User Guide for reclassifying localisation microscopy data

This is the user guide for the Random Forest post processing method for localisation microscopy
data. We're going to show all our demonstrations using Matlab R2014a, installed on a Linux Ubuntu
14.04 operating system. Some of the menus may look a bit different if your operating system or
version of Matlab is different, but the functionality is the same.

Things you need to do/know first:

¢ Perform your PALM/STORM experiment.

e Save the image sequence as a series of individual images in their own folder somewhere.
Note that this technique cannot currently examine .tiff image stacks or .nd2 files — you need
to separate them out into individual images. If your microscope software will not do this for
you, you can use ImageJ or Fiji to export your data (you may need a package such as
Bioformats Importer to import your files).

¢ Analyse the results using a localisation algorithm, and save the fluorophore positions in a
.csv file. This .csv file must contain an X and Y co-ordinate for each localisation, as well as
the number of the frame in the time sequence where the localisation took place. Almost
all localisation algorithms supply this information. (Example data and an example .csv file
are provided in the directory which contains your software, in the subdirectory
example_images).

* You need a working copy of Matlab with the Statistics and Machine Learning toolbox

installed.
o You'll need some time to sit and label a number of localisations for the Random Forest

classifer to be trained with.

To start with, you need to open Matlab.
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Once you've opened Matlab, you need to change directory into the folder in which the supplied .m
files have been stored. This can be done using the cd (change directory) command. In the example
shown the directory with the software is pat/DATAPART?2/sampling_paper/software/, but yours will

be different.
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There should be 7 files in there:

e START.m

e label_samples.m

e make features_from scratch.m

® run_training.m

® stratisample.m

® (rain_tree.m

e display_results.m

e DISPLAY.m
There will also be a directory called example_images. This contains 26000 images (analysed data
presented in the paper). The name of the first image is img00000.tiff and the rest are numbered
sequentially. There is also a file of localised molecule positions, thunderstorm.csv.

To start, you just need to run START().
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The first thing which will happen is a window will pop up, like this:
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It's probably not going to be the right size to read clearly, so you can change that by dragging the
corners like normal:

Figure 2: Initialise folders, etc
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Each of the buttons in this window corresponds to some piece of information the algorithm needs.
Let's start at the top and click 'folder location'. That should open a popup window like this:
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This is asking for the folder in which the images you analysed using super resolution are stored.

As a slight digression, let's take a quick look at what I've got stored in that folder:
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© Recent . img10001.tiff 4.4kB Image 17 0ct 2014 6Jun “TWXTWXTWX
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[ Desktop
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This folder is full of the images which were analysed by the localisation algorithm. This is because
the random forest classifier has to go back to the raw data to get enough information to perform its
classification — it can't just work on the localisations alone. Note also that each image is saved as a
separate file, there must be no other images in that folder with the same file extension, and the
images must be in order (so the first image in the folder is the first image which your localisation
algorithm analysed).

We'll go back to Matlab now:
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When you've found the correct folder, highlight it and click 'Open'. I'm going to select
example_images. The popup window will disappear, and the window with lots of buttons will look
something like this:

Figure 2: Initialise folders, ektc

File Edit \iew Insert Tools Desktop Window Help o

.. /media/pat/DATAPART2/sampling_paper/software/example_images |

T Select type of image, E.G. tiff

. . E.G. 160
Pixel size

. Select .csv file of localisations, E.G. My_Documents\my_image_folderlocalisations.csv

csv fila datails Specify .csv details (column containing x co-ord, column containing v, units, etc)

Mum to label Select how many samples you want to label, E.G. 900

Num of traas Select how many trees you want the algorithm to train, E.G. 300

T Save results in a .mat file, E.G. E.G. My_Documents\my_image_foldermy_results.mat

. . B B B B B B

As you've selected a folder, the text next to that button has gone bold, and tells you which folder
you've selected (in case you want to check you've got the right one).

