€3} protocols.io Partof SPRINGERNATURE

Feb 17, 2023  Version 2

€Y Selecting a Region of Interest for Hidden Markov Modeling using ebFRET
V.2

DOI
dx.doi.org/10.17504/protocols.io.rm7vzbb75vx1/v2

Clark Fritsch1

University of Pennsylvania
Clark Fritsch
Johns Hopkins University

Create & collaborate more with a free account

Edit and publish protocols, collaborate in communities, share insights through comments, and
track progress with run records.

Create free account

OPEN a ACCESS

DOI: https://dx.doi.org/10.17504/protocols.io.rm7vzbb75vx1/v2

Protocol Citation: Clark Fritsch 2023. Selecting a Region of Interest for Hidden Markov Modeling using ebFRET. protocols.io
https://dx.doi.org/10.17504/protocols.io.rm7vzbb75vx1/v2Version created by Clark Fritsch

License: This is an open access protocol distributed under the terms of the Creative Commons Attribution License, which
permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited

Protocol status: Working
We use this protocol and it's working

protocols.io | https://dx.doi.org/10.17504/protocols.io.rm7vzbb75vx1/v2 February 17, 2023 1/13



https://dx.doi.org/10.17504/protocols.io.rm7vzbb75vx1/v2
https://www.protocols.io/researchers/clark-fritsch
https://www.protocols.io/researchers/clark-fritsch
https://www.protocols.io/researchers/clark-fritsch
https://www.protocols.io/researchers/clark-fritsch
file:///sign-up
https://dx.doi.org/10.17504/protocols.io.rm7vzbb75vx1/v2
https://dx.doi.org/10.17504/protocols.io.rm7vzbb75vx1/v2
https://dx.doi.org/10.17504/protocols.io.rm7vzbb75vx1/v2
file:///researchers/clark-fritsch
https://creativecommons.org/licenses/by/4.0/
https://www.protocols.io/
https://www.protocols.io/
https://dx.doi.org/10.17504/protocols.io.rm7vzbb75vx1/v2

€3} protocols.io Partof SPRINGERNATURE

Created: February 17, 2023
Last Modified: February 17, 2023

Protocol Integer ID: 77154

Keywords: hidden markov modeling, using hidden markov modeling, ebfret this protocol, using ebfret, basic analysis protocol,
trace, protocol, containing feature, region

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, | will be using the following traces and GoodOnes.txt

file:

&~ we ¥ » This PC > Desktop > Bxample_Analysis

# Quick access
@ OneDrive - Personal
8 This PC

¥ Network

Name "

=| GoodOnes.txt

E:-I s0201 tiff-pairProfile 138-ck.csv
@ 50201 tiff-pairProfile231-ck.csv
Eﬁ 50201 tiff-pairProfile287-ck.csv
E.j 50201 tiff-pairProfile528-ck.csv
@‘I s0201.tiff-pairProfile541-ck.csv
B_j 50201 tiff-pairProfile658-ck.csv
@] s0201.tiff-pairProfile830-ck.csv
‘ﬂ 50201 tiff-pairProfile844-ck.csv
‘.E:-I s0201 tiff-pairProfile939-ck.csv
Hj 50201 tiff-pairProfile1080-ck.csv
Eﬁ 50201 tiff-pairProfile 1197-ck.csv
ﬁj 50201 tiff-pairProfile 1561-ck.csv
@‘I s0201.tiff-pairProfile 1709-ck.csv
B:] 50201 tiff-pairProfile 1852-ck.csv
@ s0201.tiff-pairProfile2360-ck.csv

=| Trace_Information.txt

Example_Analysis.zip

3 For the purposes of this protocol, | am interested in determining the time between FRET
events in my traces and the duration of the FRET events. Because of this, | will select the
region of interest as the region between two distinct FRET events, as described below:

Date modified
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Region of Interest
T T
L
m —‘ H H H H H
(W
Time (sec)
Questions:

1. What is the lifetime of each FRET event in the region of interest?

2. What is the time between each FRET event in the region of interest?

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.

