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l Challenges analyzing miRNAs (and other short NA)

microRNAs are short (most 21-22 nt) and cannot fit
two conventional PCR primers

* There is no common sequence feature to use for the
enrichment and amplification.

* The mature miRNA sequence is present also in the
pre- and the pri-miRNAs

 mIRNA isoforms (isomiRs) might evade capture, due
to terminal heterogeneity
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Current methods make the microRNA longer

RT primer
LLIL L

miRNA

Step 1:
Stem-loop RT

*IIIIIIIIIIIIIWO

Step 2:
Real-time PCR

Forward primer

TIT T
<
é b Reverse
primer

TagMan probe

ThermoFisher
SCIENTIFIC

One probe only limits specificity

Step 1: First-strand synthesis (RT)
Mature microRNA

A AAAAAAAAAAAAAAAAAAAA
B AAAAAAAAAAAAAAAAAAAA
G TTTTTTTTTTTTTTT

3" degenerate anchor 5" universal tag

Step 2: Real-time PCR amplification

miR-specific forward primer
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miR-specific reverse primer
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Poly-ATailing

<DNA Synthesis

4PCR with
SYBR Green SuperMix

Poly A polymerase
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dNTPs Oligo-dT Adapter Primer

Reverse
Transcriptase
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-

miR-Specific Primer
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Universal PCR
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Two-tailed RT-qPCR

A
5¢ miRNA 3¢
5 hemiprobe 5
3 \3’ hemiprobe

Two-tailed RT primer
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Two-tailed RT-qPCR

T T

5 miRNA 3¢

5 hemiprobe 5
3 \3’ hemiprobe

Two-tailed RT primer

5l

RT

3l

51

RT

3l

51

D

51

REVERSE primer

3¢ 15t gPCR cycle
5!

51

3l

3l

)

{

FORWARD primer
2" qPCR cycle
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Design concept

—

5‘complementary segment contributes to the sensitivity of the assays

Relative
5’segment Cq detection

miRNA I

(RARRARNAN 1 10-mer 17.41 100 % RT primer =—

reverse

PCR primer
5 meeessse—————— 3 )
XXKHXHKKX KK TN anti-10-mer 26.12 0.24%
... I 5 3 ..

[l 0-mer 26.40 0.20 %
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Design concept

miRNA I

RT primer =—

reverse P
PCR primer

T—
5‘complementary segment contributes to the sensitivity of the assays
Relative
5’segment Cq detection
.
s L 10-mer 17.41 100 %
... I © ) ...
d XXKHXHKKX KK TN 3 anti-10-mer 26.12 0.24%
... I 5 3 ..
> LT 0-mer 26.40 0.20%
5 .
5‘complementary segment contributes to the specificity of the assays
Relative
- Cq detection
-
e L 17.41 100 %
- I O - ..
_ N
5 3
Freerrener o 22.07 3.96 %
... I 5 o I ....
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Design concept

T
5‘complementary segment contributes to the sensitivity of the assays
Relative
5’segment Cq detection miRNA ——
5 3 RT brimer
FETLLEETT] K 10-mer 17.41 100 % PrIMEr  —
... I 5 3 — ..
reverse I
PCR primer
> XXKHXHKKX KK TN ¥ anti-10-mer 26.12 0.24%
... I 5 3 ...
> L1 o 0-mer 26.40 0.20 %
5 3 ...
5‘complementary segment contributes to the specificity of the assays
Relative Relative
R Cq detection Cq detection
" 3 5 I 3
LELETEITTT LI 17.41 100 % FEEELTL I 17.61 100 %
oo I O o ... ... T 5 5 I ...
5 x_ 3 5 >(_ 3
. LI 2207 3.96% IIET 28.68  0.04%
.. I 5 3 ... ... I 5" 3
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Sensitivity and dynamic range

Amplification

dynamic range - let-7d in water
40-
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miRNA copy number (log,,) per RT reaction
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dynamic range - let-7d in 100 ng yeast RNA
40-
35 % = 0.9975
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miRNA copy number {logy,) per RT reaction

