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Abstract

REST (Relative Expression Software Tool) 2008 is a standalone software tool to estimate
up and down regulation for gene expression studies. The software addresses issues
surrounding the measurement of uncertainty in expression ratios by using randomization
and boot strapping techniques. By increasing the number of iterations from 2,000 to
50,000, hypothesis tests achieve a level of consistency on par with traditional statistical
tests. New confidence intervals for expression levels also allow scientists to measure not
only statistical significance of deviations, but also their likely magnitude, even in the
presence of outliers. Graphical output of the data via a whisker box-plots provide a
visual representation of variation for each gene that highlights potential issues such as a
distribution skew.

Why REST?

Prior to REST [1]. relative quantitation in gPCR was a technique which allowed the
estimation of gene expression. While useful, it did not provide statistical information
suitable for comparing groups of freated versus untreated samples in a robust manner.

To illustrate with an example, let us say we are testing to see if a particular mRNA is
responsible for sending pain messages. We split up our patients into 2 groups; one which
will be subjected to pain (such as immersion of the hand into ice water), and the other,
which is our control group. Following this, we measure the quantities of targeted mRNA
in both groups, relative to reference genes. Our question is: did the group subjected to
pain release more mMRNA than the control group?

Prior approaches are unable to properly answer this question. They may calculate an
average expression value indicating whether a particular subject in one group
appeared to release more or less target mMRNA than another subject, but without any
statistical test to determine accuracy. Due to the use of ratios in gene expression, it
becomes very complex to perform traditional statistical analysis as ratio distributions do
not have a standard deviation. REST 2008 overcomes these problems by using simple
statistical randomization tests. Such tests may appear counter-intuitive and so it is
recommended to read the discussions on randomization techniques in the  ‘Links’
before continuing.

Note

Throughout the use of this software and manual the terms Cr (Cycle Threshold) and CP
(Crossing Point) are interchangeable.

©2008 Corbett Research Pty Ltd and Michael W. Pfaffl
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New for 2008

REST RGMode (See page 16)

A new method of input has been infroduced, allowing users to copy and paste
results from the Rotor-Gene software's Comparative Quantitation analysis. This is
an alternative to importing standard curve and Cr results.

Whisker-Box Plots Exportable
Whisker-Box plots can now be exported by right-clicking on the graph.

Improved Randomisation
Improvements to the randomisation algorithms have been made, making
confidence intervals much fighter, and p-values more accurate.

Handling of standard curve variation

REST 2008 no longer takes into account the variation of the standard curve, due
to a bug which caused unnecessary widening of confidence intervals and p-
values. In previous version the software would randomly pick two points from the
standard curve, and calculate an efficiency based on that. However there is a
situation when two points are chosen that lie close to each other on the
standard curve, this can cause a bogus efficiency which adds unnecessary
outliers to the random distribution. We now calculate the efficiency by
determining the line of best fit for the standard curve, this efficiency is used
through the randomisation process.

©2008 Corbett Research Pty Ltd and Michael W. Pfaffl
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Reference Gene Normalisation

REST 2008 is more comprehensive than prior techniques as it fakes into consideration
multiple reference genes when determining expression. When estimating a sample’s
expression ratio, an intermediate absolute concentration value is calculated according
to the following formula:

Concentration = efficiencyavglcontrols)-avg(samples)

This formula is used to obtain mean estimates of the uncorrected absolute
concentration for each gene. For a single reference gene, the gene of interest’s
concentration is divided by the reference gene value to obtain an expression level, as
is done in the Two Standard Curve technique:

Expression = GOIConcentration + REF concentration

For multiple reference genes, the geometric mean is taken of all the gene
concentrations, since concentration estimates vary exponentially*:

Expression = GOIConcentration + GEOMEAN (REFConci, REFConcs,...)

Another way to think of normalization to multiple reference genes is that the individual
expressions calculated relative to each reference gene represent alternative
approximations of the frue expression values. To take all into account simultaneously,
they are averaged using the geometric mean (since ratios are being used):

Expression = GEOMEAN(GOIConcentration + REFConci, GOIConcentration +
REFConca,...)

