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Abstract

This protocol follows from the "Basic Analysis Protocol" and is the first step towards analyzing your data using

Hidden Markov Modeling. In this protocol, you select traces containing features that you wish to analyze using

Hidden Markov Modeling and isolate only the regions of interest from each of the traces.

Troubleshooting
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1 After generating a catalog of traces that you consider worthy of further analysis and

saving these traces to your "GoodOnes.txt" file for a given directory (as described in the

"Basic Analysis Protocol") you will have the opportunity to measure specific parameters

in your traces by manually selecting regions of interest in each trace for downstream

analysis.

2 For the purposes of this protocol, I will be using the following traces and GoodOnes.txt

file:

Example_Analysis.zip

3 For the purposes of this protocol, I am interested in determining the time between FRET

events in my traces and the duration of the FRET events. Because of this, I will select the

region of interest as the region between two distinct FRET events, as described below:
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4 You can select your region of interest using one of the following programs:

TTimesALEX4.py - Use this program if you have generated traces from an ALEX movie.

TTimesALEX4.py

TTimes5b.py - Use this program if you have generated traces from a non-ALEX movie.

TTimes5b.py

Functionally, these programs are exactly the same. They both take your GoodOnes.txt

file as input and then read in each trace in your GoodOnes.txt file and allows you to

select specific regions of the traces for further analysis.  The TTimesALEX4.py program

simply generates an additional space in each plot to display the signal intensity that

comes from the direct excitation of the acceptor fluorophore that you obtain from ALEX

measurements.

Note that for these programs to work, you need to have your GoodOnes.txt file in the

same directly as your traces of interest, as shown in the image in Step 2 of this analysis

protocol.
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5 To run these programs, simply open them in Spyder (or your preferred Python IDE) and

enter the path to the pair profiles that you want to analyze between the " " for the path

variable, as shown below:

To run these programs, simply open them in Spyder (or your preferred Python IDE) and

enter the path to the GoodOnes.txt file and traces that you want to analyze between the "

" for the path variable, as shown below:

Note that you also need to change the frame interval used in the program to match the

frame interval that you used in your experiments. For example, for these example traces I

used a frame interval of 40 ms. Because of this, I will go to Line 81 of the program and

change the "dt" variable to equal 0.04, as shown below:
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6 Then you simply run the program by clicking the green triangle button on the top bar of

the Spyder tool bar and the program will begin processing your files. You can see the

program's controls in the IPython Console in the lower right corner of the Spyder IDE, as

shown below:

Once you run the program, you will see a window pop up that contains the plotted traces

(shown individually) that are contained in your path directory and are contained within

the GoodOnes.txt file. You will also see the controls for the program in the IPython

Console in the lower right hand corner of the IDE:
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(S)ave: Saves the selected trace and selected region of interest into an external file

(SavedData.csv)

(R)evisit: Not relevant for this analysis.

(B)ack: Moves the index backwards by one index so that you can see the previous trace.

(G)oto: Allows you to enter in a trace index and go to that index automatically without

having to view every trace one at a time. For example, to go to the fifth trace in your

directory, you would simply press "G" and then enter the number "5" in the prompt that

appears in the IPython Console.

(C)lick: By entering "C" into the IPython Console and pressing enter, you are able to

manually interact with the trace that the program is displaying. 

(Q)uit: By entering "Q" into the IPython Console and pressing enter, you can quit the

program.

I recommend dragging the IDE to the right hand of the screen and dragging the trace plot

to the left hand of the screen. It will make it easier to cycle through the traces quickly.

7 As stated previously, for the purposes of this analysis, we want to select a region of

interest in each of the displayed traces for further analysis. To do this, simply enter "C"

into the IPython Console while the program is running and click "Enter". This will allow

you to interact with each of the traces contained within your GoodOnes.txt file

individually:
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Once you enter "C" into the console and click "Enter", you will notice that the system

exits the program and that the plot of you trace becomes available for you to interact

with. The two options available to you in the plot that are most useful are the magnifying

glass that allows you to zoom into your plot and the movement key, which is positioned

immediately to the left of the magnifying glass. The movement key allows you to scroll

through the trace as necessary.

8 Once in this state, the program allows you to RIGHT CLICK the selected plot four times.

Each click will save the position of the click into an external output file (SavedData.csv).

