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Product Use Limitations 
The Rotor-Gene ScreenClust HRM Software is designed to be used to process 
High Resolution Melt (HRM) data files generated on the Rotor-Gene Q 
instrument.* Its purpose is to allow for automated calling of genotypes for 
supervised and unsupervised data sets. Statistical measures for each sample are 
also provided.  

The Rotor-Gene ScreenClust HRM Software is intended for molecular biology 
applications. This software is neither intended for the diagnosis, prevention, or 
treatment of a disease, nor has it been validated for such use either alone or in 
combination with other products. Therefore, the performance characteristics of 
the product for clinical use (i.e., diagnostic, prognostic, therapeutic, of blood 
banking) are unknown. 

The Rotor-Gene ScreenClust HRM Software can analyze data sets generated by 
the Rotor-Gene Q system only.*   

The Rotor-Gene ScreenClust HRM Software is intended for use by professional 
users, such as technicians and scientists trained in molecular biological 
techniques and the operation of the Rotor-Gene Q system.  

Product Warranty and Satisfaction Guarantee 
QIAGEN guarantees the performance of all products in the manner described 
in our product literature. The purchaser must determine the suitability of the 
product for its particular use. Should any product fail to perform satisfactorily 
due to any reason other than misuse, QIAGEN will replace it free of charge or 
refund the purchase price. We reserve the right to change, alter, or modify any 
product to enhance its performance and design. If a QIAGEN product does not 
meet your expectations, simply call your local Technical Service Department or 
distributor. We will credit your account or exchange the product — as you wish. 
Separate conditions apply to QIAGEN scientific instruments, service products, 
and to products shipped on dry ice. Please inquire for more information. 

A copy of QIAGEN terms and conditions can be obtained on request, and is 
also provided on the back of our invoices. If you have questions about product 
specifications or performance, please call QIAGEN Technical Services or your 
local distributor (see back cover or visit www.qiagen.com). 

Technical Assistance 
At QIAGEN, we pride ourselves on the quality and availability of our technical 
support. Our Technical Service Departments are staffed by experienced 
scientists with extensive practical and theoretical expertise in sample and assay 
 
* Compatible also with Rotor-Gene 6000 instruments using Rotor-Gene Software version 1.7 

and higher. 
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technologies and the use of QIAGEN products. If you have any questions or 
experience any difficulties regarding Rotor-Gene ScreenClust HRM Software or 
QIAGEN products in general, please do not hesitate to contact us. 

QIAGEN customers are a major source of information regarding advanced or 
specialized uses of our products. This information is helpful to other scientists as 
well as to the researchers at QIAGEN. We therefore encourage you to contact 
us if you have any suggestions about product performance or new applications 
and techniques. 

For technical assistance and more information, please see our Technical 
Support Center at www.qiagen.com/Support or call one of the QIAGEN 
Technical Service Departments or local distributors (see back cover or visit 
www.qiagen.com). 
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Introduction 

About this user guide 
This user guide provides information about the functions and features of Rotor-
Gene ScreenClust HRM Software. Please refer to the Rotor-Gene Q User Manual 
for complete information about the proper care, maintenance, and use of the 
Rotor-Gene Q cycler. 

Information about Rotor-Gene ScreenClust HRM Software is provided in the 
following sections: 

 Introduction 

 Rotor-Gene ScreenClust HRM Software 

 Installing Rotor-Gene ScreenClust HRM Software 

 Using Rotor-Gene ScreenClust HRM Software 

 Troubleshooting Guide 

 Appendix: Steps in Data Analysis 

 References 
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Rotor-Gene ScreenClust HRM Software 
Rotor-Gene ScreenClust HRM Software is a powerful tool for analysis of high-
resolution melting (HRM) data from the Rotor-Gene Q or Rotor-Gene 6000 
cyclers. By grouping samples into clusters based on their dissociation (melting) 
curve characteristics, Rotor-Gene ScreenClust HRM Software enables 
applications such as genotyping and mutation scanning. The number of clusters 
can either be defined by the user, if they have known controls for each 
genotype (supervised mode) or the software can aid the user in determining the 
number of clusters in a sample set (unsupervised mode). 

Rotor-Gene ScreenClust HRM Software provides:  

 Innovative mathematical approach to HRM analysis 

 Highly accurate identification of genotypes in supervised mode 

 Automatic detection of new mutations in unsupervised mode 

 Robust statistics for classifying and interpreting HRM data 

 Minimal effort and standardized processes for data interpretation  

Steps in data analysis 
HRM analysis on a Rotor-Gene cycler produces raw data that can be further 
analyzed using Rotor-Gene ScreenClust HRM Software. Rotor-Gene ScreenClust 
HRM Software analyzes HRM data in 4 steps (see below and Figure 1 for brief 
description, see page 39 for more detail). 

1. Normalization 
2. Generation of a residual plot 
3. Principal component analysis 
4. Clustering 
HRM curves can have different starting points, therefore the scale of each melt 
is different (Figure 1A). Rotor-Gene ScreenClust HRM Software only compares 
samples that are on the same scale, which is achieved by normalization. Raw 
data are normalized by applying curve scaling to a line of best fit so that the 
highest fluorescence value is equal to 100 and the lowest is equal to zero 
(Figure 1B). Next, the curves are differentiated and a composite median curve is 
constructed using the median fluorescence of all samples. The melt traces for 
each sample are subtracted from this composite median curve to draw a 
residual plot (Figure 1C). Consecutively, the individual sample characteristics 
are extracted by principal component analysis from the residual plot. Principal 
component analysis is a well-established method of data analysis. However, 
Rotor-Gene ScreenClust HRM Software is the first software application to apply 
principal component analysis to HRM data. Principal component analysis 
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highlights similarities and differences in the data and is used to create a cluster 
plot (Figure 1D). 