Since the mean concentrations of each gene do not change, they can be calculated
at the beginning of the algorithm and expressed as a single value, called the
‘normalisation factor’, equal to their geometric mean.[2]

* Errors in calculation of concentration occur due to linear variation in Cr values.
Estimates of concentration use an equation of the form ¢ = A*e°" (Where A%eis the
efficiency), and so vary exponentially.

Expression Level Confidence Intervals

Previous versions of REST provide a means of determining the mean output and a P
value for the likelihood of up or down regulation using a hypothesis test. Bootstrapping
techniques [3] can be used to provide 95% confidence intervals for expression ratios,
without normality or symmetrical distribution assumptions. While a hypothesis test
provides a measure of whether there was a statistically significant result, the confidence

©2008 Corbett Research Pty Ltd and Michael W. Pfaffl
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interval provides a range that can be checked for semantic significance. For example:
Drinking cough medicine before driving may increase the chances of an accident by 1
x 10¢ %. While a statistical test may show the difference to be significant, it clearly poses
no real threat to drivers,, when taking into account the average number of accidents a
driver has in their lifefime.

Procedure

We are given a set of conftrol (Ccol) and sample (Scor) Cr values for the gene of interest
and similarly a set of controls (Crer) and sample (Szer) for the reference gene. We are
also given an efficiency value (ecal) for the gene of interest (GOI) and a efficiency
value (erer) for the reference gene.

Let X be the random variable indicating the expression ratio of individual samples for
the gene of interest.

Let Y be a list of simulated readings from X.

Let n be the size of Y, preferably a large value (>2000).

Let choose() be a function that returns a random element from a set.

Let count() be a function that returns the number of elements in a set.

We populate Y by randomly pairing controls and samples from the GOl and the
reference gene (REF), and calculating their expression ratio:

ie{l,... n}

j =choose({1, ..., count(Ccol)})
k = choose({l, ..., count(Scoi)})

We assume count(Ccoi) = count(Crer) and count(Scoi) = count(Srer), since every
GOI Cr must have a corresponding REF Cr.

Coor i =Sor

}x iy E;;ru
P i R
REF . f TOREF

E?R."'.."'

where Yiis a single element in the set of Y.

To determine confidence intervals, sort the population Y into increasing order:

Ysorted = SOI’T(Y)

The 95% confidence interval is defined as:

©2008 Corbett Research Pty Ltd and Michael W. Pfaffl
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a=0.05

MiN = Ysorted, nx (a/2)
MAX = Ysorted, nx (1-o/ 2)

http://rest.gene-quantification.info/

Other confidence intervals can be obtained by varying a. The median of the set
provides an alternative measurement of the expression ratio given by working with
mean control and sample values:

median = Ysorted, 0.5x n

Example

Say we are given the following samples, with IGF-1 our gene of interest, and GAPDH the
reference gene.

Gene of Interest is IGF-1
Reference Gene is GAPDH

Efficiency = 1.01
RefEfficiency = 0.97

Index| GAPDH Control (GC) | GAPDH Sample (GS) |IGF -1 Control (IC) | IGF Sample (IS)
1 26.74 26.77 27.57 24.54
2 26.85 26.47 27.61 24.95
3 26.83 27.03 27.82 24.57
4 26.68 26.92 27.12 24.63
5 27.39 26.97 27.76 24.66
) 27.03 26.97 27.74 24.89
7 26.78 26.07 26 .91 24.71
8 27.32 26.3 27.49 24.9
? 26.14 24.26
10 26.81 24.44

Randomising for a small n=10, produces the following Y:

o

0O —= =0 —0W—=NNOo
SN MNNNOE—DNO =X

REFc GOlc REFs

27.03 27.74 26.8]1
26.78 2691 26.3

26.74 27.57 26.47
2683 27.82 26.77
27.03 27.74 26.97
26.74 27.57 26.07
27.03 27.74 26.47
26.74 27.57 26.47
26.74 27.57 26.47
27.32 27.49 26.97

GOIs  Expression

24.44  8.625105575
24.9 2.938192778
2495 5.186421266
24.54  9.480147506
2489  7.021676066
2471  4.675718457
2495 4.797510275
2495 5.186421266
2495 5.186421266
2489  4.844473339