The next button down sets the image extension. Click it and this should happen:
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A new popup window asks what kind of images are stored in that folder. My images are all saved as
tiff, so I'll leave it on the default and click 'OK'. Note that when you do this, Matlab will check the
folder it's expecting to find the images in and make sure it can find at least one image with your
chosen file extension. If not, you get an error box like this:
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If you see this, check you've selected the folder with your images in, and used the right file
extension (remember that Matlab will treat ".tif' and ".tiff' as being different).

The next button let's us set the pixel size. Click it and this happens:
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This is asking for the size of the pixels in nm. We need this information as some localisation
algorithms return estimated fluorophore positions in nm, so to correlate this with the image
information, we need to be able to rescale appropriately.

The next button asks us to select the .csv file in which the localisations are stored. Another popup
window will appear, asking you to select a file.
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Most localisation algorithms I use give the option to save the results in a .csv file. If yours doesn't,
then so long as you can read them into Matlab somehow you can use the csvwrite() function to
create your own .csv file.

I've used ThunderSTORM as my localisation algorithm in this case, and saved the results in
thunderstorm.csv in the same folder my raw images are stored in. So I'm going to select that and



click 'Open'.

The next button is going to let us set some details about how the data is stored in the .csv file. Click
it and you get something like this:
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This is where you tell the classifier which columns in the .csv file store the information it needs. If
you've created your own .csv file, or use this particular algorithm a lot, then you probably know
this. If not, then no problem — let's just open the .csv file and take a look. I'll navigate to the folder

my .csv file is in and find it:
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The file T want is thunderstorm.csv. Double click this and it should open. Excel, Libre Office, gedit,
notepad, etc can all open .csv files. My computer will open it using Libre Office:
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r . csvflelocation | e R U E e B s 5 1 3939310190715 4476.9505480105 102.3032055573 61552464316 02222572439 0.1902954957 62.0486595607
= 7 1 4275.5737884314 5256.0502448781 62.2296623282 5.112038168 02227883549 0.247489627 _56.28437621
——— ‘Specify .csv details (column containing x co-ord, column containing y, units. etc) 8 1 4492.9365011702 7274.4825087251 96.4304833021 62070153816 02266067591 01628892305 582057494551
L cwiisdenls | o 1 4706.8052377358 3928.8421447777 84.4911210121 o765 02252208493 0.2043712423 _53.5813454648
[ 10 1 4897.0301128854 6328.6118660421 1. 73.8686775944
= T—— Select how many samples you wart to label, E.G. 900 11| 1 5345018320174 4017.7418070956 750120926720 45105860832 02850825555 0.3758678287 _56.4246149964
7 — 12 1 6024.3917475178  3716.803260879  98.9451463284 5.9582611184 0.3209095477  0.3612372479  63.1677636541
. 13 1 5628945880091 6726.3223905715 554100517704 63256777244 02562804364 02551122047 _36.3735565363
Num of trees | A S R 14 1 5056401312654 2836183281414 260.5731050777  10.9007773264 0140134501 0.3985500254 935209444151
15 1 6211967850791 5281.1850875607 1858482616620  10.4246181018 01622152576 0.205792484 _85.9106502397
. Save results in a .mat file, E.G. E.G. My_Documents\my. image_foldenmy_ results.mat 16 1 6031.8708050426 2088.7269758863 92.7048237811 7.6112078775 0.3840804912  0.4326695689 52.6584126707
s é . saveresuts | 2 imegert & 17 1| 6024.9096069015 3719.5045795245 869377720956 4.7279067255 04571556755 0.4443820863 643734158724
i s 1 6380.6982435903 5262.0116057113 182.2073639393  10.5808389831 0.20075012  0.2509103563 841755725447
- = D) 1 7004371034751 3540.1341346921 66.0326058676 45361068831 04866775177 0.5476164431 516218976231
20 1 6901.0939577003 3495904908991 2063662832746, 13.9005465706 0.1815182506 0.3702261620 _86.8557782218
21 1 7278.1271344383 7083.6648302343 275.0179502996. 13 8584331133 01774804103 0.3423209226 120.4002776713
g = 1 7422.0842030653 6212.8970122349 229.4880697142  11.3386898888 0.2275028646  0.2886698521  106.030319953
1 7424435735411 6851.0603107353  77.719690895. 62.2070625864
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And it looks like that. Let's just zoom in on the top right hand corner:
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The first piece of information we need is how many columns are in the file. This is to help Matlab

