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I. ABOUT EMMALYS 
 
Emmalys software is the fragment analysis application for EMMA mutation detection 
method. 
 
Emmalys analyzes data generated from biological samples that have been prepared according 
to EMMA protocol. EMMA combines size multiplex PCR and multicapillaries analysis. 
Capillary electrophoresis is performed in ABI multicapillaries sequencers (ABI 3100, 
ABI3100xl, ABI3130, ABI3130xl). Data generated by ABI sequencer are .fsa format. 
 
Emmalys can analyze simultaneously up to 96 samples containing each up to 6 fragments. 
 
Emmalys data analysis process is composed of 10 steps: 

- Sample selection 
- Synchro Interval 
- Manual Synchro 
- Analysis Interval 
- Fragment Overlay 
- Fragment Compare 
- Run Display 
- Criterion Choice 
- Results 
- Large Scale Rearrangement (LSR) 
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II. Sample selection  
 

a. Overview 
 
During this step you will import data to be analyzed. One control sample is then selected from 
the sample list.   
 

b. Importing samples 
 
There are two ways to import samples. You can either select samples file by file or select one 
or several folders. 
 

�  Importing files 

Click on the  button.  
Choose the folder containing files to be analyzed. Select one or several files and press �����
����	  
You can preview files before their selection by ticking preview. 
 It is possible to zoom horizontally in the preview window. 
 



emmalys UM v2.02 6

 

 
Figure 1- Importing files 

 

 The maximum number of files that can be analyzed simultaneously is 96. All the selected 
files will not be analyzed if more than 96 .fsa files are selected. 

 

�  Importing folders 
 

Click the  button. 
Select one or several folders containing files to be analyzed.  
 

All .fsa files contained in the folders will be analyzed 
The maximum number of files that can be analyzed simultaneously is 96. All the selected files 
will not be analyzed if folders selected contain more than 96 .fsa files. 
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c. Visualizing electrophoregrams 
 
Once files are selected they appear on the left hand side of the window.  
 

�  Samples sorting 
After loading, files can be sorted by name or position on the plate with the “sort by sample” 
and “sort by plate” buttons located on the right hand side of the screen. 
 
Wavelength Selection: Emmalys allows you to work with 4 different wavelengths. Select the 
wavelength corresponding to the fluorophore you are using in the “Wavelength Box” (Figure 
4) 
 

�  Quick trace visualization 
Clicking on a file name make its trace appears in the bottom box (Figure 2).  
 

 
Figure 2 - Trace visualization 

Zoom 
It is possible to zoom in the x axis: 

- Place mouse cursor in the starting point and click left mouse button (Figure 3.a) 
- Maintain left button clicked and move the cursor to the final position (Figure 3.b) 
- Release left mouse button (Figure 3.c) 
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Figure 3 - Zoom 

 
To come back to the full view right click on the trace window. 
 
Once zoom has been made for one file it can be kept for all the other files by ticking the 

����
�����  box (Figure 4). 
 

Analysis zone 
An Analysis Zone has to be set to proceed to further analysis steps. A X Minimum and a X 
Maximum values have to be set to determine this zone (Figure 4). Analysis zone can be 
visualized in the trace visualization box (dashed vertical lines, Figure 2). 
Unticking the “Display all curve” (Figure 4) will adjust zoom to the analysis zone. 
It is also possible to fix threshold for Low Intensity (Y Minimum) and Saturated (Y 
Maximum) peaks (Figure 4). Thresholds can be visualized in the trace visualization box 
(dashed horizontal lines, Figure 2). Peaks that are bellow Y Minimum or over Y Maximum 
will not be analyzed and not be displayed in Fragment Overlay. 
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Figure 4- Sample selection Options 

 

d. Selecting the Main Control 
 
Sample analysis requires the selection of a Main control.  
Once you have identified the trace corresponding to the main control tick the box 
corresponding to the sample in the MC column (Figure 5). If no ��  is selected the software 
can’t proceed to the next step. The trace of main control can be superposed with other sample 
traces or removed by ticking or unticking the “display main control” button. 
 