B3 TTimesALEX4.py

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

E 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:

@ Spyder (Python 37) - x
e Run Debug Consoles Projects Tools View Help
PEBRG ME=EcEhr B B £ € > [cundek Ve 4

esktop\Programs|Python. Scrpts\TTimesSb.py 8% hep 8x

New to Spyder? Read our tutorial

o | Fleeporer  Help

o2 s

3 = x

o le /A €1 L A)

Python 3.7.4 (default, Aug 9 2019, 18:34:13) [MSC v.1915 64 bit (AND64)] a
ht", "credits” or "license” for more information.

Type "copyrig

TPython 7.8.0 - An enhance

eractive Python.

™ [1]:

v | Tython console | History log
Permissions: RW __ End-of-lines: CRLF__ Encoding: UTF-8 Line: 21 Column: 10 Memory: 96 %

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 |
used a frame interval of 40 ms. Because of this, | will go to Line 81 of the program and
change the "dt" variable to equal 0.04, as shown below:
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® Spyder (Python 37) - 8 x
File Edit Search Source Run Debug Comsoles Projects Tools View Help
OEB%E=Ee pOBRG ME=cEn B BX F£@ ¢ [cussdat Vs
Editor - C:\Users\dark\Desitop\Programs\Python.Seript\TTimessb . &% Hap 5 x
0 Trmesshoy B £ Source Consoe | Objec] oy
G5 def FindTine (var, thresh, ud) X
64 if ud > 0: Usage
65 for k in range(s,len(var)-1):
6 if (var[k] > thresh ): Here you can get help of any object by pressing Ctri+l
P Rt it . in front of i, either on the Editor or the Console.
Help can also be shown automatically after writing a left
L] parenthesis next to an object. You can activate this
for k in range(5,len(var)-1): behavior in Preferences > Help.
2 if (var[k] < thresh ):
2 N der? R tutorial
if (np.mean(var[k+1:ks5]) < thresh) Jew'to Spyrers sadour, it "
break
e Varable egiorer | Fle aplorer | Help
Bython console 5%
O comserald o
Python 3.7.4 (defeult, Aug © 2019, 18:34:13) [MSC v.1915 64 bit (AMD64)] A
Type "copyright”, “credits” or "license” for more information.
82print (“Non-ALEX time resolution = *, dt, " s")
83 IPython 7.8.0 -~ An enhanced Interactive Python.
84plt.close('all’)
n [l
file_list = gfn()
print ("Files: *, len(file_list))
3i-0
Tin fn:
open(path + "\\" + ‘LastI.txt’, 'r’)
i = int(file.readline(10))
For jnct in range(a):
04 clkTime = file.readline(10) 2
105 spl - cIkTime.split(',") | eython console | History g
Permissions: RW  End-of-lines: CRLF  Encoding: UTF-8 Line: 81 Column: 1 Memory: 89 %

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:

s . ®
o | X Figure 1 (Not Responding) - X

A $Q = o == ST
A PQ =2 NeE2=c rBBERG HEE=chH B BX F@ ¢ o 64
)1 tiff-pair Editor - :\Users\clark Deskop|Prorams\Fython_Scrpts\TTimessb.py 5% ey 5%
) TTimessb.py B3 £ Source Console + | Objec V& %
080:173.74-116.09 116 7 B
3Created on Wed Nov 6 07:02:58 2019 m
& - Here you can get help
woh: [goldkenag of any object by
- pressing Ctri# in front
i iy, 8 T of i, either on the
8 import matplotlib.pyplot as plt Cahor Gr theEoreei
< 9 import os
10 inport csv. Help can also be
11 inport. sys shown automatically
12 import re after writing a left =
13 from scipy inport signal Varable eplorer | Fle explorer telp
1
15 Fython consle 5 x
0 conssie A @ [ LY
e e i ['1080:173.74-116.09", ' &
= & 1080:426..80-116.26" ]
— Frames 8
o 21path = r"C:\Users\clark\Desktop\Exanple_Analysis” AUFRET U049, 5Kl & 0:0%2 15 1512 8
e = 566,
I 2
25 def onclick(event):
Time (s) global i
6 if (event.button L
31 int(" x<td, y=d, xdata=%.2f, y
2 event.button, event.x, event.y, event.x
. TdonE = 7186
4 | =3
o if (eZenE:button 3 C:\Users\clark\Anaconda3\1ib\site-packages
$t = int(event.xdata/dt+0.5) \nunpy \core\fromnumeric.py:3373:
7 ptm = it*dt Runtinellarning: Mean of empty slice.
38 print("Click %, Index: %, Time: %.1¢" % ( out=oirtg Fkaangs)
if (nct == 1) .
20 file = open(path + "\\" + ‘Lastl.txt’, o, amon, (Reiait; KRJack; (Rirtog
a1 file.write(str(i)+'\n') o[ (22K, (Quit: v
< > | mrtonconsoe | isorylog
Permissions: AW End-of-lines: CRLF _ Encoding: UTF-8 Line: 81 Column: 1 Memory: 81%