©2008 Corbett Research Pty Ltd and Michael W. Pfaffl
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Sorting yields Ysorted :

Expression

2.938192778
4.675718457
4.797510275
4.844473339
5.186421266
5.186421266
5.186421266
7.021676066
8.625105575
9.480147506

To obtain a 68% confidence interval (a = 0.32), equivalent to ONE standard error
interval, we examine the readings at indices 1 (~=(a/2) * (10-1)) and 8 (~=(1-a/2) * (10-

1).
confidencessz = [4.675718457, 8.625105575]

For a 95% confidence interval (a = 0.05), equivalent to TWO standard error intervals, we
examine the readings at indices 0 (~=(a/2) * (10-1)) and 9 (~=(1-a/2) * (10-1)).

confidencessz = [2.938192778, 9.480147506]
p<0.05

With the small example, the 99.7% confidence interval (a = 0.0027) leads to the same
indices 0 and 9 due to a lack of data points, leading to an identical confidence
interval:

confidencess % = [2.938192778, 9.480147506]
p<0.0027

The median is calculated as the 5™ position:

median = 5.186421266

NB: While the median of even sets is traditionally taken as the average of the middle
fwo positions, this infroduces assumptions of normality on the underlying distribution.
Theoretical objections can be sidestepped by always using sets that provide critical
points (a= 0.5, a=0.05 a=0.95) at integral indices. The issue does not have a practical
bearing on results, since variation between adjacent values is dominated by the effects
of randomisation.

©2008 Corbett Research Pty Ltd and Michael W. Pfaffl
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Validation of the Number of Randomisations Used

A sample data tested on a larger randomisation value (n=10000) gives the following
values:

confidencesss = [4.121081159, 8.62510557506084]
confidencesss = [2.9840236231636, 9.98446532616807]
median = 5.95072937164207

There was insufficient data to reliably calculate a 99.7% confidence interval.
For the same data set, REST calculated comparable values:

Expression = 5.927
Confidence 95% = [2.983, 9.996]
Sample up-regulated = YES (p = 0.000)

As all values in the 95% confidence interval were greater than 1, the interval is
consistent with the REST P value of 0.000. The median is slightly inaccurate relative to the
calculated expression, due to problems of resolution caused by permutation over a set
of fixed values. While the median should therefore not be used to determine the mean
expression value, it provides a useful cross-check of the confidence interval, as it is
generated from the same data set. The 68% confidence interval covers roughly the
same area as the standard error, but still retains a valid meaning when expanded to
95%, whereas traditional statistical methods of estimating standard error fall into
negative values.

Hypothesis Test

The purpose of REST 2008 is to determine whether there is significant difference between
samples and controls, while taking info account issues of reaction efficiency and
reference gene normalisation. Because the normalization and efficiency calculations
involve ratios and multiple sources of error, it would be extremely difficult to devise a
traditional statistical test, so randomization techniques are employed.

The hypothesis test P(H1) indicated in the results table, represents the probability of the
alternate hypothesis that the difference between the sample and control groups is due
only to chance. To devise a strong randomization test, we use the following
randomization scenario: “if any perceived variation between samples and confrols is
due only to chance, then we could randomly swap values between the 2 groups and
not see any greater difference than what we see between the initial groups.”

©2008 Corbett Research Pty Ltd and Michael W. Pfaffl
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The hypothesis test performs 50,000 random reallocations of samples and controls
between the groups, and counts the number of fimes the relative expression on the
randomly assigned group is greater than the sample data.

Whisker-Box Plots

In statistical applications whisker-box plots provide additional information about the
skew of the data distributions that would not be available simply by plotting the sample
mean. See Link (5) for further information about whisker-box plots.

To summarise, the box area in a whisker-box plot encompasses 50% of all observations,
the dotted line represents the sample median and the whisker represent the outer 50%
of observations as shown:

Top Whisker

Upper 25% of Observations

Median

Box / Inter-Quartile Range

Middle 50% of Observations

Bottom Whisker

Lower 25% of Observations

If the sample data is skewed or non-linear the tails of the data may be asymmetrical.