 
Figure 1. Powerful data analysis enables identification of a class IV SNP. A human A/T 
SNP in the AHRR gene was analyzed using genomic DNA from wild-type, homozygous mutant, 
and heterozygous samples. Experiments were performed using the Type-it® HRM PCR Kit and 
a Rotor-Gene Q cycler with a HRM channel. Data analysis was performed with the 
unsupervised mode of Rotor-Gene ScreenClust HRM Software. A/T polymorphisms (class IV 
SNPs) are most difficult to discriminate due to minute differences between homozygote alleles 
(in this example, less than 0.1°C). A HRM raw data, B the normalized melting curve, C the 
residual plot, and D the cluster plot are shown. All pseudo-unknowns were correctly clustered 
according to genotype. 

Rotor-Gene ScreenClust HRM Software performs clustering (grouping) of data 
according to allele in either supervised or unsupervised mode. Supervised mode 
is often used for SNP genotyping, where the genotypes are known. In 
supervised mode, the user assigns one or more control samples for each cluster 
and the software classifies (autocalls) all unknown samples to clusters according 
to their characteristics. 

The unsupervised mode is used when there is no or only partial prior 
knowledge of the genotypes present in the samples. In unsupervised mode, the 
software calculates the optimal number of clusters by itself. This feature is an 
excellent tool for the discovery of new polymorphisms. 

In addition to the easy-to-interpret cluster plot, Rotor-Gene ScreenClust HRM 
Software provides statistical probabilities and typicalities in a results table to 
allow easy comparison of results from different experiments. 
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The software guides the user through all the steps, giving information about any 
choices that can be made at each step. Each step is described in more detail in 
the Appendix (page 39). For more information on the applied statistical 
methods, refer to the references on page 46.   

Rotor-Gene operating software and Rotor-Gene 
ScreenClust HRM Software 
Rotor-Gene operating software is supplied with the Rotor-Gene cycler. The 
Rotor-Gene operating software is involved in the running of the cycler and also 
includes a basic HRM analysis option. Rotor-Gene ScreenClust HRM Software is 
an extension to the Rotor-Gene operating software. Rotor-Gene ScreenClust 
HRM Software is not involved in the running of the cycler and is used to analyze 
raw data which comes from a HRM run. Rotor-Gene ScreenClust HRM Software 
works with the Rotor-Gene operating software to provide increased functionality 
and more sophisticated analysis of HRM data. The features provided by the 
Rotor-Gene operating software and the Rotor-Gene ScreenClust HRM Software 
are summarized in the table, below.  
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Software features 

Feature Rotor-Gene ScreenClust 
HRM Software  

Rotor-Gene 
operating software 

Acquires HRM melt curve   

Displays raw HRM data    

Normalizes melt curve   

Provides difference plot 
using one reference 
sample 

  

Provides a residual plot 
using a composite 
median curve reference 

  

Provides principal 
component and cluster 
plots 

  

Autocalls genotypes 
based on one control 

  

Autocalls genotypes 
based on a group of 
controls 

  

Automatically groups 
genotypes without 
controls 

  

Provides probabilities of 
belonging to each 
cluster 

  

Provides typicalities of 
samples within a cluster 

  

Generates an analysis 
report  

  

 
 
Both the HRM analysis option of the Rotor-Gene operating software and the 
Rotor-Gene ScreenClust HRM Software can be used to perform normalization of 
HRM data (page 39).  

The HRM analysis option of the Rotor-Gene operating software uses difference 
plots for HRM analysis. Difference plots can cause unreliable, difficult-to-
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interpret results, and time-consuming manual interpretation may be necessary, 
particularly when analyzing a large group of samples. In contrast, Rotor-Gene 
ScreenClust HRM Software performs analysis using residual plots (page 40). 
Residual plots maximize amount of information that can be extracted from the 
data. This method also avoids the bias of only using one control sample to 
achieve a difference plot. However, the main difference between the Rotor-
Gene operating software and Rotor-Gene ScreenClust HRM Software is that 
when using Rotor-Gene ScreenClust HRM Software the residual plot is only an 
intermediate step in whole data analysis workflow, whereas when using the 
Rotor-Gene operating software the difference plots represent the final basis for 
autocalling.   

Rotor-Gene ScreenClust HRM Software achieves a more detailed 
characterization of the HRM melting curves by extracting information from the 
residual plot using principle component analysis (PCA) (page 40). PCA is a 
common statistical tool used for characterization of multidimensional data in 
applications such as image analysis or data mining of large-scale gene 
expression studies, including microarrays.  

Both the HRM analysis option of the Rotor-Gene operating software and the 
Rotor-Gene ScreenClust HRM Software perform autocalling of genotypes. 
Autocalling using Rotor-Gene ScreenClust HRM Software provides the 
advantages of a stringent statistical approach and autocalling based on 
multiple control samples (page 42). In addition, unlike using difference plots, 
this approach enables the user to measure the relationship of the sample to 
other clusters. 