 

 
Figure 5- MC selection 

 

 No fragment of the MC must have any variation in order to obtain a valid analysis. 

e. Proceeding to next step 
 

To proceed to the next step you can either click on the right green arrow  or on the 
����������������  button.  
 

 If no Main Control (MC) is selected you will not be allowed to proceed to the next step. 
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III. Synchro Interval 
 

a. Overview 
 
Electrophoregrams usually have a small shift along x axis. The �������� ��������  step 
consists in selecting a peak and normalizing all other curves with this peak along x axis. 
�������� ��������  view shows two main windows (Figure 6). Main control 
electrophoregram is displayed in top window and a superposition of all analyzed sample is 
presented in bottom window. 

b. Synchronization Interval selection 
 

1. Select a fragment that is isolated from other peaks 
2. On top window: 

- Place mouse cursor in the starting point and click left mouse button  
- Maintain left button clicked and move the cursor to the final position 
- Press and maintain ����  button then Release left mouse button 

3. Click ����������� l button  
4. Release ����  button. 

 

 Be sure that all peaks corresponding to the selected fragment are in the selected interval 
(bottom window). 

 
 

c. Proceeding to next step 
 

To proceed to the next step you can either click on the right green arrow  or on the 
������  �������� button.  
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Figure 6 - Interval selection steps 
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IV. Manual Synchro 
 

a. Overview 
 
Following the �������� ��������  step, electrophoregrams are usually properly normalized 
and you can proceed to next step. However if the synchronization interval is not wide enough 
or if the shift is too large, some electrophoregrams may not be properly normalized along the 
x axis.  
It is thus possible to manually align electrophoregrams. 
 

b. Electrophoregram visualization 
 
In the Manual synchro view, electrophoregrams are grouped by 16 and displayed over 2 
screens (Figure 7). To view electrophoregrams 49 to 96 click in the samples box and select 
�������� . 
 

 

 
Figure 7 - Manual synchro view 

 

c. Electrophoregram manual synchronization 
 

1- Select the electrophoregram to be synchronized with the selection arrow (Figure 8). 
The selected electrophoregram has a green color. 
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2- Press ���  button and move the mouse cursor to the maximum of the peak corresponding 
to the fragment used for synchronization. 

3- Release ���  button 
4- Press ���������� �button (Figure 8) 

 
Repeat this operation until all curves are aligned. 

 
Figure 8 - Electrophoregram selection 

 
Manual synchronization can be canceled by clicking “reset all” button, 

d. Proceeding to next step 
 

To proceed to the next step you can either click on the right green arrow  or on the�
 ����������������  button.  
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V. Analysis Interval 
 

a. Overview 
 
During this step you will select different fragments to be analyzed.  ����������������  view 
is composed of two main windows. Main control electrophoregram is displayed on top 
window and a superposition of all analyzed samples is presented on bottom window (                           
Figure 9).  
Each fragment will then be analyzed independently. For each fragment, all curves will be 
normalized along x-axis and y-axis. 
 

b. Analysis Interval selection 
 
The analysis interval selection is very similar to the synchronization interval selection. 

1. Select the first fragment of the multiplex 
2. On top window: 

- Place mouse cursor in the starting point and click left mouse button  
- Maintain left button clicked and move the cursor to the final position.  
- Press and maintain ����  button then Release left mouse button 

3. Click ����������� l button  
4. Release ����  button. 
5. Repeat the operation with next fragment 

 

 Be sure the interval contains all peaks corresponding to the fragment in the bottom 
window. 

 

c. Multiplex and Fragments Naming 
 
It is possible to name the multiplex and the fragments you are analyzing by filling in 
corresponding boxes in the bottom left hand side of the window. Names will then be used in 
the following display and results windows.  
If Fragment names are not filled in, default names will be 1, 2, 3, … 



emmalys UM v2.02 15

 
                           Figure 9 - Analysis interval selection 

 

d. Analysis Interval modification 
 
Once intervals are selected you can modify (widen or shrink) or delete them.  