Because REST uses randomization techniques, it draws whicker-box plots based upon
the permutated expression data (Y set) rather than the raw Cr values input by the user.

Because expression level values are ratios they will often have lopsided ratios, with
greater variability on the upper tail. As ratio populations can be unpredictable, and
subject to large and unseen variability, this visualization draws out characteristics of
gene expression data that may otherwise go unnoticed.

©2008 Corbett Research Pty Ltd and Michael W. Pfaffl
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User Guide

1. New format software e s e ]
makes data input [
. . Reaction Eff
easier. By using the i
Odd bU-H-on O-I- -I-he Std. CP]  Std. Concentralion

bottom of the window
new genes can be
added.

@  Add| @ Remove

(2 corbett T

Standard Mode

2. Once a new gene has B small - REST 2008 ¥2.0.5 CER
. File Mode Hel
. Bene Setup | Gene Data | Resus | Graph | Notes |
been added to the list, Faey Vil ot GAFDH
. . [EEE | M Refeence
use the right window to -
™ Use Caleulated Reaction Efficiency Calculated Reaction Efficiency: MA&

input the reaction
efficiency of the data.
Check the box if the
gene is to be used as a
reference. Input a
reaction efficiency

Std. CP Std. Concenbration

calculated © | © rown|
independently of (2 corbett T“Lm
REST2008 for example
Rotor-Gene 6000 software, Quantitation Analysis.
3. Or provide the Bl smll_RiST 2008 20.5 EEE
CP(Crossing Point), v e |
calculated as the Cr — iy —
(Cycle Threshold) in the e Catod ecton licensy  Cauted oo ffncy - 0.962
Rotor-Gene 6000 —r R
sofftware and
concentrations of a — b
standard curve to as |
enable REST 2008 to
calculate the reaction & wioE
efficiency for that (7> corbett m
gene. The reaction e

efficiency does not
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need to be performed every run, however the REST analysis fool does account
for differences in reaction efficiency and therefore it must be determined for
each gene product.

Bl small - REST 2008 ¥2.0.5
File Mode Help

4. Move fo the ‘Gene e

Contioks Untrected:

Data’ tab and enter the

CP(C+) of the samples 23
into the appropriate B ze
column. The controls N

Samples (Treated]

(untreated) should be
at the top. Samples
(treated) should be
entered in the bottom [ ]

window. 2 corbett T

| Standard Mode

Bd small - REST 2008 v2.0.5
File Mode Help
Bene Seup | Gene Data | Rssult | Graph | Notes |

fenes —Values for Ubigutin
GAPDH I Reference
IGF-1
Fi tion EXfi
5. Enter the data for all the Sl
I™ Use Caleulated Reaction Efficiency Calculated Reaction Efficiency
genes which is being T T
— 1

analysed.

Qo] [D Femeve]

Ci2corbett WM

| Standard Mode

=y

B small - REST 2008 V2.0.5
File Mode Help
GeneSotup Gene Data | Risults | Graph | Notes |

Nalues
Controls (Untreated)
GAPDH | IGF1

1 20.34] 31.33
6. Enterthe CP(Ci)intothe [ 5 & a2
table with N

corresponding samples

S amples (Treated)

in the same rows. ST [

1 22.89] 300
2 2234 3002,
2 29 3002

| 4 | 2198 2m
5 21.83 2933

6 | 2149 23
7 2307 3034
g 22.22 eikel] B

Ci2corbett

| Standard Mode.
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7. Add as many genes as
required.

8. Enter the CP(Cq) for all
the genes listed.

Move to the ‘Results’
Tab and the generated
relative expression result
will be displayed. The
number of
randomizations or
iterations is shown at the
top and can be
increased to >50,000.