Analysis using the unsupervised mode is an important benefit of Rotor-Gene 
ScreenClust HRM Software. In unsupervised mode, unknown samples in a large 
data set can be classified without using any control samples (page 43). This 
provides a powerful tool for the identification of unknown mutations.  

Rotor-Gene ScreenClust HRM Software uses established methods of statistical 
analysis for each sample, indicating the probability that a sample belongs to a 
particular cluster and how well it belongs in the cluster (typicality). Reliable 
statistical analysis is critical for correct interpretation of results and is vital for 
analysis of groups of samples. 
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Due to the features described, the Rotor-Gene operating software and the 
Rotor-Gene ScreenClust HRM Software are suited to different applications (see 
table below). 

Software suitable for different applications  

Application Rotor-Gene 
ScreenClust HRM 

Software  

Rotor-Gene 
operating software 

Genotyping (e.g., SNPs) ++ + 

Mutation scanning ++ + 

Species identification ++ + 

Quantitative analysis 
(methylation, allelic ratios) 

O + 

 
++ strongly recommended; + suitable; O less suitable 
 
Rotor-Gene ScreenClust HRM Software is highly suitable for screening 
approaches in SNP genotyping, mutation scanning, or pathogen typing because 
it provides statistics for precise, large-scale curve characterization and 
classification.  

Rotor-Gene ScreenClust HRM Software cannot be used for quantification of 
allelic ratios (e.g., in the analysis of somatic mutations or of levels of DNA 
methylation). Such applications require the generation of standard curves and 
quantification using a calibration formula. Rotor-Gene ScreenClust HRM 
Software is designed to classify samples into clusters, which is a qualitative and 
highly specific analysis, but not a quantitative approach. Rotor-Gene 
ScreenClust HRM Software can group well-defined levels of allele ratios or DNA 
methylation amounts into corresponding clusters. However, for quantifying 
unknown levels of methylation, the Rotor-Gene operating software is better 
suited, in combination with software such as Microsoft® Excel® for the 
calculation of standard curves. 
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Installing Rotor-Gene ScreenClust HRM Software 

Minimum PC requirements 

The table below lists the minimum PC requirements for Rotor-Gene ScreenClust 
HRM Software.  

PC feature Requirements 

Supported operating 
systems 

Windows® XP: WinXP/Pro; 

Windows Vista®: Vista Business edition 

Processor Pentium® IV 2.6 GHz (desktop) or Pentium M 1.6 
GHz (laptop) (Windows XP); Intel® Core™2 Duo 
processor (Windows Vista) 

Disk space 80 GB of available hard drive space 

Memory 512 MB of RAM (Windows XP); 1 GB of RAM 
(Windows Vista) 

Monitor/graphics card 1024 x 768 monitor (minimum), 1280 x 1024 
(preferred); DirectX 9 capable (Windows Vista) 

CD-ROM drive DVD/CD-ROM drive 
 

Installation Procedure 

A detailed description of the installation procedure can be found in the 
installation guide provided with the software.  
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Using Rotor-Gene ScreenClust HRM Software 

Starting a new analysis 
1. Open Rotor-Gene ScreenClust HRM Software by clicking the desktop 

icon or via the Windows Start menu.  
 

 
2. Click the “New” icon from the tool bar or select “New” from the 

“Analysis”menu. 
 

 
 

 
3. Select the *.rex file for analysis from the “File” menu and click 

“Open”.  
 



 

Rotor-Gene ScreenClust HRM Software User Guide   09/2009 15 

 
Ensure that the *.rex file contains HRM data. This is the only file type that 
can be analyzed using Rotor-Gene ScreenClust HRM Software. A warning 
message will appear if there is no HRM data in the *.rex file.  

 

 
4. The Analysis Wizard automatically begins Raw Data Selection.  
 

 
5. Exclude any samples that should not be analyzed. Multiple samples 

can be highlighted and excluded by holding the “Ctrl” key while 



16 Rotor-Gene ScreenClust HRM Software User Guide   09/2009 

selecting samples with the mouse or by clicking and dragging the 
mouse over the samples. 
Ensure that samples that will be analyzed have melt curve characteristics. 
Samples with poor melt transitions will negatively affect the result. Samples 
with the names “NTC”, “ntc”, or “Ntc” (no template controls), or positions 
with no names are automatically excluded.  

 

 
6. Refine the Normalization Regions for melt curve analysis if desired. 

Exclude data by moving the blue shaded areas using the mouse or 
enter the exact values into the start and end temperature boundary 
fields. Once the temperature range has been defined, click “OK”. 
This option should only be used to remove significant variations in the melt 
curve such as inflection points not associated with the actual melt product(s) 
of interest. It is recommended that as much background fluorescence at the 
beginning of the melt is retained to improve analysis. To further improve 
analysis, remove as much as half of the background fluorescence at the 
end of the melt. The background fluorescence at the end of the melt 
contains very little information and can influence the principal component 
analysis if too much is present. 
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7. Click “Next” to proceed. Two options are available: supervised mode 

and unsupervised mode. 
Supervised mode: genotypes are known and controls are available for each 
one. 

Unsupervised mode: genotypes may not be known and/or controls are not 
available for all genotypes. 

