAGUU A o ' 116
UGAGGUAGUAGGUUGUGUGGUU® 117
UGAGGUAGUAGGUUGUAUGGUU 118
UGAGGUAGUAGAUUGUAUAGUU - o 119
UGAGGUAGUAGUUUGUACAGU - 120
UGAGGUAGUAGUUUGUGCUGU o 121
AGAGGUAGUAGGUUGCAUAGU ' ‘ 122
UGAGGUAGGAGGUUGUAUAGU ' . 123
GCTCAGACAGAAGTCACACTGAGCAACTAT ‘ 124
GCTCAGACAGAAGUCACACTGAGCAACTAT _ 125 .
GCTCAGACAGAAGTCACACUGAGCAACTAT ' 126
CACCGTTTTCTTTCGGTGTCAACA _ ' ' 127
CACCGUUUUCUUUCGGTGTCAACA i 128

TABLE 5 (continued)
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) Stem .
RT. - miRNA - . &9 Loop
3742°C — (&43)
. 3
) RT oligonuciectide.
miRNA targeting sequence (5-18)
, 1% amplification primer (Pf) .
P (42-27) |
5 f Gap (410 §
voTm . miRNA targeted §Gap (, )
PCR | linker | sequences (7-16)
>50°C 5 (e18) i
- =t cDNA
~ e A
! (1-5) - H H
miRNA sequences e
(1-18) !

v : s
- 27 amplification primer (Pr)
(13-24)

FIGURE 3
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miRNA

© miRNA A i ) Forward Primer
L
st :

Reverse Primer

eDNA : m >

) ' . .__EEIO UDG removes uraci!,
cDNA treated : :

N leaving apyrimidinic site
with UD6 | - :

e

Polymerase drop off of cleavage site

PCR - 1t s¢
cycle
PR - Reverse Primer. Reaction Carryover RT Primfr Reaction
cycle . e —
R 5 ESIN R
Reverse primer binds =~ - ... RT primer binds
¥ » . e
Insubsequent cycles
o - !
% b

Priming sequence for

riming sequehce for K i
Priming sequence fo RY primer (~10n1)

veverse primen (~20nt)

FIGURE 4 -
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-MicroRNA target
5’- UAGCUUAUCAGACUGAUGUUGA -3' 5

ACAACT rdu
3’

Stem-loop Reverse Transcription

5’

] .
3= ATCGAATAGTCTGACTACAACT Tau.

* Uracil-DNA Glveosylation

3= ATCGAATAGTCTGACTACAACT y

Hemi-nested Fast-cycling Real-time PCR
{SYBR Green | Detection)

\ P

. Illllllllllllh
3~ ATCGAATAGTCTGACTACAACT w57
Pr
) IR R
5=TAGCTTATCAGACTGATGTTCGA : K

FIGURE 5
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GAP

. miR-21: -2
miR-24: +2-
miR-92: -1
miR-218:-2

FIGURE 6
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- Ct ACt

LOO p (l'i'?;g:ﬂ ?::1:})' - (C* small loop ~ Ct large Ioop)
miR-21 30.2 20.1 -10
miR-218 . 224 22.3 -0.2
-0.3

-miR-24 | 224 | 221

.. FIGURE 7
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. Assay Design Flowchart Example {hsa-miR-21}

{ Extract mature miRNA sequence {seq) .

|

l hsa-miR-21: 5™~ uagouuaucagacugauguuge -3

|

=

Design RT oligonucieotide

1. 5'stem-loop tag seq (stem: &-8nf; foop: ~11nf) \V(thout
significant homology to sequences from spacies of
interest {eg. homo sapiens)

2. 3 miRNA-specific seq (6nt, reverse complementary fo
3’ of mIRNA sequence)

3. Optionally, i) residue can be neorparated in the jpop
region. .

RT Oligonucleotide: miR-21 specific
seq (RT)
«ly
5 CACCGTTCCCCGCCGTLGGTGTCAACA -3°
| T A A pa—

Al Y Y
Stem loop Stem

==
g

Eval

te RT oligonucieotide (mfold)
Formation of stahle aiem-loop seoondary structure at
RT condition (AG < -0.5 keal/mol)
Dioes not form stable stem-loop secondary structuxe at
PR condition {(AG 2 -0.5 kcal/mol)

N

HEE

€ AGgy = -2.37 kealimol
AGpcq = 0.19 kealimol

Design hemi-nested real-time PCR primer

Tm and 3" miRNA specific seq (~12n8)

‘12, Reverse primer {Tm~ 58°C} with partial stem-lcop tag
seq (3-10nt) and miRNA specific seq (8-11nt, including
Ontused in RT and 3-5nt 3" profruding seq).