B small - REST 2008 v2.0.5
File Mode Help
Gene Setup | Gene Data | Rssuls | Graph | Notes |

http://rest.gene-quantification.info/

©  bdd| @ Remove|

Genes ~Vialues for GAPDH
W Reference
IGF1
Ubiqutin Reaction Efficiency : [057
i E;ém [ Use Calculated Reaction Efficiency  Calculsted Reaction Efficiency : N/A
betaActin

(12 corbett

0

B small - REST 2008 ¥2.0.5
File Mods Hep

GeneSotp GeneData | Results | Grah | Notes |

Wales
Contrals (Untreated):
GAPDH | IGF1 Ubiguin | IGF2 | IGFREC | beteéctin
1 2034 3133 21.99 B12 3486 B5
2 | 2056 3 2234 354 3469 269
3 2122 2992 2291 3352 3421 230
4 233 Bl 21.98 B4 7 281
5 2298 0 2283 £+ B0 23
& | 234 3098 2267 197 3349 2056
7 | 20 323 2269 3434 3486 0
] 2215 3356 25 197 3459 07
Samples (Treated):
GAPDH | IGF1 Ubiqutin | IGF2 | IGF-RECT | betashctin
1 2z 3001 2198 3466 B12
2234 002 2205 3469 54
29 002 2269 3421 352
2198 2301 230 3466 B41
5 2183 2933 2188 3469 B2
5 2149 2935 2201 47 9
7 | 2307 034 2056 37 9
e | 222 1031 2099 507 B3

(i2corbett

LIFE SCIENCE

ol

Bl small - REST 2008 V2.0.5

Fle Mode Help
Giene Setup | Gens Data Results | Graph | Notes |

Relative Expression Results

Parameter Value

Iterations: 2000

Gene Type Reaction Efficiency  Expression Std. Emor 95% C.1 P(H1) Result
GAPDH REF 097 1.000

IGF-1 TRG 10 4464 1.494-12.453 0918-19529 0.000 UP
Ubigutin TRG 10 1.904 0626 -5.166 0.323-14851 0.070
IGF-2 TRG 10 1.094 0.280-4.269 0107 -17.484 0.842
IGF-RECT TRG 1.0 233 0.E01 -8.795 0.244 - 20,202 0.058
betadctin TRG 1.0 2354 0.243- 4656 0097 - 31.104.807 0622
Interpretation

IGF-1 is UP-requlated in sample group [in comparison ta control group) by a mean factor of 4464 [S.E. range is 1.494 - 12 453)

IGF-1 sample group is different ta control group. PIH1}=0.000

Ubigutin sample: group is not different to control group. PH1)=0.070

| Standard Mode

(2 corbett

LLIFE SCIENCE

[0
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E Untitled Document - REST 2008 ¥2.0.5

10. To increase the number [l e

Hew ala] Hesulls] Glaph] Notes ]
. . Open... i
of randomizations use .
Save As... JUCICIERzE
The ¢ Flle ’ O nd Re.purt... T Reaction Efficiency :
¢ Opﬁons 3 :::E l‘::i I™ Use Calculated Reaction Efficiency Caleulate

LB

\r\ L L W T, W

e SIS .m,\“_-,/ e

11. The number of

randomizations can be
. Ma. af randomizations : Izand 5:
increased for large data

sets, however increasing
can substantially slow
the output of the software.

B small - REST 2008 ¥2.0.5 Ex
File Mode Help

Gene Setup | Gene Data| Resubs Bragh | Nates |

12.The ‘Graph’ tab
illustrates the relative
expression results data =
in whisker-box plots. g e .

Relative Expression

IGFA Uiqutin 1GF-2 IGF-REC1 beta-Actin
Gene

G2 corbett U

| Standard Mode

E;mau REST 2008 V2.0.5 - [B]x]

Gene Sempl Gene Data | Results | Graph  Notes

‘|3 The ‘Nofes’ TOb Enter sy rotes for the sxperinent in the box below. Ary information entered wil be displsyed in reports
enable any freehand
notes to be made
about the results, data
or source.

(2 corbett ]

| standard Made
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REST RG-Mode

http://rest.gene-quantification.info/

With this latest release of REST 2008 we have included a special “RGMode"” which
facilitates the use of the REST with data generated from the comparative quantitation
analysis fool within the Rotor-Gene software.