B - -

Liberation Sans

e =il === = M A =i =l =i = = = = =l = =M = = =l =

v

v
L

fo X

10

v

C

By EEe S
A

>
4 A

frame

D

o B - &

E

;1-"2 2"'9

B

%

F |

o0
o

G

é.40
= -

| H |

. B
o]

2987.0521494487
3123.3912049866
3789.3372063947
3815.3161917066
3939.3101909715
4275.5737884314
4492.9365011702
4706.8052377358
4897.0301128854
5534.5018329174
6024.3917475178
5462.8545889091

5956.401312654
6211.9678597991
6031.8708950426
6024.9096669015
6380.6982435903

7094.371034751
6901.0939577003
7278.1271344383
7422.0842030653

y [nm]
4476.8145876014
7138.1448802176
6003.7303432509
7537.9941947525
4476.9505480105
5256.0502448781
T274.4825087251
3928.8421447777
65328.61186604.
A4017.741

3716.8032608

6?26.322390@ Hows many columng does the csy folder have?
2836.1832814 E

sigma [nm]
100.280487836
112.1953935575
72.0592184005
46.7938545835
102.3032955573
B2.2296623282
96.4304833021
84.4911219121

intensity [photon] offset [photon]

6.0584150568
6.9901743815
3.9913642551
2.8203389083
6.1552464316

5.112038168
6.2070153816

5.840766688

0.1785376503
0.2075505884
0.2172495561
0.3262347942
0.2222572439
0.2227383549
0.2266067591
0.2252208493
D.2769240351

.2850825555

| D.149134591

5281.18598758
2988.72697588
3719.54457952:

5262.0116057113 .

3549.1341346921

1622152576

4571556755
0.20075012

66.0326058676

3495.904908991 206.3662832746
7083.6648302343 275.0179502996
6212.8970122349 229.4880697142

4.5361068831
13.9005465706
13.8584331133
11.3386898888

0.4866775177
0.1815182596
0.1774804103
0.2275028646

parse it later. We can see there are 8 columns, so enter that and hit 'OK":

bkgstd [photon]

0.1591149401
0.2394008085
0.2236926048
0.3478904712
0.1902954957

0.247489627
0.1628892305
0.2043712423
0.3947405214
0.3758678287
0.3612372479
0.2551122047
0.3985500254

0.225792484
0.4326695689
0.4443820863
0.2509103563
0.5476164431
0.3702261629
0.3423299226
0.2886698521

uncertainty [nm]
61.1583723268
63.9470478642
56.740740907
48.7934216037
62.0486595607
56.28437621
58.2957494551
53.5813454648
73.8686775944
56.4246149964
63.1677636541
36.3735565363
93.5209444151
85.9106592397
52.6584126707
64.3734158724
84.1755725447
51.6218976231
86.8557782218
120.4002778713
106.030319953




Next,we need to know which column has the
the second column, to set it to 2 and hit 'OK".

B Ll (i = el e il e L e el el el LA el

3

3123.3912049866
3789.3372963947
3815.3161917066
3939.3101909715
4275.5737884314
4492, 9365011702
A4T706.8052377358
4897.0301128854
5534.5018329174
6024.3917475178
5462.8945889091

5956.401312654
6211.9678597991
6031.8708950426
6024.9096669015
6380.6982435903

7094371034751
6901.0939577003
T278.1271344383

TATT NOAINDNEED

7138.1448802176
6003.7303432509
7537.9941947525
4476.9505480105
5256.0502448781

112.1953935575
72.0592184005
46.7938545835

102.3032955573
82 2296623282

6.9901743815
3.9913642551
2.8203389083
6.1552464316

5.112038168

0.2075505884
0.2172495561
0.3262347942
0.2222572439
0.2227883549

0.2266067591
0.22522028493
0.2769240351

0.2850825555

| 1184 0.3290095477

244 0.2562804364

Ok J Cance” 32 0.149134591
1018 0.1622152576

2988.7269758863
3719.5445795245
5262.0116057113
3549.1341346921

3495.904908991
7083.6648302343

£917 0OTN127240

92.7048237811
86.9377229556
182.2073639393
66.0326058676
206.3662832746
275.0179502996