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.

| 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:

BR o o Tl @ spyder Python3.7) — o %

AEI Q=W
| = FS 201 tiff-pairProfile231-ck.csv
& 231:241.88-240.26, 231:496.26-239.84
1 |

e
Ee rOBRG NE==nr 0 K FPE & D msom B
\derk Deskop rogromsiytron.SerpsTTimesshpy .

£ edor- 4 5 x
03 Trimessbey B ¢ source Console ~/ Obyect] Ve &

Step 4

EDIT

Intensity

TdonE = 137

CR, (S)ave,

Yave, (R)evisit, (B)ack, (G)oto,
(Olick, i
S .

FRET

TdonE in tha

mm.i.meM W

ol

(B)ack, (6)oto,

use %tb to see

In [2]:

To||m
Fibonovss | T g

B foScRvsAB&V7jpg A [E FgilMhatAAqR-njpg A | Bl FgiMgatAMdB2zipg A | W Fgq<

Permissions: RW __ End-of-lines: CRLF__ Encoding: UTF-8 _line: 81 Column 1 Memory: 80% .
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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 1and Click 2 are necessary for this analysis.

9 Therefore, to select my region of interest, | 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:

UL s o x pB®
€ Q=+~ DB ne ZQ pOIDBG HEEEHE BR L2 & mom B4

6, s020L.tiff-pairProfile231-ck.csv P st - C\iersiclarkiDeskiop\rogramsiPyhon_ScriptsiTTimesShipy &% hel
3 Trmeshyy @

& 231:241.88-240.26, 231:496.26-239.84 [

w

step

£DIT|

Intensity

o T
o8 ‘
08 | |
- I
im
W o4
&

|
ot Nl
ool el \rwf,‘h wr’.m i ‘“,‘vvilalﬁﬁ\‘r’\\!“

A Ay
Vil
5

10 F
Time (s)

(206 rect, =863524 _y=0698524

“ Theref
) leftmost boundary of

Line: 81 Column: 1 Memory, 5%

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, | need to select the rightmost boundary of my region of interest and so | will scroll
through my trace (still zoomed in) and find the rightmost FRET event that | am interested
in. | will then right click the event, as shown below by the red circle in the plot:

%, Figure 1 o x ||®

A€ PQE=XB O EQ PHBDG HECEEnp B BX £° € 3mom 54
6, s020L.tiff-pairProfile231-ck.csv Eﬂm"[\‘&*S\dl‘é\ﬂemnpwgnm;wnm}mp(;\'numgguw 8% Wep

ax
0] Trime £ Souce Console = Object] CR-1
231:241.88-240.26, 231:496.26-239.84 W P

