REST-384 © :
an improved way of simple and precise
qRT-PCR data evaluation
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Relative Expression Software Tool

* Define target and control experiment
e Determine genes of interest
» Select one or more reference gene

e Determine the strategy for Efficiency correction.
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Relative Expression Software Tool

« REST-384 ©

— 2 groups of samples

— up to 20 data points in each sample and control group
— up to fifteen target genes

— normalization to several housekeeping genes

— calculation of standard error for the final ratio

— Pair Wise Fixed Reallocation Randomisation Test ©
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REST-384 ©

(] Microsoft Excel - rest-384 example xis =]
(] Elle Edit View [Insert Format Took Data Window  Help  Adohe FOF Type aguestionforhelp = - &8 x
5 I g e e ) s e 22 Bl i sl it S B S A
_=i__2\ S B 1, AR, e W i:d| ¥4 Beoly with Changs g H e o N WA Saa S Hﬁ}- E, b @ Saecurity.. |
ide bl ) fF @ |CHAR) H H) 8 S LS
B12 - & ARP-PO
| A | B [ 1] | E | F | G ] H |

1 |Relative Expression Software Tool - 384 = REST-384 © - version 1
2 |Calculation Software for the Relative Expression in real-time PCR |

3 lusing Pair Wise Fixed Reallocation Randomisation Test ©

S

5 [Publications Mucleic Acids Resesrch 2001 Vol 29 () edS R
| 6_|Direct download (miror) Nucleic Acids Research 2001 Yol 28 @) ed5  Nuclsic Acids Research 200

_?_ Direct support htio: frest gene- fication, infe resbi@gene-quantdfication info

| B |© 2001 2.2004 MW, Plafl & G.W. Horgan

|9 |2 2005 MW Pfafl & GV Horgan & Y Vainshiein & P Awvery

10|

1 name of the gene

12| reference gene ARP-PO [ = cells for data and name input

13 | [target gene 1] Nckap1 O »

14 | [target gene 2] AA4TAGO2 O :I- data output

15 | [target gene 3] AAE0937T5 0

16 | [target gene 4] Al448549 00 [ |=cP variations

17 |[ reference gene] Zfp207 ~

18 | [target gene 6] Cald1 1 [ = run randomisation test

19 | [target gene 7] 25.100@1&1?!&]1; -

| 20 | [target gene 8] AT30011LO01Rik | Clear all fislds

21 | [target gene 9] LOC227619 O

22 | [target gene 10] - Actnd O

23 | [target gene 11] E130113K22Rik |

24 | [target gene 12] AAT19T1B O

25 | [target gene 13] -

26 | [target gene 14] O

27 | [target gene 15]

i age

| 23 [reference gene = red

30 [target gene(s) = blue D

31 |general header and settings = dark red

|32 |" Mark gene to use it for calucation of Normalization factor. Repeat randomization test to update expression ratio values if necessary

|;ﬂ4 » W Introduction { POR effidency f  CP input + randomisation test  { CP varlation (several G} { Rel< |
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REST-384 ©
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i va::mugmﬂrmmpmm T cxton for ey = - & x|
F L0 nﬁz e by J i D10 B LN ik ##ﬂ-u-_ﬁ;j
ff;i--'—l-’ o | Ao RS ECE RN AR S AR AR LS AP ) ECRC e, Y H
et Dl | F G -lt..i blano L.
i [ - & =IF[33=TRUE™ rn;l:-JUMT[H"M} R-Jl INDRSORTHEN 2505 (29001 112 +pant | +{R0=3H30227"LI]1 1 P2 +parm 2y 455,77
A [ B [ = W] E F 7 |

i 24

% sample(s) [ reference gene ] [target gene 1] [target gene 2] [target gene 3] [ referenc

] ARP-PO Nckap1 AA4AT4692 ARS5093TS ai

7 |

] n 3 3 3 3

] mean 19,42 27.72 28,89 30,64

=0 standard deviation 0.00 0.04 0.00 0,01

El CV[%] 001 0,14 0.01 0,02

2

3

4 E(target)*CP | 1,114 1,453 1,485 1,718 1,429 1,103

35
| 25 [Normalization Factor ** 1.108

a

38

;)

40 [ reference gene ] [target gene 1] [target gene 2] [target gene 3] [target gene 4] [ reference go
| 41 |[Exression ratio(s): ARP-FO Nckapi AAAT4692 ARASD93TS Al448548 Zfp207
| 42 |Significant (randomization test) up
|| 43 |Target gene is UP-regulated by the factor: 1,311 1,340 1,55 1,289
| 44 |Target gene is DOWN-regulated by the factor:

45 |Absolute gene regulation: 1.31060 1.34029 1.55051 1.28923

45 |Directional gene regulation: 1,31060 1,34029 1,55051 1,28923
| 47 |Standard Error (absolute gene regulation): +0,0467 +0,08923 +0,02545 +0,05384
Il 48
| 42 |2 log jabsolute gene regulation): 0,390 0423 0,633 0,367
| 50 |Standard Error (2 log): 10,0139 +0,02813 +0,01039 +0,01531

51
| 52 |
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Relative Expression Software Tool

« REST-384 © for RotorGene 3000

— 2 groups of samples

— up to 20 data points 1n each sample and control group
— up to fifteen target genes

— normalization to several housekeeping genes

— calculation of standard error for the final ratio

— Pair Wise Fixed Reallocation Randomisation Test ©

— Direct import of RotorGene Efficiencies and Ct
values

{ ]
.........

.' .......
Yevhen Vainshtein, 4/12/2005 European Molecular Biology Laboratory®*s2sese



REST-384 © for RotorGene 3000

1] Microsoft Excel - REST-RotorGene 3000-example xls . (=1 < |
(5] Elle Edit Wew [nsert Format Toolk Data Window Help  Adobe FOF Typeaquestonforhelp - & x
,gﬂgﬂ _J_mlq- -4l Gkl i vd z 12 ziElo | ElEE i 5 o i o) = e Lo Do A
_=j_ rded Do i Ll sl B ) X penl it Changes Epd Banisin M Lo o b m s e e M PR b seauine |20

Asabll M s ) FF e |CHER] 4 B2 8] :

B12 - B Gapdh

[ A | B CE e | E [ F | & H

Relative Expression Software Tool for Rotor Gene 3000 =
REST-RotorGene3000 © - version 1

Calculation Software for the Relative Expression in real-time PCR
using Pair Wise Fixed Reallocation Randomisation Test ©

Publications Mucleic Acide Research 2001 Yol 29 (9) eds  Mucleic Acids Research 2002 Yol 29 (S) 36
Direct download (mirror) Nucleic Acids Research 2000 Yol 29 &) eds ﬂuﬂﬂsﬁﬂﬁ_&s&mmmm

Diirect suppor httpfirest gane-quantific ation. info’ asti@gena-guantification.info
T 20071 & 2004 MW, Plafl & G W. Horgan
I8 2005 MY, Plafl & G.W. Horgan & ¥ Wainshiein & P.Awery

name of the gene

reference gene Gapdh |= cells for data and name input
[target gene 1] Histon Ll »
[ reference gene] MMF -2 M [ ]=dataoutput

[target gene 3] MMP-14 0

[target gene 4] MMF-19 O |:|- CP variations

[target gene 5] TIMP -1 O

[target gene 6] TIMP-2 01 = run randomisation test
[target gene 7] tPA O

[target gene B] uPA O Clear all fields
[target gene 9] uPAR 0

[target gene 10] Angiopoitin 1 O

[target gene 11] Caspase 3 O

[target gene 12] Caspase 6 O

[target gene 13] Caspase 7 |

[target gene 14] Fas ™

[target gene 15] Fas Lig.

(@
q)
L

1

reference gene = red
target gene(s) = blue

_:ﬂ|ta*|5 yislwinrsiiERERER B2 |Ew m%w|m?m\~'w v |-

21 nen ral haadar and sattinns = dark rar %%
o4 Introduction { Rotoe Gene 3000 CP, Effidency  {  CP input + randomisation test / CP variation (several HKG) 4 Regulation [< | oS

®
Ready .
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REST-384 © for RotorGene 3000

] Micrasoft Excel - REST-RotarGene 3000-example xls

!5@&mnmmwmmﬁwmﬁmﬁ

510 zjaec tLElE i

6. V28000 00

Fac P LI 1 W

ey
| T

Ll n|= A Hg!é

i d ] ﬂl VY [T | _._lJ iy Lzl T P E. B
bt bl ] e A el
C55 - i~
A | B 5 | o E F | G ] H