90 A0ONENTEAD

7.6112078775
4.7279087255
10.5808389831
4.5361068831
13.9005465706
13.8584331133

11 2208000000

0.3840804912
0.4571556755

0.20075012
0.4866775177
0.1815182596
0.1774804103

N ANTEATORAR

0.2394008085
0.2236926048
0.3478904712
0.1902954957

0.247489627
0.1628892305
0.2043712423
0.3947405214
0.3758678287
0.3612372479
0.25561122047
0.3985500254

0.225792484
0.4326695689
0.4443820863
0.2509103563
0.5476164431
0.3702261629
0.3423299226

N J0oRRMOEDT

Em- A EsE V(Y % EE- A @i & 4 ©®
Liberationsans |~ | |10 |=| & 4 A o TE - El -
v | feo 2 = |frame
B C D [ E [ F G H
rame |x [nm] y [nm] sigma [nm] intensity [photon] | offset [photon] bkgstd [photon] uncertainty [nm]
7987.0521494487 4426.8145876014 100.280487836  6.0584150568 0.1785376503  0.1591149401 61.1583723268

63.9470478642
56.740740907
48.7934216037
62.0486595607
56.28437621
58.2957494551
53.5813454648
73.8686775944
56.4246149964
63.1677636541
36.3735565363
93.5209444151
85.9106592397
52.6584126707
64.3734158724
841755725447
51.6218976231
86.8557782218
1204002778713

18 ADND100ED

X co-ordinate of the localisations. In this file, that's

L - LY %o
B -w &2 2asd v 883 @84 @
Liberationsans |v|[10 |v| & 4 A I - El -
Al v fle 2 = |frame
- B | C | D | E | F | G | H |
frame Jx [nm] y [nm] sigma [nm] intensity [photon] offset [photon] bkgstd [photon] uncertainty [nm]

2 1 2987.0521494487 4426.8145876014 100.280487836 6.0584150568 0.1785376503  0.1591149401 61.1583723268
3 1 3123.3912049866 7138.1448802176 1121053935575 69001743815 0.2075505884  0.2394008085 63.9470478642
4 1 3780.3372063947 6003.7303432500 72.0592184005 3.9913642551 0.2172495561  0.2236926048  56.740740007
5 1 3815.3161017066 7537.0941047525 46.7938545835 2.8203389083 0.3262347942  0.3478004712  48.7934216037
6 1 3930.3101009715 4476.0505480105 102 2032955572 6.1552464316 0.2222572430  0.1002954957  62.0486505607
7 1 4275.5737884314 5256.0502448781 82 2295623282 5.112038168 0.2227883540  0.247480627 56.28437621
8 1 4492.9365011702 7274.4825087251 06.4 Specify .csv 3/6 p 0.1628892305 58.2057404551
£l 1 4706.8052377358 3028.8421447777 84.49 0.2043712423  53.5813454648
10 1 4897.0301128854 6328.6118660421  98.04 wp i cojumn has the v co-ordinates? 0.3947405214  73.8686775944
11 1 5534.5018329174 4017.7418079956 75.01 | 0.3758678287  56.4246149964
12 1 6024.3917475178| 3716.803260879 98.94 Z 0.3612372479  63.1677636541
13 1 5462.8945889091 6726.3223905715 55.41 OK cancel| 36 0.2551122047  36.3735565363
14 1  5956.401312654 2836.183281414 260.57 149134501 0.3985500254  93.5209444151
15 1 6211.9678597991 5281 1850875897 185.8487816620 0 ZGTEI0TENGI1622152576  0.225792484  85.9106502397
16 1 6031.8708950426 2988.7269758863 02.7048237811  7.6112078775 0.3840804912  0.4326695689 52.6584126707
17 1 6024.0096660015 3719.5445795245 86.9377229556 4.7279087255 0.4571556755  0.4443820863 64.3734158724
18 1 6380.6982435903 5262.0116057113 1822073639392  10.5808389831 0.20075012 0.2509103563 84.1755725447
19 1 7094.371034751 3549.1341346921 66.0326058676 4.5361068831 0.4866775177  0.5476164431 516218976231
20 1 6901.0939577003 3495.904908991 206.3662832746  13.9005465706 0.1815182596 0.3702261629 86.8557782218
21 1 7278.1271344383 7083.6648302343 275.0179502996  13.8584331133 0.1774804103  0.3423299226 120.4002778713
e he | 1 TATTY NOANVINERD E717 OoO7TNA Y3 A0 I ACOMNENTY A 11 2208000000 N 29 7TEATCRAR N 200REN0E ANE N2 00E 2