B dynamic range - let-7a dynamic range - let-7d dynamic range - miR-21
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Sequence specificity across the entire microRNA

Relative detection (%)

Relative detection (%)

let-7a let-7h let-7Tc let-7d let-Te let-7f let-7g let-7i let-7a let-7b let-7c let-7d let-Te let-7f let-Tg let-7i
A [100.00 0.07 046 0.14 031 001 0.00 0.00 A 100.00 044 2089 220 368 838 037 000
B 000 10000 061 000 000 000 000 0.00 B 0.19 10000 2248 000 000 001 000 0.01
Cc| 001 018 10000 000 0.00 000 0.00 0.00 c 008 177 10000 0.00 000 001 000 000
% D 000 0.00 000 10000 0.00 000 0.00 0.00 % D 25 001 137 10000 001 001 0.00 0.00
ﬁ E 015 ©0.00 0.00 0.01 100.00 0.00 ©0.00 0.00 2'3 E 088 007 787 0.08 10000 040 0.03 0.00
F 018 0.00 001 000 0.00 100.00 0.02 0.00 F 200 0.6 022 012 0.01 100.00 0.15 0.00
G| 000 000 000 0.00 0.00 001 100.00 0.00 G 098 000 032 001 001 272 100.00 0.02
I 000 000 000 0060 000 000 0.00 100.00 1 000 000 000 000 000 000 001 100.00
Two-tailed RT-qPCR TagMan
Relative detection (%) Relative detection (%)
let-7a let-7b let-7c let-7d [et-7e let-7f lef-7g let-7i let-7a let-7b let-7c let-7d let-Te let-7f let-7q let-7i
A 100.00 027 [80.71 217 158 247 155 000 A 100.00 12.64 5552 OISR 7672 4868 069
B 009 10000 32.84 000 0.00 000 0.00 0.02 B 7.78 100.00 4546 108 0.06 0.08 0.01 139
C 4891 27.00 100.00 031 0.56 095 0.06 0.00 C 14 100.00 28.76 1.13 915 045 0.01
% D 012 033 007 100.00 0.00 000 0.00 0.00 % D 1484 0.00 008 10000 0.21 019 0.03 0.00
ﬁ E U013 013 U013 UUU TUUOU UU3  0U3 U2 QE 510/ 0.U4 209 2757 TUUUOU 652 099 00U
F 073 085 072 002 000 100.00 005 0.04 F 5428 0.01 056 11.85 3.28 100.00 1445 0.05
G 002 000 001 000 000 026 100.00 16.84 G 007 000 000 000 000 018 10000 091
1 000 000 000 0.00 0.00 000 038 10000 | 000 000 000 000 000 000 743 100.00
Quanta miQPCR
B C
name saquence
iet-fa  UGAGGUAGUAGGUUGUAUAGUU Relative
let-7b  UGAGGUAGUAGGUUGUGUGGUU Mature  Precursor  jatection
jlet-7c  UGAGGUAGUAGGUUGUAUGGUU let-7a 17.74 21.31 6.98%
let-7d  AGAGGUAGUAGGUUGCAUAGUU let-7h 16.98 21.22 5.31%
let-7e  UGAGGUAGGAGGUUGUAUAGUU faEF {E%E . o
let-7f  UGAGGUAGUAGAUUGUAUAGUU
let-7g  UGAGGUAGUAGUUUGUACAGUU

let-7i  UGAGGUAGUAGUUUGUGCUGUU
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Benchmarking in biological samples

Expression of 8 targets in 7 mouse tissues measured and compared with TagMan miRNA assays