 

 

Unsupervised mode 
1. Select “Unsupervised” and then “Next”. A window appears showing 

that the analysis is in progress. 
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2. In unsupervised mode, the number of genotypes is assumed to be 

unknown. The software calculates a default optimal number of 
genotypes (clusters) based on the gap statistic (see page 43). The 
Principal Component dimensionality is also automatically calculated 
as a default.  
In most cases, the number of clusters calculated matches the number of 
genotypes present in the data. However, the cluster number can also be 
changed manually, if desired (see the following steps). 

 

 
3. The gap statistic graph can be viewed by clicking the “View” button 

to the right of “Gap Statistic”. Viewing the gap statistic graph is an 
advanced feature that can be used to view the data if desired (e.g., 
to determine whether to manually change the cluster count).  
In the gap statistic graph, Cluster Count (x-axis) is plotted against the gap 
score (y-axis). The point where the curve plateaus represents the optimal 
number of clusters (see page 43). The red curve represents the data as 
observed with 2 principal components; the blue curve represents data 
observed with 3 principal components. The optimal number of principal 
components is selected as the curve with the greatest gap score (y-axis).  

Further observation of the gap statistic is recommended, as it may indicate 
the presence of a higher or lower number of clusters. A maximum of 10 
clusters is detectable. 
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4. The raw principal components plot can be viewed by clicking the 

“View” button to the right of “Raw P.C. Plot”. Viewing the raw 
principal components plot is an advanced feature that can be used to 
view the data if desired. Together with the gap statistic graph, it 
enables a decision on the optimal cluster number or PC 
dimensionality in case of ambiguities (see Appendix, page 39).  
Depending on the PC dimensionality chosen, the raw principal 
components plot shows either 2 or all 3 combinations of principal 
components. 
Generally, for high-quality data sets with small numbers of clusters (usually 
2–3 clusters), 2 dimensions are sufficient. Using 3 PC dimensions in these 
circumstances will often produce poorer results. This is because PC1 and 
PC2 are usually sufficient to represent most or all the real differences 
between samples. PC3 may only represent noise, such as the minute 
differences between replicate samples. Inclusion of PC3 will lower typicality 
scores and may reduce the accuracy of the assignment of samples into 
clusters.  

For data sets with complex melt curves and/or larger number of clusters, 
using all 3 PC dimensions provides better separation of samples. In some 
cases, PC3 represents real differences between samples and an additional 
dimension provides better separation. Note that using 3 PC dimensions 
may also improve the separation of poor data, but this is highly dependent 
on individual data sets.  
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The default calculation of the PC dimensionality in Rotor-Gene ScreenClust 
HRM Software takes all these factors into account to make a 
recommendation of the optimal number of PC dimensions to use. 

 

 
5. Click “Next” to complete the analysis or “Previous” to make further 

changes to the analysis criteria.  
6. Results are shown as a cluster plot and a table of results. 

The numbering of each cluster is random and does not represent any 
particular order. A new analysis of the same data set may generate a 
different cluster number for the same group of samples. The probabilities 
and typicalities remain the same if none of the analysis parameters are 
changed. The entries in the table of results are described below.  
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Table of results 

Column heading Description 

ID Sample sequence number from the *.rex file 

Name Sample name 

Cluster The sample has been classified to this cluster based on 
the highest probability value 

Typicality Indicates how well the sample fits into the cluster 

Prob. -Cluster # Probability that the sample belongs to that cluster (the 
probability that the sample belongs to each of the 

defined clusters is shown) 
 

 

 
7. The cluster plot is drawn either in 2 principal component dimensions 

or 3 principal component dimensions (i.e., PC 1 vs. PC 2, PC 2 vs. PC 
3, and PC 1 vs. PC 3). Ellipses represent each cluster. The center 
point of the cluster is calculated using k-means but is not shown (for 
more information, see Appendix, page 43).  
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Supervised mode 
1. Select “Supervised”.  The “Known Clusters” table appears. 
 

 
2. Enter the genotype name. 
 

 
3. Select controls for the genotype from the “Sample Selection” 

window. Samples that are selected as controls for a genotype will 
not be available for selection from the “Sample Selection” window 
for subsequent genotypes. A list of samples selected appears in the 
“Known Clusters” table with their run position numbers.  
Several control samples can be selected by dragging the cursor over the 
sample names or by selecting individual samples while keeping the CTRL 
key pressed. In supervised mode, at least one control sample must be 
selected. If a control sample or a “Known Cluster” name is missing, a red 
exclamation mark appears. 
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4. When all the genotypes and controls have been named and 

allocated, click “Next”. 
To delete a whole row of information, click the triangle symbol to the left of 
the row and press the “delete” key on the keyboard.  
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5. In this window, the number of principal components required is 
calculated and displayed. 
The software automatically calculates a default optimal number for PC 
dimensionality. In most cases, this correctly reflects the complexity of the 
sample set. However, the number of PC dimensions can be changed 
manually if desired (see steps below). 

 

 
6. To view the “PC Error Statistic” window, click the “View” button to 

the right of “PC Error Statistic”. The “PC Error Statistic” window 
appears. Viewing the PC Error Statistic is an advanced feature that 
can be used to decide on the optimal number of PC dimensions, if 
desired. The PC dimensions calculation (cross-validation) can be 
viewed in the “PC Error Statistic” window. The PC dimensionality 
selected should have the lowest error value. If both error values are 
equal, the PC dimensionality with the lowest posterior value should 
be selected. If both posterior values are zero, the lowest PC 
dimension should be selected. 