1 |Rotor Gene 3000 CP, Efficiency input -

3 LIL]

3 [Pubbcations ic Acids Rezsarch 201 Vi B ids R gl 29 5 @

A |Direct downdoad [mimor) [ b 22 5 B 2

5 |Direct support e rdification I n if

B po2001 & 2004 MW, Plafl & G'W. Horgan

T R X05 MW Pl & GV Horgan & Y Vainshien & P Asey

]

g3 CP, Efficiency input [ reference gene) [0 [target gene 1] [# [reference gene] [ [target gene 3]
i) Gapdh ] n MPZ

Ril Take Off = Ct  Eff = Amplification Take Off = Ci Ef = Amplification Take Off = C1 Eff = Amplification Take Off = Ci Eff = Amplification
12 Confral 1 204 148 186 1.1 182 1.1 224 172

izl Comral 2 Fry 151 187 17 17a 17 i 174

14 Contrel 3 a2 153 8.2 1.1 174 155 22,1 173

15 Comrol 4 a4 15 1B 1.1 178 1.7 222 17

16 Conirel & a2 15 18,1 1M 174 167 212 167

A7 Control B

18 Control 7

E Condrol B

F. i} Coniral &

2 Control 10

Exl Contral 12

_Ji Contral 14

x5 Caontrol 15
i_Jl Contral 16
|28 Contral 17
Il 22 Control 18

30 Contial 19

an Cantral 30

2 Efficiency 1,454 1,708 1695
| Ex] Standard Enor 0019550504 OO 42538407 002 4606058
| L
|

¥ [ reference gene] [target gene 1] e [reference gene] et gene 3]
36 Gapdh Histam MMP.14
| ES Take 0Nl = Ct_EN = Amplification | Take O = C1_EN = ification Take Ol = Ct_EMl = Amplification Take Ol = C1_E = Amplification
! 38 Sample 1 £k 149 176 17 166 172 20,1 171
| 2] Sainple 2 214 146 18,2 1.1 183 1.72 21,1 185

40 Sample 3 23 149 18,1 172 176 1E7 205 17

a1 Sample 4 ril 15 18 172 16,7 169 205 17 |
% Sﬂﬂlph 5 213 147 165 157 183 172 219 1.7 wl

sady

Mo« b W Infroduction ) Rotor Gene 3000 CP, Efficency { CF inpUt + randomesation test{ CF waristion (severa 0] / Requiaton Fot [
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Relative Expression Software Tool

« REST-384 © for multiple conditions

— up to fifteen target genes
— normalization to several housekeeping genes

— calculation of standard error for the final ratio

— 7 groups of samples (1 reference condition and 6
different test conditions)

— up to 10 data points 1n each sample and control group

— Pair Wise Fixed Reallocation Randomisation Test ©
for each combination of reference and test condition
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REST-384 © for multiple conditions

& Microsoft Excel - rest-384-multiple-example2.xls L&
@_]Ella Edit View Insert Format Tools Data  Window  Help  Adobe POF aquestionforhelp - - & x

) G e !['_||q. S al e B ana x12 -|[B|z g l]:il J@% ! tﬁﬁl##l SRR T

HIG Tt T 60 KLY | WY RTINS WA SRR gl M o L Bize Bis e seoxiy. |
daghl| N ol WRL S BLS 8
B31 - B hemin
A | B B | E | F | G 1 H
Relative Expression Software Tool - Multiple Condition Solver = REST-
1 MCS © - version 1
2 |Calculation Software for the Relative Expression in real-time PCR
3 |lusing Pair Wise Fixed Reallocation Randomisation Test ©®
ES
& |Publications Pucleic Acids Research 2001 Vol 29 (3) ed5  Nucleic Acids Research 2002 ol 29 (9] e36
| 6 |Direct download (miror)  Mugleic Acids Research 2001 Yol 29 @) ed5  |Mucleic Acids Research 2002 Vol 29 (3) e36
_7_|Direct suppor hitp.firest gene-quantification. infof restEgene-quantification. info
B 22001 £2004 MW. Plafl & G.W. Horgan
%@ 2005 M.V Pfafll & G.WW. Horgan & Y. Vainshiein & P.Awary
19 | name of the gene
12 | reference gene hbetaactin | |= cells for data and name input
13 | [target gene 1] hCcDC14a-A I o»
14 | [target gene 2] hTFR1 r i:l- data output
15 | [target gene 3] r
iE_ [target gene 4] r :l- CP variations
17 | [target gene 5] r
18 | [target gene 6] r _= run randemisation test
19 | [target gene 7] r
20 | [target gene 8] r Clear all fields [
21 | [target gene 9] r
2
23 reference gene = rad
24 [target gene(s) = blue
25 |general header and settings = dark red
|6 |* Mark gene to use it for calucation of Nermalization factor. Repeat randomization test to update expression ratio values if necessary
x
-2'5 name of the :nndiﬂar‘i ] |
29 |Reference Condition control 'ﬂ rj a 1
30 |Condition | DFO A WA W
| 31 |Condition I hemin s
| 32 |Condition Il
33 |Cendition IV