Excellent correlation of relative expression profiles between the two methods

miR-122-5 miR-1a-3p miR-193a-3p :
18 P r=0998 18 r=0999 5 _ sl Two-tailed RT-qPCR
16 16 s r=0.996
14 14
i 4 3
g 8 2 s TagMan miRNA assays
) : |
0 0 0
& & 0‘3‘6 @ '\*‘é R & & F & '\V@ $* & & & RO R
NN O RS AR SRS v S g E S &
. miR-24-3
miR-21a-5p P
5 5 r=0.999 16 e
r=0.998 4 R?=0.9854 o .-
e
4 . 14
3 c
2 2 S 1
1 1 8
0 0 £ 10 _—
S LR S B R SR F & FH @& P S o
<° odg. &e \9(\ & & \),ac} & c?‘& & \ibb(\ SN f,' 8 .
# .
@ 6 .
=
. S o o
let-7a-5p miR-30c-1-3p | | _g74 s . ° ot
5 5 (s} .
; r=0.981 ; & : .
3 3 2 l"
2 2 0 -.'
1 1 0 2 4 6 8 10 12 14 16
0 0

Fold change (log,) Two-tailed RT-gPCR
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Discrimination of isomiRs

—
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2-tube Multiplexing

r—

8 different RT primers were pooled for multiplex reverse transcribed and subsequent
singleplex gPCR

=
a

A Cq (relative to singleplex protocol) e 0.9085 ‘-.’_‘_A. ®
Sample | miR-122 miR-193a miR-1a miR-21a miR-24 miR-30c Let-7a 14
brain | 012 093 126 241 011  -008  0.72 3,
cereb. [ 009 099 167 217 020 028 085 =
heart | -021 067 138 206  -034 -013 050 e o
kidney [ 032 095 190 226  -0.14 007 025 P g o
liver | -020 08 173 250  -028  -0.20 0.4 o
lung | 002 096 147 236 004 044 076 < ° ot
muscle | 011 087 170 233  -017 -023 124 S, os®’
average | -0.03 0.89 1.59 2.30 -0.08 0.02 0.68 2 ) ““".
st.dev.| 0.19 0.11 0.22 0.15 0.20 0.25 0.32 . &‘..
0 2 4 6 8 10 12 14 16

Fold change (log,) singleplex

1-tube RT-gPCR multiplexing
IS also possible using probes
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8 different RT primers were pooled for multiplex reverse transcribed and subsequent
singleplex gPCR

Sample |m: ,,,

brain
cereb.
heart
kidney
liver
lung
muscle

average
e

st.dev.

|

2-tube Multiplexing

Modified RT Primer y
with BHQplus Probe

10 replicates

1-tube RT-gPCR multiplexing
IS also possible using probes

14 16
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Summary: Two-Tailed RT-PCR for microRNA

* New RT-gPCR method

*  High sensitivity <H00h E>
*  Wide dynamic range

* Very high specificity

*  Unlimited multiplexing in RT with downstream singleplex gPCR

 RT-gPCR multiplexing with probes

Nucleic Acids Research, 2017 1
doi: 10.1093/narlgkx588

Two-tailed RT-qPCR: a novel method for highly
accurate miRNA quantification

Peter Androvic'-?, Lukas Valihrach', Julie Elling®, Robert Sjoback® and Mikael Kubista'-3"
"Laboratory of Gene Expression, Institute of Biotechnology CAS, Biocev, Vestec 252 50, Czech Republic,
2Laboratory of Growth Regulators, Faculty of Science, Palacky University, Olomouc 783 71, Czech Republic and
STATAA Biocenter AB, Gothenburg 411 03, Sweden
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Standardisation and improvement of generic pre-analytical tools and procedures for in-vitro diagnostics

About the Project News and Press Events and Trainings Publications

NEWSLETTER ABOUT SPIDIA AND SPIDIA4P

Subscribe to our

newsletter to receive latest SPIDIA was a 4.5-year project funded by the European Union FP7 programme. It brought together 16 leading

: academic institutions, international organisations and life sciences companies, coordinated by QIAGEN GmbH. The
news about the project

project tackled the standardisation and improvement of pre-analytical procedures for in-vitro diagnostics. Various
CONTACT US new pre-analytical technologies were developed. Within the CEN/Technical Committee 140 for “In vitro medical