Intensity

520, y=440, xdata=31.52,

a1
. %=488, y=a41, xdata=46.03,
0

FRET

, %516, y-436, wiata-62.30,

’ 10 AL )','\‘}-II Mdh p P A

o [ b JUH T Ml O Al oLy

ao et R bl U e A S
2 150

28
. XSAT, y-#21, xdata-78.83,

31
160 165 5 %514, y=420, ¥data=92.02,

155
Time (s) 564, y-418, xdata=109.77,

ta=1.34
, %e576, y=397, xdata=125.68,
85

L x=457, y=422, xdata=138.37,

33
, X564, yad10, xdata:156.35,
8

, X335, y=do7, xdata=156.18,

sta-2. 54
ick 2, Tndex: 3758, T 518 |

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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4% fiowe 1

A€ Q=W
6, s0201.tiff-pairProfile231-ck.csv

Intensity

231:241.88-240.26, 231:496.26-239.84

FRET

\

oo el M

50
Time (s)

ipanizoom

You will then see that the IPython Console has started functioning again as it was before

(e Aty A

e
|DsB%= B¢ e
o - e ek O, S Timessoon

[y Trmesshor B

Created on Wed lov 6 07:02:58 2010
suthor: goldmanig

import numpy as n
import matplotlib.pyplot as plt
3 import os
10 inport csv
11 inport sys
12 inport re
13from scipy import signal

25 def onelick(event):

if (event.button == 3):

nct e= 1

print(“Click %, Tndex: %, Time: %.1F" % (| Click 2, Index: 3794, Time: 151.8
file = open(path + v txt';
File.write(str(i)+' \n") |{In (2} )
a > | Pyeecoek sy
| Run file Permissions' RW __End-of-lines: CRIF _ Encoding: UTF-8 Line: 81 Column: 1 Memory: %7 %

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"

global i
0 if (event.button =
print("button=%d, x=%d, y-%d, xdate=¥.2f
event button, event.s, event.y,

Wl BX FA €D B
2% ep ax
2y SourceConsole = Object BrE:Y

1path = r"C:\Users\clark\Decktop\Exanple Analysic”

Here you can gef hefp
of any object by
pressing Ctrb+ in front
of t, aither on the
Editor of the Cansole.
Heip can alsa be

shown automatically
after writing a left

Veriabie exglorer ¥ explorar help

Fython coneole ax

] Console /A B} | 43
T |

button-1, %-520, y-040, xdats=31.52,

button-1, x-489, y-a41, xdata-46.03,
-1.70

button-1, x-516, y-436, xdata-62.30,

button=1, x=547, y=421, xdatas78.83,

button=1, x=514, y=420, xdate=92.02,

button=1, x=564, y=A18, xdates109.77,

button=1, x=576, y=397, xdata=125.68,
ydata=1.85
buttons1, x=457, y=A22, xdsta=138.37,
ydata=2.33
button=1, x=564, y=410, xdata=156.35,
ydata=1.82
buttons1, x=335, y=A22, xdata=156.19,
ydato=2.04

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

AED PAE
6, s0201.tiff-pairProfile231-ck.csv

231:241.88-240.26, 231:496.26-239.84

Intensity

A o
i 1

Time (s)

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.

@ Spyder (Python 3.7) = o X

File Edit Search Source Run Debug Consoles Projects Tools View Help

Oe2.=0 rOBRG HEEERE BR FO €3 hnoms B4
Edtr - e Besopresramsiython St TenesSoy s ax

03 Tesshor O

Created on Wed llov 6 07:92:58 2013
gauthor: goldman3g

7 import numpy as np
import matplotlib.pyplot as plt
1 import o5

10 import csv
import sys

2 import re

13 from seipy import signal

25 def onclick(event):
gloval i

if (event buttor

print{*butt

event. b

if (event.button == 3):

it = int(event, xdata/dt+0.5)

ptm = it*dt
print("Click %, Index: %d, Time: X,
if (net == 1)