 

 
7. Select “Next” to complete the analysis or “Previous” to make further 

changes to the analysis criteria.  
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8. Results are shown as a cluster plot and a table of results. 
The entries in the table of results are described below.  

Table of results 

Column heading Description 

ID Sample sequence number from the *.rex file 

Name Sample name 

Cluster The sample has been classified to this cluster based on 
the highest probability value 

Typicality Indicates how well the sample fits into the cluster 

Prob. -Cluster # Probability that the sample belongs to that cluster (the 
probability that the sample belongs to each of the 

defined clusters is shown) 
 

 

 
9. The cluster plot is drawn either in 2 principal component dimensions 

or 3 principal component dimensions (i.e., PC 1 vs. PC 2, PC 2 vs. PC 
3, and PC 1 vs. PC 3). Ellipses represent each cluster. The center 
point of the cluster is calculated as the mean point between the 
control samples. If only one control is used per genotype, then that 
sample is used as the center point to allocate unknown samples to 
clusters (for more information, see Appendix, page 42).  
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Modifying analysis 
1. To modify the variables and samples analyzed, click the “Wizard” 

icon on the tool bar or select “Open Wizard” from the “Analysis” 
menu. 
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2. The analysis can be changed from supervised mode to unsupervised 
mode if desired. All genotypes and controls entered in the “Known 
Clusters” table are saved. Any modification to the samples, 
temperature range, or controls will affect the results of the analysis.  
Removal of samples from the analysis will alter the principal components 
and the principal component plot. Therefore, the clustering and 
probabilities and typicalities will be altered. In some cases, samples may 
move to a different cluster. 

Saving analysis 
To save the final analysis as a Rotor-Gene ScreenClust HRM Analysis File 
(*.hrm), click the “Save” icon on the tool bar or select “Save” from the 
“Analysis” menu. 
 

 
 

 

Post-analysis features 
To view various parts of the analysis, select from the options in the “View” 
menu. Raw data, normalized data, residuals, principal components, main 
principal components plots in 2 or 3 dimensions, the gap statistic (unsupervised 
mode), PC error statistic (supervised mode), cluster plot, and the table of results 
can be viewed. If desired, the user can make changes to the analysis options 
based on observations of the analysis.  
The status bar at the bottom of the main window indicates the analysis options 
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selected. This bar can be removed by deselecting “Status Bar” in the “View” 
menu. A tick next to “Status Bar” indicates that the bar is visible.  
 

 
To view a report, select “Report” from the “View” menu.  The report shows the 
table of results and images of the raw data graph and the cluster plot. The 
report can be printed directly from the software or exported to an Excel® (*.xls) 
or a *.pdf file.  
 

 

Viewing previous analysis files 
1. To view a previous Rotor-Gene ScreenClust HRM Analysis File 

(*.hrm), click the “Open” icon on the tool bar or select “Open” from 
the “Analysis” menu.  
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2. Select the *.hrm file from the file menu and click “Open”.  
 

 
3. The raw data graph will appear on the screen. To view the cluster 

plot or table of results, select “Cluster Plot” or “Report” from the 
“View” menu.  
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4. If desired, the analysis file can be reanalyzed. Click the “Wizard” 

icon on the tool bar or select “Open Wizard” from the “Analysis” 
menu. 

User interface options 

Sample selection  

To include or exclude samples from view, use the “Sample Selection” tool bar. 
Samples that are deselected appear lightly shaded. The “Sample Selection” tool 
bar can be used for any of the analysis plots including raw data, normalized 
data, residuals, and cluster plots. To select multiple samples, drag the cursor 
over the sample name boxes in the tool bar.  
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Samples can also be selected by holding down the left mouse button and 
dragging the cursor over the samples. Then choose “Select Only These 
Samples” or “Deselect These Samples” in the menu that appears.  
 

 
To copy a graph to the Clipboard, place the cursor over the graph and click the 
right mouse button. Select “Copy To Clipboard” in the menu that appears. The 
copied image can then be pasted into third-party publishing software if desired.  
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Windows selection 

Each graph or table can be viewed on one page using the “Windows” menu. 
Individual analysis pages can be aligned by selecting “Cascade”, “Tile Vertical”, 
or “Tile Horizontal”. To remove all the pages from view, select “Close All”.  
 

 

Other options and help 
Opened Rotor-Gene ScreenClust HRM Analysis Files can be saved under a new 
name and to a new location by selecting “Save As” from the “Analysis” menu.  

To exit Rotor-Gene ScreenClust HRM Software, select “Exit” from the “Analysis” 
menu. 

To access the user guide via the software, click the “Help” icon in the tool bar or 
select “Contents” from the “Help” menu.  
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To send a support email, select “Send Support Email” from the “Help” menu.  
 

 
The Rotor-Gene ScreenClust HRM Software automatically attaches the *.rex and 
*.hrm files to the e-mail. Simply type in your email address, give a brief 
description of the issue, and click “Send”.  
 