Visit our contact form to devices”, SPIDIA's results enabled to develop and introduce the first 9 CEN Technical Specifications (CEN/TS) for

Rt ISBTT AT el S pre-analytical workflows in Europe.

submit comments and
_ _ The SPIDIA4P project builds on SPIDIA's results and is funded by the European Union’s Horizon 2020 research and
questions about this
innovation programme. The consortium of 19 highly experienced partners from private industry including SMEs,

website,
public institutions and one European Standards Organisation is again coordinated by QIAGEN GmbH. It plans to
initiate, develop and implement a comprehensive portfolio of an additional 14 pan-European pre-analytical CEN/TS
and 1SO/IS documents as well as external quality assessment schemes (EQAs), addressing the important pre-
analytical workflows applied to personalised medicine.
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Quality control tool box for microRNA

5’-Phos for sequencing

40 < GC/% < 64

Usage Name Sequence GC % Origin

_ cel-miR-54-3p  /5Phos/UACCCGUAAUCUUCAUAAUCCGAG 41.7 C. elegans
Isspc::(aet_lic:; miR-spike-A /5Phos/UGCAGCCCUACCGACACGUUCC 63.6 artificial
miR-spike-B /5Phos/ACUCAGGUUGUAGGAGCGGUCUU 52.2 artificial

~ cel-miR-76-3p  /5Phos/UUCGUUGUUGAUGAAGCCUUGA 40.9 C. elegans

RT spike-ins cel-miR-2-3p /5Phos/UAUCACAGCCAGCUUUGAUGUGC 47.8 C. elegans

Endogenous controls
mir-451a
mir-23a

@ tataabiocenter



l Test system for optimization

——

* Human plasma (K,EDTA BD Vacutainer tubes; 1500g/3000g)
 Human serum (8.5 ml, vacutainer SST Il Advanced tubes)
« Rat serum (1ml Eppendorf tube; 1000g/30009)

« Extraction: miRNeasy Serum/Plasma Advance kit (Qiagen)

* RT: GrandScript FreePrime (TATAA)
« gPCR: GrandMaster SYBR (TATAA)

@ tataabiocenter



Workflow

cel-miR-54-3p
miR-spike-A
miR-spike-B

cel-miR-76
cel-miR-2

Sample1 Sample2 Sample3 Sample 4

v v v X

Ad_d isolation §pike-in Isolate RNA
mix at the lysis step.

Add RT spike-ins
before cDNA synthesis

Isolation spike-in mix

Final concentration

RNA oligo (copies/ul)
cel-miR-54 1.00E+07
spike_A 2.00E+05
spike_B 4.00E+03

Optionally add diluted
isolation spike-mix again
to ,,spike-only“ control

Use provided Two-tailed Evaluate the
RT-gqPCR protocol to quality of samples
quantify spike-ins and
endogenous miRNAs

200x
200x

RT spike-in mix

Final concentration

RNA oligo :

(copies/ul)
cel-miR-76 1.00E+07 40000x
cel-miR-2 4 .00E+03
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l Factors tested/optimized

—

 Initial input volume used for RNA isolation. Risk for carry over of
contaminants. Saturation of column. Most vendors recommend: 200

ul. However, optimum volume seem to depend on:

— isolation protocol
— sample type
— organism.

 Hemolysis was prepared by addition of lysed erythrocytes (by
freeze-thawing) in a serial dilution. Ratio mir-451a:mir-23a is tested

as indicator for hemolysis

— Mir-451a is highly abundant in erythrocytes
— Mir-23a is abundant in serum/plasma, but not in erythrocytes

- Effect of glycogen as carrier

@ tataabiocenter
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Human plasma

miRNeasy Serum/Plasma Advanced kit (Qiagen)

A Human plasma

Cq difference relative to 200 pl

24

Isolation spike-ins

Endogenous miRNAs

o
1

1
N
1

e 5,

Poor isolation

reproducibility

¥

"