4. Forward primer (Tm « 58°C) with 5’ tag seq to increase

Reaction Conditions .
RT: Ma- = 75 mM, Mg® = 3 mM, Temp = 42°C
PCR: Na* = 50 mM, Mg?* = 2.5 mM. Temp = 60°C

Forward Primer:
5- CCCGCCTAGCTTATCAGACTG -3
| U X, J

Y A
Tag seq miR-21 specific seq

Reverse Primer:

§- GCCGT: TGTCAACATCA -3

Partial stem- ~ (RT) (Hemi-nested PCR)
loop tag seq
miR-21 specific seq

FIGURE 8 -



yz 3%+ 480,
R*¥= 1,00

LN B S CH N

34 567

X

n n Mhna:? @ @ LogiCo Pi?s}.‘
C Amplfitston D .
o - —— - - 40
‘,ewz-“»«fﬁ;—i*fé-x—‘,si!yya ARl y=-3.5x+424

R*= 1,00

T e ——.
o o = P 012345678310
Crelea . Log(Copies)
Eﬂ{\] Arnyb'fmn&m‘ F

B N 40
t Total RNA 0 y=-3.5x 4455
. R¥=1.00
. 30 -
5 .

20 A

U

10 Tt & & K O rF %
"2 3 4.5 6 7 8 9

Cysicn

FIGURE 9 -

€ . 5
Cycles Logifg Total RHA)
G.. tiicton A H .0 - ye -?;'8)( +36.7
o0 i Cells ,s«“j’;,“;_‘;f‘%fw;;ﬁ;f;;j:; ‘ R*=0,99
70 4 ) Ay E 30 -
890 {74 .{7 »
Eom : A A 1 @
:'s;x:.m : é i f‘ ,;’! j . j . 20[ A
o 105cefls/ ./ AGcells /|
4000 4 L FEE 4 - 10 ———
0 enviesiontorcttoetlienuend C o 1 2 3 4 5 B
W P> B aw

Log{tlumber of cells)



30

8Ct

10

16/26

. B
let-7d
’ *&COH(M %
=-3,2025x + §1.941 O
R*= 1 )
~Spike-in .
y =-3.2025x + 52.098
R—=P.997§ . . 10
7 9
Log{Copies})

0 4

- let-Te

1 @Cont;\f\g
y = -3.4925x + 53.154

R*=1

-¢ Spike-in
y = -3.5426x + 54.322
R* = 0.8009

7 8
Log{Copies}

FIGURE 10



A jet.7a

' let-7e

B

-Synthetic jet.7g | 0.072.

1726

let-7b
let-Te
let-7f
let-Tg
let-7i

let-7d A

Relative Detection miRNA real-time RT-PCR assay
‘ %) let-7a let-7b. let-7c let-7d let-7e let7f let7g  let7i

let7a | 10001 0036 0005 0225 0208 0000 0.000
let-7b |0.002 0002 .0.001 0001 0000 0.000
let.7c | 1.778 0.003. 0.075 0000 0.000 -
0000 0000 0000 0.000
| 0.000 )

miRNA - - .;
target let-7e | 0.002 0.000 0.000

- let-7f [ 0.029 0.000 0.000
let-7g | 0.000 0.000 0.000

let-7i ‘| 0.000 0.000 "0.000 0.00° 0.001

FIGURE 11
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A.
let-7a RT Sequence
oligonucleotide q -
dT GCTCAGACAGAAGTCACACTGAGCAACTAT
au1 - GCTCAGACAGAAGUCACACTGAGCAACTAT
du2 GCTCAGACAGAAGTCACACUGAGCAACTAT
- 0.04
< D-L:JDG
.= =
5 o, T
B 0.03 - :
— %k T , %k
o ™  p—
o 2 :
L2
o 0.02 4
a
N
Q
o
_g 0.01 1
E .
]
i N
0 ] i T

dT -~ dUtl duz2
100 nM

FIGURE 13
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miR-7 miR-21 miR-218 let-7f let-7g et 7i
¢c a b ¢ a b c a b ¢ a b

FIGURE 14
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miR-21 RT Qligonucleotide Sequence

a7 CACCGITEICTTTCEGTGTCARCA
du . CACCGUUUT
B Qmﬂ;lcnﬁon C Amplficatian
302 1 105 s
dT PR “lau
0z d
- 0
&
102
wn

Lphi RT olign
L ORNASER
s «RNRse
)

FIGURE 16
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8y miR-T * 8 y miR-21 —GBNE e y miR-218 —~GOKRF
e .
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A
GDNF(min} 0 5 15 30 60 180 360

e

Phospho-ERK1/2 | = &5 55 S 85 e

Total ERK1/2 w@ww w %u—-

B o126 (5uM) = = = + + +
GDNFmin) 0 5 15 0 5 15

Phospho-ERK1/2

Total ERK1/2

FIGURE 18
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A4D . o Isolated RNA B@ 2 ¢ Isolated RNA
miR-21 » uCeliLysate - miR-222 = Cell Lysate
¢ Celi Lysate {Rl) + Cell Lysate (RI) -
39 4 30 4 . ¢
P y=3.7x+ 38,9 P = 34%+ 3T 8
& R?= 0.99 © e
20 A 20
19 : dpmrmrepreet et e 10 frpmper e el 4
1 10 100 . 1000 10000 100000 1 10 100 1002 10000 1060000
Number of Ceils : Number of Celis

FIGURE 19
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