 
The e-mail is sent to our Technical Service team, who will analyze your files and 
respond to your query. 
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Guidelines 
The following guidelines may be useful for optimization of results using Rotor-
Gene ScreenClust HRM Software. 

 Curve shape can affect normalization and therefore clustering. Ensure that 
data contains appropriate melt curve features. If some samples do not 
have melt curve features, remove them from the analysis. 

 Samples named “NTC” will automatically be excluded from the analysis. 
Ensure that all negative controls and no-template controls are not included 
in the analysis. 

 Ensure that all samples have names, as the software will automatically 
remove samples without names. 

 Try to avoid removing samples, especially controls, from the analysis as 
they represent the variation in your data. Avoid removing controls if 
reanalyzing. 

 Ensure that the temperature range includes as much background at the 
beginning of the melt as possible to improve analysis. Normalization can 
be affected if too few points are present at the beginning of the melt, which 
can influence the line of best fit. 

 Remove as much as half of the background at the end of the run. 
Background at the end of the run influences the principal component 
extraction and information can be lost in the area of interest if too much 
background is present. 

 Only use supervised mode if there is a control for each genotype. In 
supervised mode, the software attempts to cluster all samples into given 
genotypes. Non-related samples will typically sit well outside the cluster. 

 If you have only partial information on the genotypes present in the 
sample, use the unsupervised mode for all unknown and control samples 
available. All samples will be considered as unknowns and clustered 
according to the distribution of samples in the principal component plot. 
The control samples should then be grouped into separate clusters, 
whereas genoytypes without controls should form separate clusters. 

 We recommend using at least 3 controls per cluster. Covariance cannot be 
calculated with less than 4 samples and in this case, the software will have 
to use the average covariance of the data set. This will reduce the power of 
the probability and typicality calculated for each sample.  
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 Typicalities cannot be calculated accurately for clusters with less than 4 
samples. For samples in these clusters, the following estimated typicalities 
are provided: 

Number 
of 
samples 

Estimated typicality (2D) Estimated typicality (3D) 

1 1.00000000 1.00000000 

2 0.77880078 0.91889141 

3 0.51341712 0.72123337 
 

 

 Avoid using data sets with less then 5 samples. All statistical calculations 
used by the software require the use of at least 5 samples to provide 
optimal results.  

 Check the gap statistic graph in unsupervised mode if you suspect that the 
optimal cluster number is incorrect. There may be another substantial 
increase in the gap score indicating a higher or lower cluster number (page 
43). 

 Switching between supervised and unsupervised modes is not 
recommended. Results will differ as different algorithms are used to 
calculate clusters and classify unknowns. 

 Removing a sample before reanalysis will alter the results. The combination 
of samples used influences the principal components extraction and 
therefore the clustering.  
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Troubleshooting Guide 
This troubleshooting guide may be helpful in solving any problems that may 
arise. For more information, see also the Frequently Asked Questions page at 
our Technical Support Center: www.qiagen.com/FAQ/FAQList.aspx. The 
scientists in QIAGEN Technical Services are always happy to answer any 
questions you may have about either the information and protocols in this 
handbook or sample and assay technologies (for contact information, see back 
cover or visit www.qiagen.com). 

 Comments and suggestions 

Cannot initiate analysis 

a) ScreenClust is not 
installed correctly 

Ensure that the software is correctly installed. 

b) Microsoft .NET 
framework is not 
correctly installed 

Reinstall Microsoft .NET framework 2.0 using the 
NetFx20SP2_x86.exe installation file included in 
the Rotor-Gene ScreenClust HRM Software CD.  

c) R statistical package 
not correctly installed  

Manually install the R statistical package using 
the R-2.7.1-win32.exe installation file included in 
the Rotor-Gene ScreenClust HRM Software CD. 

d) File does not contain 
HRM data 

Ensure that the *.rex file used for analysis 
contains valid HRM data. Rotor-Gene 
ScreenClust HRM Software cannot analyze 
standard melt data. 

Some samples are missing in my analysis 

 Samples have been 
automatically excluded 

Rotor-Gene ScreenClust HRM Software 
automatically excludes samples labeled as 
“NTC” and unlabeled samples. To include these 
samples, open the “Exclude Data Selection” 
window and uncheck any excluded samples that 
are required for analysis. 

The cluster/dimensionality choice in unsupervised mode appears 
incorrect  

 More than one ideal 
cluster/dimensionality 
choice 

Rotor-Gene ScreenClust HRM Software provides 
a suggested optimal cluster/dimensionality 
choice using the gap statistic. It is possible that 
another combination may be a more suitable 
choice. Users should examine the gap statistic 
and principal component plot before deciding on 
the final cluster/dimensionality choice. 
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 Comments and suggestions 

Samples are outside of the cluster 

a) Ellipses do not cover all 
samples 

The ellipses are a visual aide to give users an 
idea of how clusters are orientated. They do not 
cover the entire area of the cluster, so some 
samples will be positioned outside of the ellipses. 

Ellipses are computed based on the distribution 
of samples within each cluster and are designed 
to cover most samples. Samples lying outside the 
ellipses tend to have low typicalities. 

b) Controls are not 
representative of 
samples in the cluster 

In supervised mode, clusters are centered on the 
controls. If the controls lie at the edge of the 
majority of samples from the cluster, the position 
of the cluster appears shifted away from the 
samples. Minimize variability between controls 
and unknown samples in the experimental setup. 
Differences such as purification method, 
template concentration/form/treatment, and 
reaction mixture can all result in different HRM 
behavior, even for the same amplicon/target 
sequence. 