Poor reproducibility

—]

N
1

N
1

Poor yield
-2+
100 I 200 pl 250 pl 300 pl 400 pl 100 ul 200 pl 250 pl 300 pl 400 pl
RT spike-ins Mean profiles
44
Problems not due to
RT or PCR inhibition 21
'S [ ] L J °
St i sleets WD e | O
24
100 pl 200 pl 250 pl 300 pl 400 pl 100 pl 200 pl 250 pl 300 ul 400 pl

Input volume
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Human serum

——

miRNeasy Serum/Plasma Advanced kit (Qiagen)

B Human serum

Isolation spike-ins Endogenous miRNAs
44 4
Narrower optimal range
_ 21 2+
| E B
=3
= = Iél
N **
o 0+ ————e— * 0 e & e *
- - *—‘- ——
o $ -b** —_—1
2
H T T T T T T T T T T T T
% 100 pl 150 pl 200 pl 300 pl 400 pl 500 pl 100 pl 150 pl 200 pl 300 pl 400 yl 500 pl
; RT spike-ins Mean profiles
(8)
c
O 41 4-
1.
()
£
T
T 21 21
O
: T .. ._
e . . |
01 . *E.E 0
—T ——
100 pl 150 pl 200 i 300 i 400 i 500 pl 100 pl 150 pl 200 i 300 i 400 pl 500 il

Input volume
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C Rat serum

2.5

o
o

N
o

N
o

Cq difference relative to 100 pl
=

-2.51

Rat serum

r—

miRNeasy Serum/Plasma Advanced kit (Qiagen)

Isolation spike-ins

Endogenous miRNAs

Lower optlmal input volume

Input volume

* E 2.5-
-2.51 w
50yl 75ul 100l 125ul 150l 2004 300 i 50yl  75ul 100l 125p  150ul 200wl 300 gl
RT spike-ins Mean profiles
2.5-
. [ ]
1 *ﬁ = e EEE e -‘-ﬁ -1-$ 0.0
2.5
50yl  75ul 100l 125ul 150l 2004 300 i 50yl  75pl 100l 125p  150pl 200ul 300 gl
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l Conclusions

—

Extracting with the miRNeasy Serum/Plasma Advanced
kit (Qiagen) we find:

* Relation between input sample volume and amount
of cDNA is non-linear due to extraction issues.

* Poor yields are observed with low as well as high

input volumes. Working volumes are:

— Human plasma: 250 pl
— Human serum: 300 — 500 pl
— Rat serum: 150 pl

@ tataabiocenter



Effect of glycogen (human plasma)

Isolation spike-ins RT spike-ins  Endogenous miRNAs
p-value
404 0.012 0.157 0.926 0.276 0.016 0.089 0.015 0.001
o) A
. Gt
351 oK no lycogen
O glycogen 9lycoeg

301 o a e o mean CV
o B By B 389%  1.88%

O 251 | (|15 all)
1 p < 0.005
20- O
®
154 g3
10 || || | | | | | |

> ¢

Higher reproducibility: F-test, p<0.001)
Higher yield: ACq=1.25, paired t-test, p<0.011) @ tCItCICI biocenter




Hemolysis

w

Erythrocyte (v/v) 1%

28
26
24
22
20
18
16
14
12
10 ;
02
06 ]
04

02
00 |

'

)

0.5%
1.498
0.174
0.178
18.24

!