- To modify an interval press and maintain ���  button and move the mouse cursor on 
the interval boundary you want to modify. Click the mouse button and move the 
interval boundary to desired position. Then release mouse and ���  button.  

- To delete an interval place the mouse cursor on the interval color in the bottom left 
table. Right click and select ��������������� . 
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e. Synchronization peak 
In each Analysis interval and for each sample Emmalys will select a synchronization peak. If 
there is more than one peak the synchronization peak is selected as follow: 

 
Figure 10- Synchronization peak 

 
 

f. Proceeding to next step 
 

To proceed to the next step you can either click on the right green arrow  or on the�
!��"�����#������  button.  
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VI. Fragment Overlay 
 

a. Overview 
 
During this step the superposition of all curves for each fragments is displayed (Figure 11). 
 

 Fragments that have intensity bellow “Y Minimum” or over “Y Maximum” will not be 
displayed in this window. 
 

 

 
Figure 11 – Fragment Overlay 

When placing the mouse cursor over a curve the corresponding curve will be highlighted in 
red. Curves corresponding to the same sample in other fragments will also be highlighted in 
red (Figure 12). 
When using the file print function, a “print dialog” box is displayed that can be used to print 
the curves. 
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Figure 12- Curve highlighting 

 

b. Proceeding to next step 
 

To proceed to the next step you can either click on the right green arrow  or on the 
!��"������������$�%���&��������������������������  button.  
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VII. Fragment Compare 
 

a. Overview 
 
During this step you have the possibility to display and superpose up to 7 selected samples 
(Figure 13). 
 

b. Sample selection 
 

1. Choose the fragment to be analyzed by clicking in the !��"����� box and 
selecting the proper fragment name. 

2. Choose the sample to be displayed on the right hand side of the window by 
clicking on sample name. 

3. Choose the position where you want the sample to be displayed by clicking on 
one of the 7 numbers in the bottom of the window. Number 1 corresponds to 
the top left hand side window and is used as reference (red curve). 

4. The top right hand side window is a superposition of all selected fragments 
 

To remove a sample click on the cross located on top right hand side of the window 
corresponding to the sample. 
Once samples are selected you can change the fragment number. 
When using the file print function, the curves that are chosen can be printed. 
 

 

 
Figure 13 – Fragment Compare 
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VIII. Run Display 
 

a. Overview 
This view displays, for one fragment, 16 successive samples (Figure 14). 
 

b. Fragment and sample selection 
1. Choose the fragment to be analyzed by clicking in the !��"����� box and 

selecting the proper fragment name. 
2. Choose samples to be displayed by clicking in the ������  box and selecting 

the proper sample numbers.  
 
When using the file print function, a “print dialog” box is displayed that can be used to print 
the curves. 

 

 
Figure 14 – Run Display 
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IX. Criterion Choice 

a. Overview 
This window shows all criterions that can be applied for automatic point mutation detection 
(Figure 15).  
The operator can choose not to apply a criterion by unticking the “Apply” box of this 
criterion. 
The operator can change criterion threshold values. However this must be done carefully by a 
trained person. It is possible to come back to default parameters by clicking the “Reset to 
Default” Button. 
 

 

 
Figure 15- Criterion Choice 

 

b. Criterions 
 
6 criterions can be applied for automatic mutation detection. 

�  The Number of Peaks (NP) 
This parameter determines the number of peaks of the analyzed fragment. The user can set 
two parameters (Figure 16): 

1. Y peak minimum (%): Peaks below this value (percentage of maximum 
synchronization peak) are not taken into account. 

2. Delta Y mini (%): Allows to set sensitivity of the criterion. The lower Delta Y 
mini is, the lower sensitivity is. 

Peaks positions are shown by default in “Results” window.  
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Figure 16- Number of Peaks parameters 

 

�  Full width at half maximum (HW) and at Quarter maximum (QW)  
This parameter determines width at half maximum and at quarter maximum of 
synchronization peak. If the fragment has more than one peak, HW or QW is the sum of width 
at half height or quarter height (compared to synchronization peak) of all peaks (Figure 17). 