A control sample is assigned to an incorrect cluster 

 If a control is closer to 
a cluster other than the 
one to which it was 
assigned, it is assigned 
to the closest cluster 

Check that the correct sample was selected as 
the control. Check that both clusters represent 
unique melting species. Examine the raw and 
normalized melt curves of the sample for 
abnormalities such as unexpected bumps or 
inflection points. 

Typicalities values are the same for many samples 

 Clusters have fewer 
than 4 samples 

For small clusters it is not possible to accurately 
calculate typicality values. Instead, fixed 
estimated values are provided based on the 
number of samples. 
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 Comments and suggestions 

Cluster orientation is completely different for 2 different analysis runs 
of the same assay 

 Each analysis is unique The principal components in each analysis are 
derived from the samples included for that 
analysis. Therefore, the principal component plot 
is unique for each analysis. Even though the 
same types of samples may be present, factors 
such as the number of samples, ratio between 
sample types, and even minor differences in melt 
curve, such as the variability between replicates, 
may result in different principal components and 
hence different cluster plots. 

All posterior probability values equal "Not Available" 

 Posterior probability 
error 

To calculate posterior probability, the covariance 
matrix is used. For the plotted cluster data, the 
covariance matrix has not been properly 
calculated due to the number of principal 
components used or clusters selected. Change 
the number of principal components used. If this 
fails, try to reduce the number of clusters 
selected. 
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Appendix: Steps in Data Analysis 
This appendix provides details on the algorithm and statistics used in analysis 
with Rotor-Gene ScreenClust HRM Software. For more detailed background 
information on the statistical methods, refer to the references on page 46. 

Normalization 
Raw HRM curves are normalized by applying curve scaling to a line of best fit so 
that the highest fluorescence value is equal to 100 and the lowest equal to zero. 
Two regions of the melt data are selected: a region before and a region after 
melt curve transition. The average fluorescence and slope of the line of best fit 
are calculated and applied in the normalization. 

 
Figure 2. Normalization. A In the first step in HRM curve normalization, 2 normalization 
regions are selected, avoiding areas that are specific to the amplicon. The software focuses on 
points within the normalization regions. B A line of best fit (LOBF) is determined for each HRM 
curve between points X min and X max. Each individual HRM curve is forced to have the same 
LOBF from a fluorescence range of 0 to 100. C The software transforms each curve to have 
this LOBF using the following formula: y = (m2/m1) x F(x) + (m1 x b2 – m2 x b1) / m1; 
where m1 is the gradient of the individual HRM curve, m2 is the gradient of the required 
transformed LOBF, b1 is the intercept for the individual HRM curve, b2 is the intercept for the 
required transformed LOBF, and F(x) is fluorescence at temperature X. 
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Generation of a residual plot 
The normalized melt curves are differentiated to accentuate the rate of change 
in melting. To retrieve more information from the data, a composite median 
curve is constructed by taking the median fluorescence of all the curves for each 
coordinate along the temperature axis. Residual plots from the composite 
median curve are drawn for each sample being analyzed. Characteristics of 
these residual plots are used in principal component analysis. 

 

 
Figure 3. Drawing residual plots. A Normalized samples are shown. B The normalized 
samples are differentiated to accentuate the rate of change in the HRM curves. A composite 
median curve is then determined from all of the differentiated samples present. C The 
composite median curve is then subtracted from each of the individual normalized, 
differentiated samples to give a residual plot. Principal components are then extracted from 
the residual plot. 

Principal component analysis 
Principal component analysis is a well-established method of data analysis. 
However, Rotor-Gene ScreenClust HRM Software is the first software application 
to apply principal component analysis to HRM data. 

Principal components are determined from the residual plots. Principal 
component analysis (PCA) enables determination of patterns in multi-
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dimensional data, and draws the data so that similarities and differences are 
highlighted.  

The first principal component (PC1) is the new linear combination of data 
vectors that represent the most variation among samples (1). The second 
principal component (PC2) further characterizes the remaining variability not 
accounted for by PC1.  Finally, the third principal component characterizes the 
remaining variability not accounted for by PC1 and PC2. This analysis enables 
maximum separation of samples. In mathematical terms, PCA is an orthogonal 
linear transformation that transforms the data to a new coordinate system. 

Individual samples are scored against each principal component. The relative 
scores for each principal component are plotted in 2 or 3 dimensions 
depending on the number of principal components chosen for the analysis. 
Typically with any HRM data set, only the first 3 principal components are 
required. Subsequent principal components are usually background noise that 
provides very little information about the features of the data. 

 
Figure 4. Simplified example of principal component analysis. A Detect the vector that 
best represents the greatest variability across the data, which is the first principal component 
(PC1). Any remaining variability, perpendicular to PC1 is determined as the second principal 
component (PC2). In this example, only 2 principal components were required. B Once the 
PCs are determined, the individual samples are scored against each PC and drawn as a 
principal component plot. Cluster analysis can be performed from the PC plot. 

Clustering 
Following principal component analysis the samples are clustered into groups. 
Grouping or clustering can be performed using Rotor-Gene ScreenClust HRM 
Software in either supervised or unsupervised mode. 