0.25%
0.852
0.098
0.100
17.86

0.125%
0.491
0.055
0.053
16.57

0.063%
0.313
0.033
0.029
15.70

0.031%
0.220
0.025
0.020
15.07

| 1 :
L4 | s | e | 7

0.016%
0.172
0.021
0.019
14.46

0.008%
0.146
0.015
0.011
13.55

Sample 1
Sample 3
Sample 5
Sample 7
Sample 9

-

0%
0.118
0.018
0.013
12.83




mir-451a:mir-23a as indicator for hemolysis

—
1) Human plasma 2) Human serum 3) Rat serum
2.4 R
sal . iZ 2.01 Absorbance
2.0 24/ 1.84
£ 1.8 22 €16 -~ 414 nm
c c c
Sie 320 < 14l -~ 540 nm
X 141 <18 <
3 g6 8121 - 578 nm
1.21
< €14 £
© © ®© 1.0
£2 1.0 212 2
208 10 S 081
2 2 2
<06 <08 < 6.
0.4] 0.6
‘ 0.4+ 0.4
0.2
0.2+ o2l
0.0+ 0.0
12 13 14 15 16 17 18 19 10 11 2 13 14 15 16 17 18 6 7 8 9 10 1 12
delta Cq (miR-23a - miR-451a) delta Cq (miR-23a - miR-451a) delta Cq (miR-23a - miR-451)
0.40 0.25
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° 0.351
0301 . 0.201
£ £ 0.30- £
{= [ [
00 0.25 © ©
5 & 0.251 5
g 0.20 2 S 0.151
[T 1 (7] 0.204 ({2
[ [ [
2015 = 2
e © ©
2 8015 2010
o o o
30" 3 0.10 3
< < <
0.05 0.054 0.05+
0.00- 0.00-
12 13 14 15 16 17 18 19 10 1 12 13 14 15 16 17 18 6 7 8 9 10 1 12
delta Cq (miR-23a - miR-451a) delta Cq (miR-23a - miR-451a) delta Cq (miR-23a - miR-451)
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Cq of isolation spike-ins deviates?

No

v

Cq of RT spike-ins deviates?

|

Spike-B detected?

Yes

I No

I } f—

Cel-miR-54-3p
miR-spike-A
miR-spike-B

Cel-nir-76-3p
Cel-miR-2-3p

mir-451a
mir-23a

Yes No
i A Cq of cel-miR-54, spike-A assays i
: (Cq sample — Cq ,,spike only control®) :
High (> 2-3 Cq) Low (< 2-3 Cq)
| ' '
Interpretation

inhibiti ¢ ‘ Isolation efficiency comparable Low amount of isolation
nhi |t|.on.o reverse Suboptimal No technical between samples, but overall ike-ins added bef
transcr|pt|0n and/or isolation efﬁciency errors poor and Iow—abundant Spl e-Ins a e erore

PCR amplification

miRNAs may have been lost

isolation / stock is degraded

Suggested actio

n

Re-isolate the samples/purify
or dilute the template RNA

Alternatively exclude affected
samples from the study

and check again for inhibition.

Re-isolate samples
or exclude them
from the study

Proceed with
the experiment

Increase the RNA input and
volumes of RT and gPCR
reactions. Consider using more
efficient isolation protocol.
Check for RNase contamination

RNA eluates are of good quality.
Next time increase the amount
of isolation spike-in added per
isolation / prepare fresh stock

solution

P. Androvic, L. Valihrach, N. Romanyuk, M. Kubista, Nature Scientific Reports (accepted
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" TATAA Alu QC assays

The Alu element is the most abundant se
present in over 1 million copies comprising ~11% of the
genome

TATAA has developed three Alu assays

- TATAA Alu-60 (60 bp)
- TATAA Alu-135 (135 bp)
- TATAA Alu-187 (187 bp)

Application 1: Super sensitive assay to measure total
amount of genomic DNA in a sample.

Application 2: Test for gDNA contamination in master mixes,
primer mixes and other reagents.
P

9 tataabiocenter

https://webshop.tataa.com/product.html/tataa-alu-assay?category_id=66




Applications using TATAA Alu assays

ACQ (ay187 - Au60)

9.0

8.5

8.0

7.5

7.0

6.5

6.0

5.5

5.0

nucleosome

Application 3: Test for gDNA
contamination due to e.g., cell lysis
in serum/plasma samples

linker CafJa,
(20-60 bp)

gDNA \

-25% 0% 25% 50% 75% 100%

Percentage genomic DNA
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