 
Figure 17- HW for a fragment with multiple peaks. 

 
The user can set two parameters: 

3. Normality factor (%): This criterion gives the tolerated interval (in %) 
compared to MC. Over this interval and below abnormality factor interval the 
fragment is considered as “Questionable” (Figure 18). 

4. Abnormality factor (%): This criterion gives the tolerated interval (in %) 
compared to MC. Over this interval the fragment is considered as variant 
(Figure 18). 

 
Figure 18- Normality and Abnormality factors 
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�  Curve divergence (CD) 
This criterion gives information on distance between analyzed curve and MC. The absolute 
value of distance between both curves is calculated from synchronization peak maximum to 
“Minimum vertical compute” value. Mean of distances sum is then calculated (Figure 19). 

 
Figure 19- Curve Divergence (CD) 

 
The user can set three parameters: 

5. Minimum vertical compute (%): distance below this value (percentage of peak 
maximum) will not be taken into account. 

6. Maximum normal: values between this value and Minimum Abnormal 
fragments will be considered as “Questionable” 

7. Minimum Abnormal: Over this value, fragments will be considered as 
“Variants”. 

 

�  Square Divergence (SD) 
This criterion gives information on distance between analyzed curve and MC. The square of 
distance between both curves is calculated from synchronization peak maximum to 
“Minimum vertical compute” value. Mean of distances sum is then calculated (Figure 19). 
 
The user can set three parameters: 

8. Minimum vertical compute (%): Distance below this value (percentage of peak 
maximum) will not be taken into account. 

9. Maximum normal: between this value and Minimum Abnormal fragments will 
be considered as “Questionable” 

10. Minimum Abnormal: Over this value fragments will be considered as 
“Variants”. 

 

�  Maximum Difference (MD) 
The Maximum Difference (MD) is the maximum distance between the analyzed curve and 
MC. MD is calculated over a “Minimal vertical compute value” (Figure 20). 
 
The user can set three parameters: 

11. Minimum vertical compute (%): Distance below this value (percentage of peak 
maximum) will not be taken into account. 

12. Maximum normal: between this value and Minimum Abnormal fragments will 
be considered as “Questionable” 
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13. Minimum Abnormal: Over this value fragments will be considered as 
“Variants”. 

 
Figure 20- Maximum Difference (MD) 
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X. Results 

a. Overview 
This window shows results of automatic mutation detection (Figure 21). The profile of main 
control (red curve) is automatically superposed with the trace of each sample. 

 
 

 
Figure 21- Results window 

The HW and QW values are represented by horizontal dashed lines on the graphs in the left 
hand side window. 
“Normal” fragments are highlighted in green. 
“Mutated” fragments are highlighted in red. 
“Questionable” fragments are highlighted in yellow. 
“Low intensity” and “Saturated” fragments are highlighted in grey. 
“Polymorph” fragments are highlighted in blue. 
The table on the right hand side of the window details criteria analysis for the selected sample. 
In the first column (criterion), the list of the criteria is detailed. In the second column (value), 
the values of the criteria related to the selected sample are detailed. Column 5 (ref) presents 
reference (main control) data from which the limit values between normality, questionability 
and mutations are calculated. An example is presented in Figure 21. QW reference value is 
equal to 13.226. Adding and removing 15 % to this value leads to 15.210 and 11.242 
respectively (norm max and norm min). This defines the interval in which the sample is 
considered as normal. Adding and removing 30 % to reference defines the limit over which 
the sample is considered as mutated (mut if < and mut if >). Between 15 and 30 % the sample 



emmalys UM v2.02 26

is considered as questionable. 15 and 30 % are default factors which can be modified on 
criterion choice window by the user. 