File = open(path + "\
v file.write(str(i)+ \n')

protocols.io | https://dx.doi.org/10.17504/protocols.io.rm7vzbb75vx1/v2

1path = +"C:\Users\clark\Desktop\Exanple_Analysis®

" (R, (S)ave, (Ryevisit, (Back, (@ats,
v |LYick, (@uit: 5 v

>

& source Console ~ Ovgect] & &

Hare you ean got help

of any object by

pressing Ctrl+ in front

of i, either o the

Editor or the Gonsole

Help can alsa be

shown automatically

after wiiting a left -
Varsble eglrer  Fie el il

Fython cnscle &%
£3 console A B | &3
[FIzesT 15 TR S

Stored click times:
1,T-27

2, 12 = 6250
PairProfile files: 15

Good Ones:
Hunber of Good Ones = 15
No-ALEX time resolution = 0.84

i=6, fileindex = 7, nct =@

Full file name = C:\Users\clark\Desktop
\Example Analysis\s0201.tiff-
pairprofile2sl-ck.csv
['231:241.88-240.26", '
231:496.26-239.84']

Frames: 7188

AVFRET = 0,031, Std = 0.061 in 15t 3 5
2= 625

T1- 217 from click

AVFRET 0-T1 = 0044, AVFRET T1-12 = 0.075
Tocck = 22

Tdone = 137

Python conzols_ Hetory log

Permissions: RW  End-of-fines; RUF  Encoding: VT8 Line; 81 Columny 1 Memory; 72%
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Once you have finished with your traces, simply type "g" 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. Lastl.txt: Contains information on the last visited index that you were on prior to exiting
the program.

= | Example_Analysis X

“ 4 1 > ThisPC > Deskiop > Example Analysis

GoodOnes xt
@ OneDrive - Persona Lastint
T & s0201.1f-pai
B9 02014
& Network B 02014
B 502014

15 When you open the "SavedData.csv" file, you will see the data in the following format:
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@ Auosae @07) B SovedDatacsy v £ search (Alt+Q) ki @ ® £ - o x
File Home Insert Pagelayout Formulas Data Review View Help © Comments
5B e o BEE Tty O
e B0 m e $+% 94 nset Detete Fomat | (1P Son& Finde  Anabze
e VY OCear e~ Selectv Data
Udo | Clboard 15 ont ® Aignment Numbes 1 ding v
28 = I =
A e Ne b e e G H ) K L M N o P a R s T a
1 index File Index Click 1 Click 2 TaccE TdonE AVFRET_O-Clickl AVFRET._Click1-Click2 DonaT: TaccE filename
2| 6 7 215 658 22 137 0.047 0.076 nan 326 nan 0.13 s0201.tiff-pairProfile231-ck.csv
3| o 1 565 2828 35 7186 0014 0.039 nan 3.43 nan 0.06 50201.tiff
4 1 2 15 614 63 1205 0.058 0.103 3.43 213 04 0.23 50201t
5| 2 3 e 573 36 7 0032 0.038 nan 6.9 nan 0.21 50201.tiff
6| 3 4 s 2658 55 7186 0.07 0077 207 258 036 0.44 50201.tiff
7| 4 5 360 3206 15 5 0257 0 nan 072 nan 024 s0201.1ff-
8| s 5 36 7028 19 7186 0.027 0.071 nan 468 nan 0.06 50201t
9 7 8 330 1158 34 1749 0.087 0.134 nan 233 nan 0.35 S0201.tiff
0 s 9 108 a0ss 3 275 0021 0.036 nan 452 nan 0.24 50201.tiff
nl s 10 8 502 18 1854 0027 0.082 nan 195 nan 0.13 s020Ltif-
2 10 1 18 2870 18 4301 0.034 0.05 nan 43 nan 0.26 50201.tiff
B n 12 s 2638 36 3142 0.044 0.056 nan 477 nan 0.47 S020Lif-
1l 13785 53 5 3768 0025 0.026 nan 5.98 nan 0.15 50201.tiff
5 13 14 277 302 29 a1 -0.009 0.061 nan 35 nan -0.14 s0201.1ff-
16| 1 15 60 2141 45 4086 0052 0079 nan 319 nan 0.43 50201.tiff-paicProfile939-ck.csv
17
18
19
20
21
2
23
2
25
%
27
2| i
> SavedData | (3)
Ready % Accessiiy: Unavalble ® Mmoo oo

Note that normally, the program does not include column headings, but | 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 O 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_O-Clickl: 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.

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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