1. Inthe Mode menu
change to “REST RG™

2. The Format of the
screen will change and
RGMode will appearin
the bottom left of the
window.

3. Add anew gene as
described for the
standard mode.

led Document - REST 2008 ¥2.0.5

Gen w REST Standard Esults' Graph | Motes I /

—Waluzs for GAPDH

[~ Reterence

Reaction Efficiency ; I

™ sz Caloulated Hesction Efficiency Calculated Fieaction |

1
{
£
~ . .._" 9 %p';,.s»mmﬁaw:a;j H‘\_.&«M.\_\-r //

Ed Untitled Document - REST 2008 V2.0.5

Fie' Mode Help
Gene Setup | Results | Graph | Notss |
Fenes ~Walues

™ Reference

Fleaction Efficiency

Controls [Untreated)
Take Off Ampliication

Lk |
o

3

e

5
EEE

Samples Treated):

Take Off Ampliication

i
2
3

=L
5

Q s @ Pemove|

G2 corbett UM

| RG Mode

B Untitled Document - REST 2008 V2.0.5

File Mode Help
Gene Setup | Results | Graph | Notes |
Genes: I Walues for New Gene:

e

I” Reference

Fleaction Efficiency

Cantrols [Unireated)

Take OF Ampllication
1 ]
2
%
|
5
6 =

Samples (Treated):

Take Off Ampliication
1 ]
2
3
.
i
e

(o corbett mm

Q s @ Pemove|

| RG Mode
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B Untitled Document - REST 2008 V2.0.5
Flz Mode Help
Gene Setup | Resuts | Graph | Notes |
e ~Valuss for GAPDH:
GAPDH

[V Reference

4. Enter the data from the e m—
Comparative "l
Quantitation analysis i o
fool. o - -

Sampks [Tleatm
Toe Off Amplfication
1 | IEE| 200
z 162 2m
Ea 162 207
[+ | 181 204
181 216
| & 161 216

/ (72 corpett mm

Cor.
1.0E +00 Calbrator

1.00E-00 2 3 1.048400
107600
1.076-00 161 21 107400
107600
133600 13400
133600

Procedure

The REST-RG algorithm is almost identical to the standard algorithm however there are
some differences in how it uses these new inputs.

The standard REST algorithm takes in two inputs, Efficiency, and Crs.
Efficiency =-1+m
where m is the gradient calculated from the standard curves line of best fit.
or alternatively
Efficiency = User inputted efficiency
where the user enters a specific efficiency to be used.

Crs = set of Crvalues for all samples.

©2008 Corbett Research Pty Ltd and Michael W. Pfaffl
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The standard algorithm uses Efficiency and Crs to calculate P-values , and to calculate
confidence intervals.

When we use REST-RG mode exactly the same algorithms are used however
Efficiency = average(Amplification) - 1

Crs = Take Off

The average amplification of all genes is calculated, and used as the input to the
algorithm.

Note: Minus 1 is included since Amplification lies on a scale from [1- 2] whereas
Efficiency lies on a scale of [0-1].

In addition the Take Off values are substituted in place of the Cis, and used in the
randomisation algorithm.
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Links

This reference explains the development of the original REST methodology

(1) Relative expression software tool (REST) for group-wise comparison and statistical
analysis of relative expression results in real-fime PCR

Michael W. Pfaffl, Graham W. Horgan and Leo Dempfle
http://rest.gene-quantification.info

(2) This reference provides a good introduction to the philosophy of randomised tests:
http://ordination.okstate.edu/permute.htm

(3) This reference provides an online interactive example of the test:
http://www.bioss.ac.uk/smart/unix/mrandt/slides/frames.htm

(4) This reference provides more detailed descriptions on how to carry out traditional
tests, such as determination of confidence intervals and hypothesis testing using
bootstrapping and randomisation:
http://www.uvm.edu/~dhowell/StatPages/Resampling/Resampling.html

(5) A description of Whisker-Box Plots:
http://regentsprep.org/Regents/math/data/boxwhisk.ntm

Contact Information

Obtain software updates to REST 2008 here:
http://rest.gene-quantification.info/

If you have further questions or comments to improve the software, your suggestion are
always welcome. Please contact us at this address:
rest-2008@gene-quantification.info

Corbett Life Science Pty Ltd:
http://www.corbettlifescience.com/
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