The clicks that you do represent the following information:

Right Click 1: The leftmost boundary of your region of interest

Right Click 2: The rightmost boundary of your region of interest

Right Click 3: The photobleaching time of your sensitized emission signal

Right Click 4: The photobleaching time of your donor emission signal

For the purposes of this analysis, we will not be assigning values to Click 3 or Click 4.

Only Click 1 and Click 2 are necessary for this analysis.

9 Therefore, to select my region of interest, I will first zoom into my plot and right click the

FRET event that will mark the leftmost boundary of the region of interest, as shown

below by my mouse cursor:

Once you have clicked the leftmost boundary of your region of interest, you can see that

the information for the click (index and time of the click in the trace) appears in the

IPython Console, as marked by the red box.
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10 Next, I need to select the rightmost boundary of my region of interest and so I will scroll

through my trace (still zoomed in) and find the rightmost FRET event that I am interested

in. I will then right click the event, as shown below by the red circle in the plot:

As stated above, once you have clicked the rightmost boundary of your region of

interest, the information regarding the click will appear in the IPython Console, as shown

in the red box in the above image. Additionally, it is important to note that when you are

scrolling through your plot to find the different regions of interest (scroll by left clicking

and dragging the plot), the information for where you are left clicking will also appear in

the IPython Console (as shown in the orange box in the above region). This information is

not important and is not stored or used in future analysis. It is just displayed in the

console.

11 Once you have selected your leftmost and rightmost boundaries for your region of

interest, you can re-initiate the program by clicking the green triangle button on the top

bar of the Spyder tool bar, as highlighted by the red circle in the below image:
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You will then see that the IPython Console has started functioning again as it was before

you clicked "C" to interact with your plot.

12 To save the "clicked" data to an external file for your trace, you then want to input "S"

into the IPython Console and press "Enter", as shown below in the red box:

13 Once you press "Enter", the program will save your clicked data and move onto the next

trace. You can then repeat this process for each of your traces. Note that, depending on

your analysis and the number of traces that you need to analyze, this process can

become extremely time consuming.
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Once you have finished with your traces, simply type "q" and press "Enter" to exit the

program.

14 Once you have finished, you can then go to the directory that contains your

GoodOnes.txt file and your traces and you will see two new files:

1. SavedData.csv: Contains all of the information from each click for each of your traces.

2. LastI.txt: Contains information on the last visited index that you were on prior to exiting

the program.

15 When you open the "SavedData.csv" file, you will see the data in the following format:
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Note that normally, the program does not include column headings, but I have included

them here to show the data that each column contains, as described below:

Index: Index of trace (Python uses zero-based indexing, meaning the first file or trace

will have an index of 0 while the second trace will have an index of 1, etc.)

File Index: The actual position of the file or trace that you are looking at. The first file that

python reads in will have a file index of 1, while the second file will have a file index of 2.

Click 1: The frame of your recording that you selected as your leftmost boundary for your

region of interest. To convert frames to an actual time (in seconds), simply multiply the

number here by you frame interval (0.04, in this practice protocol).

Click 2: The frame of your recording that you selected as your rightmost boundary for

your region of interest. To convert frames to an actual time (in seconds), simply multiply

the number here by you frame interval (0.04, in this practice protocol).

TaccE (Click 3): The frame of your recording at which your acceptor fluorophore

(sensitized emission) undergoes photobleaching or loss of signal.

TdonE (Click 4): The frame of your recording at which your donor fluorophore undergoes

photobleaching or loss of signal.

AvFRET_0-Click1: The average FRET value between the start of your trace and the

position of Click 1 (the leftmost boundary of your ROI).
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AvFRET_Click1-Click2: The average FRET value between the position of Click 1 (the

leftmost boundary) and Click 2 (the rightmost boundary).

AvDonBTaccE: N/A

AvDonaTacce: N/A

AvAccbTaccE: N/A

AvAccaTaccE: N/A

filename: The filename of the trace associated with the data in the other columns for a

given row. 

Note that TaccE and TdonE are useful information to have for some applications, but they

are not necessary for what we are covering in this practice protocol. If you don't

explicitly make a third and fourth click for each trace, it will simply autofill with an

automatically generated value. 

16 Once you have your "SavedData.csv" file, you can move on to further analysis using

ebFRET or a similar Hidden Markov Modeling software package.
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