And now we need the Y column. That's just column 3. Enter and hit 'OK".




AEC_  FEC

511

R

5 |Liberationsans |+ |10 |v| & 4 A J o RO »

A1 | fed X = |frame -

B | c | D | E | F | G | H A

rame [nm] vy [nm] sigma [nm] intensity [photon] offset [photon] bkgstd [photon] uncertainty [nm] |

2 1 2987.0521494487 4426.8145876014  100.280487836 6.0584150568 0.1785376503 0.1591149401 61.1583723268 .
3 1 3123.3912049866, 7138.1448802176 112.1953935575 6.9901743815 0.2075505884 0.2394008085 63.9470478642
4 1 3789.3372963947 6003.7303432509 72.0592184005 3.9913642551 0.2172495561| 0.2236926048 56.740740907
5 1 3815.3161917066, 7537.9941947525 46.7938545835 2.8203389083 0.3262347942 0.3478904712  48.7934216037
6 1 3939.3101909715 4476.9505480105 102.3032955573 6.1552464316 0.2222572439 0.1902954957  62.0486595607
7 1 4275.5737884314 5256.0502448781 82 2206623282 5.112038168 0.2227883549 0.247489627 56.28437621
8 1 4492.9365011702 7274.4825087251 96.4304833021 6.2070153816 0.2266067591 0.1628892305 58.2957494551
9 1 4706.8052377358 3928.84l a0 Crls 0.4_A0 O Al 5638 0.2252208493| 0.2043712423 53.5813454648
10 1 4897.0301128854 6328.6. SpeciFy .CSV 4[6 923 0.2769240351 0.3947405214 73.8686775944
11 1 5534.5018329174 4017.7 2 0.2850825555 0.3758678287 56.4245149964
12 1| 6024.3917475178) 37164 WAt column Aas the image numbers 0.3299095477  0.3612372479  63.1677636541
13 1 5462.8945889091 6726.3! | 44 0.2562804364 0.2551122047  36.3735565363
14 1 5956.401312654 2836.1 0.149134591 0.3985500254 93.5209444151
15 1 6211.9678597991 5281 1f OK J Cance'-] 018 0.1622152576 0.225792484 85.9106592397
16 1 6031.8708950426 2933.7w5 0.3840804912 0.4326695689 52.6584126707
17 1 6024.9096669015 3719.5445795245 86.9377229556 4. 7279087255 0.4571556755| 0.4443820863 64.3734158724
18 1 6380.6982435903 5262.0116057113 182.2073639393 10.5808389831 0.20075012 0.2509103563 84.1755725447
19 1 7094.371034751 3549.1341346921 66.0326058676 4.5361068831 0.4866775177 0.5476164431 51.6218976231
20 1 6901.0939577003 3495.904908991 206.3662832746 13.9005465706 0.1815182596| 0.3702261629 B86.8557782218
21 1 7278.1271344383 7083.6648302343 275.01795029956 13.8584331133 0.1774804103 0.3423299226 120.4002778713
22 1 7422 NRANANRRIA R7212 RA7NI122324Q 270 ARRNRA71A47 11 ARARAGARRR N 22780228R4AR N 28RRARK 21 1NAR NAINATAARI

The next box asks for the 'image number'. Each localisation your algorithm returns ought to tell you
what image it corresponds to — so if it found a molecule in the first image in the sequence, it ought
to store a 1 in the corresponding row of the .csv file. In ThunderSTORM, this is the first column, so

I'll set that to 1 and hit OK.