=
-

» il Introduction / PCR effidency /  CP input + randomisation test /. CP variation (several KG) { Ref< |

£
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REST-384 © for multiple conditions

|l'@ Microsoft Excel - rest=384-multiple xis =Jokd|

3] ple Edt vew Iwert Fomat Took Date Widow el Adobe FOF peaquestonforhep ~_ & x|

5;_.1_&_Jdﬁ-£mﬂ? -;Elﬂ‘ﬁu.;lmal 210 x| B - oUWy g GRS AH

il il 2L rereot it chsnee End Seven il i 3e S el ) Gl 2= e 0 L ) R Lk 8 Seauity | M S | ﬁ

lgeal a0 ol = e o ,

| car - 5 .

— A [ B & T 2 b [ E . F [ &I

| I Variation data output - calculation based on group means

| EN Publicatians Nucieic Acids Research 2001 Yol 29 () ed5 Nucisic Azids Research 2002 Vol 29 () 536 %

| W Direct download (mirmas) Nucleic Acids Resaarch 2001 Yol 29 &) a45 Mucleic Acids Research 2002 Vol 29 (3) o35

i 5| Direct support hip Mrest geng-guantiication info/ res i gene-quanification. info

1|56 | © 2001 & 2004 MW. Plafl & GW. Horgan

| 7| 22005 MW, Plafl & GW. Horgan & ¥ Vainshiein & P Avery

[ &

B

(| 1o} Efficiency 2,040 1,840 1970 2,000 2,000

f| 11| Standard Error +0,25438 013727 +0,42078

| P

| EE1

(114 contral [ reference gene ] [target gene 1] [target gene 2] [target gene 3] [target gene «

| B control hbetaactin hCDC14a-A hTFR1

1 15 O g W] | O

i 85 | DFO Exression ratio(s): i UP UP [

| Target gene is UP-regulated by the factor: 4,650 4048 I

(157 | Target gene is DOWN-regulated by the factor:

1) Absolute gene regulation: 4 650 4048

fle3| Standard Error; 077632 +1,52194

| 90

, 91 2 log (absolute gene regulation): 2217 207

(192 2 log (standard error): 0, 37018 00,7584

a3

Elq ]

{951 [ refarence gene ] [target gene 1] [target gene 2] [target gene 3] [target gene «

!E. Condition Il hbetaactin hCDC14a-A hTFR1

; gﬂ hemin Exression ratio(s): | uP

| ED Target gene is UP-regulated by the factor: 1,316

[153] Target gene is DOWN-regulated by the factor: -3,400

(1100| Absolute gene regulation: 1,316 0,294

{1101] Standard Error: #0,05043 +0,13341 [

él‘!mi v wh Irtreduction { PCR afficiency { CP ingast + randorrisation test )\ CP variation (several HKG) . Regulation plot / 3 =1

| Rmady R

= .:
%
s
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Thanks!

EMBL, Heidelberg REST Team

Matthias Hentze Michael Pfaffl
Martina Muckenthaler Graham Horgan
Mayka Sanchez Peter Avery

Vladimir Benes
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REST error calculating using Taylor’s series

by Peter J. Avery, University of Newcastle, Mathematics and Statistics

calculated expression ratio = ¢

calculated variation is dependent of 6 different SEs [ 2 x SE(Eff.); 4 x SE(mean CP) ]
SE (Ratio by REST) = around 20-30%

i~ - CP'H‘U cont CP arg.tes 7 -
S.E.(QD) _ @{( rarg, fn rarg,test ) SfEQ (E““_g)

2

rarg

"

(CP'{’ cont CP'{-‘ Lles )— \ -
n ref, Hn ref test LSEZ(E;,(,I-)

2

ref

) (SE”(CP,
+ (log, E,,, )" (SE*(CP

ref ,cont

+ (loge E g.cont ) + “SE : (CR arg,fest ))

) + SEz (CP'(_)I',I(-{\-I ))}Oq

!

ar
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