b. Manual fragment state setting 
It is possible to manually change the state of a fragment if the results automatically generated 
are not good or if the fragment is a polymorphism. There are two ways to change a fragment 
state: 

1. Right click on the fragment and choose the new fragment state between the 
following options: 

i. No change 
ii.  Auto (set back to automatic mutation detection result) 
iii.  Mutation (red) 
iv. No mutation (green) 
v. Low intensity (light grey) 

vi. Saturated (light grey) 
vii.  Questionable (yellow) 
viii.  Polymorph P1 (blue) 
ix. Polymorph P2 (blue) 
x. Polymorph P3 (blue) 

xi. Polymorph P1+P2 (blue) 
2. Select the fragment state in the right box (Figure 22). Right click on desired 

fragment(s). This way of changing fragment state is recommended when 
setting the same state for several fragments (for instance polymorphisms). 

 
Figure 22- Fragment state selection 

 
 
 
 
 
 



emmalys UM v2.02 27

c. Results exporting  
 
4 buttons located in the right bottom hand side of the results window can be used for results 
exporting under different formats. 
When clicking on “Colored global results” button, the table displayed in Results window is 
exported with the same layout and colors in a separate sheet which can be printed and saved 
as .mls file. You can use the  icon to go back to the results window. 
 
When clicking on “black and white detailed results”, the data displayed in results window 
are exported in a detailed black and white table. NP, HW, QW, CD, SD and MD parameters 
are displayed in columns 9 to 15. The meaning of the symbols is detailed below. 
X : a sample is detected as mutated regarding a specific parameter 
? : a sample is detected as questionable regarding a specific parameter. 
No symbol means that a sample is detected as normal regarding a specific parameter. 
The symbol “NOR” is displayed in the “State” column when all the parameters regarding a 
specific sample are detected as normal. 
The symbols “NP” and/or “HW” and/or “QW” and/or “CD” and/or “SD” and/or “MD” are 
displayed in the “State” column when one or several parameters are detected as mutated 
regarding a specific sample. 
The icons  can be used to change the fragments which are displayed. 
You can use the  icon to go back to the results window. 
 
When clicking on “export Imax” , I max values are exported in a text file. One line is 
generated per sample and per fragment. You can use the  icon to go back to the results 
window. 
 
When clicking on “export results” , the conclusions of the results obtained from the different 
samples are summarized and exported in a text file. The results obtained for each fragment are 
summarized in a specific column. You can use the  icon to go back to the results window. 
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XI. Large Scale Rearrangements (LSR) 
 

a. Overview 
This window shows large scale rearrangement automatic detection results. It is possible to 
work on peak area or on peak height. It is also possible to choose references manually or to let 
the software choose the best references. 
 

LSR requires specific sample preparation conditions that are described in EMMA User 
Manual. 
 

b. Algorithm 
 
Different peak ratios (R1 and R2) are calculated in order to detect the presence of LSR (Figure 
23): 

- A first ratio, R1, is calculated within peaks of a sample. R1 is the ratio of the 
fragment of interest to the Internal Control (IC) inside the same sample. 

- The same R1 ratio is calculated for at least one reference sample known with no 
LSR. It is called R1R 

- A second ratio, R2, is then calculated. R2 is the ratio of R1 for a fragment of the 
sample of interest to R1R for the same fragment. 

 

 
Figure 23- R1 and R2 ratios for large scale rearrangements detection 
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c. LSR threshold 
 
Default R2 threshold values are set to 1.25 and 0.75 in Emmalys. This means that samples 
with a R2 value higher than 1.25 are considered as duplicated and that samples with a R2 value 
lower than 0,75 are considered as deleted for the fragment of interest. The threshold values 
can be modified by the user in the threshold boxes located in the right hand side of the screen. 
Sensitivity can be enhanced by reducing duplication threshold and increasing deletion 
threshold.  
In the LSR window, point mutations are represented for all fragments by the colored boxes 
according to the analysis performed in the result step.  Polymorphism number also 
appears in the colored box.  