In supervised mode, the clusters are known and controls are available for each 
cluster. Supervised mode is often used for SNP genotyping, where the genotypes 
are known. In supervised mode, the user assigns control samples for each 
cluster and the software classifies all unknown samples to clusters according to 
their characteristics. 
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In unsupervised mode, the clusters are unknown or controls are not available 
for every cluster. The unsupervised mode is used to find new mutations in the 
data, and when there is no prior knowledge of the genotypes present in the 
samples. 

Supervised mode 
In supervised mode, the clusters are known and controls are available for each 
cluster. Supervised mode uses Linear Discriminant Analysis (LDA) as a 
classification method (2). Using the control samples, LDA calculates a cluster 
distribution. The centre of the cluster is set as the mean of the controls. 
Unknown samples are allocated to a cluster based on their proximity to the 
mean points of the controls. When all the unknown samples are classified, the 
covariance of each cluster is determined and used to calculate posterior 
probabilities and typicalities (see below). Although a single control can be used 
for each cluster (see “Nearest neighbor”, page 43), the use of at least 4 
samples provides more statistically reliable results.  

Following LDA, if less then 4 samples are classified to one cluster, then the 
average covariance of all the other clusters is used. This enables use of the 
variance/covariance matrix in calculating probabilities, typicalities, and drawing 
cluster ellipses. 

To determine the correct number of principal components to use for supervised 
analysis, a cross-validation procedure is performed. Cross-validation involves 
excluding a known sample, and using the remaining samples to build a 
classifier. The excluded sample is then classified and any errors made in 
classification are counted. This process is repeated for the dimensions of 
principal components and the dimensionality with the lowest error rate is 
chosen. However, the error rate can be discrete, and in this case the posterior 
probabilities of the true classes for the known samples can be used. By adding 
the logs of these probabilities for all the known samples, an overall measure of 
the quality of the classification is determined. The principal component 
dimensionality that returns the lowest posterior probabilities value is chosen. If 
both values are equal then the lower principal component dimensionality is 
chosen. 

Posterior probabilities 

The probability of each sample fitting into a particular cluster is calculated and 
given as a value from zero to one. The sum of all probability values for a single 
sample is one. Each sample is called into the cluster with the highest 
probability. Samples with a probability of less then 0.7 of belonging to a 
particular cluster should be treated with caution.  
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Typicalities  

The typicality measures how well a sample falls within the cluster distribution in 
which it has been classified. Samples with typicalities below 0.05 should be 
treated with caution.  

Nearest neighbor  

If only one control is provided per cluster, the nearest neighbor calculation is 
used. Unknown samples are allocated to a cluster based on their proximity to 
the control. Once samples are allocated to a cluster, the posterior probability 
and typicality values are recalculated based on the newly defined clusters and 
covariance for each cluster. Clusters with less than 4 classified samples use the 
average covariance of all the other clusters.   

Unsupervised mode 
In unsupervised mode, the software calculates the optimal number of clusters 
automatically. This feature is an excellent tool for the discovery of new 
polymorphisms.  

The unsupervised mode uses the k-means calculation for cluster analysis (3). K-
means randomly assigns cluster centers multiple times. The optimal cluster 
distribution in the spatial principal component plot is determined as the cluster 
distribution from the many random assignments with the least sum of squares. 
The optimal distribution is the one where the sum of distances between all 
samples and their respective cluster center is the lowest.   

Combining k-means with the gap statistic allows for the determination of the 
optimal number of clusters (4). The gap statistic runs a within-cluster sum of 
squares analysis as a cluster quality measure for each cluster number 
determined by the k-means algorithm (up to a maximum of 9 clusters) and plots 
the gap score for each cluster number as well as the standard deviation.  

The gap score and its error (y-axis) are plotted against cluster count (x-axis), 
and the first cluster count where the gap score is greater than or equal the gap 
score of the following cluster count minus its error is determined to be the 
optimal cluster number. Two optimal cluster counts are calculated, one for 2 
and one for 3 principal components. The number of principal components to 
use is determined as the optimal cluster count with the highest gap score. 
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Figure 5. Gap statistic. The gap score along with its error (y-axis) is plotted against cluster 
count (x-axis) for both 2 and 3 principal components. The cluster count where the mean gap 
score is greater than or equal to the following gap score minus its error error (i.e., GAP(k3) > 
GAP(k4) - SD(GAP(k4)) in the graph above) is considered to be the optimal cluster number, 
and the principal component with the highest gap score is chosen. 

Although the software automatically determines the optimal number of clusters, 
further analysis of the gap statistic is recommended. For example, there may be 
a substantial secondary increase in the gap score following the first plateau, 
indicating a potential for more clusters within the data set (Figure 6). The user 
should further investigate the possibility of extra clusters. This can be achieved 
by simply running more replicates or by sequencing samples within the clusters 
of interest. Once samples are classified into clusters, the posterior probability 
and typicality values are calculated as described above. 
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Figure 6. Manual gap statistic interpretation. In this example, the mean gap score for a 
cluster count of 3 is greater than the mean gap score for a cluster count of 4 minus its error. 
However, a second substantial increase in the gap transition indicates that another ideal 
cluster count could be present at 8. This interpretation of the data should be combined with 
observation of the raw cluster plots and existing knowledge of the experiment.  
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