 
Figure 24- LSR window 

d. Internal Control 
To select the IC tick the box on the left of the fragment name. 
 

e. Compute mode 
There are 2 different ways to calculate ratios: 

1. Area: Area under the fragment curve is chosen to determine peak intensity.  
2. Height: Peak height is chosen to determine peak intensity 

“Area”=is set as the default mode. 

f. References 
There are 3 different ways to select reference(s) sample(s): 
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1. Manual: Select manually samples that will be used as reference for R2 calculation. 
Click the “Manual” Button in “Reference selection” box to select this mode (Figure 
25). Then tick on the box(es) of “R” Column in order to select sample(s) you want to 
use as reference(s) (Figure 24). Only fragments that are considered as “Normal” for 
point mutations will be used as reference. 

2. All: In this mode, all fragments that are considered as “Normal” for point mutations 
will be used as reference. It is preferable to use this mode when the gene screened as a 
low LSR occurrence and the number of analyzed sample is relatively high. To select 
this mode click the “All” Button in “Reference selection” window (Figure 25). 

3. Auto: In this mode, Emmalys will automatically select the reference samples. In a first 
step Emmalys will select the same samples as in the “All” option. Fragments with R2 
over 1.1 or bellow 0.9 are excluded then Emmalys calculate a new R1R. The operation 
is repeated until no reference fragment has a value over 1.1 or bellow 0.9. 

“Auto” is the default mode. 
The selected references samples are identified by “r” on the right of the colored boxes and are 
included in a group from which the R1R ratio will be calculated for all the analyses. Then, R2 
value will be calculated for each sample using R1R previously determined.  

 
 

 
Figure 25- LSR options 

g. LSR results 
Duplicated and deleted samples are highlighted in red and orange respectively (in the figure 
24: a deletion on lane 8 and a duplication on lane 13). Normal samples are highlighted in 
green whereas saturated or low intensity peaks are highlighted in grey and can’t be used for 
LSR analysis. If internal control is saturated or low, no fragment in this multiplex will be 
analyzed.  
 
If you don’t want to analyze LSR for some fragments you can untick the apply box on top of 
the fragment column. If internal control column is unticked, the other fragments won’t be 
analyzed. 
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h. Polymorphism clustering. 

Polymorphism clustering allows to analyze fragment with the same polymorphism as a group 
for large rearrangement analysis 

Polymorphisms have to be identified and sorted by group (polym 1, 2, 1+2). This has been 
previously performed in the result window. 
The minimal number of samples present in the polymorphism group has to be defined (default 
value : 3) and can be modified in the “Nb Polym clustering” box. Above this number, samples 
with polymorphism are analyzed together but separately from other samples. Below this 
minimal number, polymorphism will be included in the global analysis.  This function is 
applied to all fragments by default. However, if you don’t want to apply this function to all 
the fragments, it is possible to untick some columns. In the case of polymorphism clustering  
for a fragment of interest, a reference curve is selected in this group of polymorphisms. 

 

i. Display 
Normalized peaks are displayed in the bottom window (Figure 24). Emmalys automatically 
select the sample that has its R2 the closest to 1.00 as reference sample for display (red curve). 
If no such sample exists no curve is displayed in the bottom window. 
IC peak is selected as normalization peak. The name of the clustering group is highlighted in a 
blue box near the curve traces (Figure 24). 
 

j. Results exporting 
 
When clicking on “export results” button, R2 values obtained for each sample and each 
fragment are exported in a text file. One column is generated per fragment. 
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XII. Project 
 

a. Overview 
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b. Save project 
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Figure 26- Saving projects 

 
We recommend that you save mls file in a parent folder of the one that contains .fsa files or in 
the same folder. Then if you want to move the .mls file .fsa files will also move and the path 
between .mls and .fsa will not change. 
 

c. Open project 
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