B-@ 2 #las v 8- 23 @i v & 4 >

Liberationsans |~|[10 |~ & 4 A J % G3 & »

Al v| f 2 = |frame -

B | c | D | E | F | & [ W |

rame |x [nm] y [nm] sigma [nm] intensity [photon] offset [photon] bkgstd [photon] uncertainty [nm] | ‘

2 1] 2987.0521494487 4426.3145876014 100.280487836  6.0584150568 0.1785376503  0.1591149401 61.1583723268 .
3 1 3123.3012040866 7138.1448802176 1121053035575  6.0001743815 0.2075505884  0.2394008085 63.0470478642
4 1 3789.3372963947 6003.7303432509 72.0592184005  3.9913642551 0.2172495561  0.2236926048  56.740740907
5 1 3815.3161917066 7537.9941947525 46.7938545835  2.8203389083 0.3262347942  0.3478904712 48.7934216037
[ 1 3030.3101900715 4476.0505480105 102.3032055573  6.1552464316 0.2222572439  0.19020954957  62.0486595607
7 1 4275.5737884314 5256.0502448781 82.2296623282 5.112038168 0.2227883549  0.247489627 56.28437621
8 1 4492.9365011702 7274.4825087251 06.4304833021  6.2070153816 0.2266067591  0.1628892305 58.2957494551
9 1 4706.8052377358 3929.g9 . 2043712423 53.5813454648
10 1 4897.0301128854 6328.¢ Specify .csv 5/6 3047405214 73.8686775944
11 1 5534.5018329174 4017.0 : _ : : o 3758678287 56.4246149964
12 1 6024.3917475178 3716 ;‘;r:;a;t,lsat:seurazsg; of the localisations from the pi<el co-ordinates? (if in 2512372479 63.1677636541
13 1 5462.8945839001 6726.0 2551122047  36.3735565363
14 1 5956.401312654 2836 | 3085500254  93.5209444151
15 1 6211.9678597991 5281.: ok | cancel| 0:225792484  85.9106592397
16 1 6031.8708950426 2988.0 J J§326595689 52.6584126707
17 1 6024.0096669015 3719.5445705245 851037 72205656! 417270087255 N0A5TI556755]  0.4443820863 64.3734158724
18 1 6380.6982435903 5262.0116057113 182.2073639393  10.5808389831 0.20075012 0.2509103563 84.1755725447
19 1 7094.371034751 3549.1341346921 66.0326058676  4.5361068831 0.4866775177  0.5476164431 51.6218976231
20 1 6901.0939577003 3495.904908991 206.3662832746  13.9005465706 0.1815182596  0.3702261629 86.8557782218
21 1 7278.1271344383 7083.6648302343 275.0179502006  13.8584331133 0.1774804103  0.3423209226 120.4002778713
2 1 FA22 NQANNART R2172 2Q7N1 222400 270 AQQNRQT1A2 11 22I0RQ0GO000 N 227RN22RAR N 290RROGRD1 1NAR N2N21 00872

The next window asks what the offset of the localisations are, in pixel co-ordinates. This depends on
the co-ordinate system your localisation algorithm uses — basically, if we were to plot the point (0,0)

on the image, would that correspond to the middle of a pixel, or the top left corner of a pixel?

If you're not sure then the best way to check is to create an image with a single simulated



fluorophore in it, at a position you know, then run your localisation algorithm on the result and find
out what co-ordinates it gives.

If you don't know this value then it's not a disaster. The classifier will not behave quite as well as
this will introduce a degree of rotation dependency, but with enough training data it should be able

to overcome this.

For ThunderSTORM, I know that the offset is 0.5 pixels, so I'll enter that and hit 'OK'

B-@- 2y Ie® vy KBl A @-i.64A0 -

E:E LiberationSans |~ | (10 |~| & 4 é Jow SR -El- »

Al v| f X = |frame -

: B | C | D | E | F | & | w [ 7

[nm] y [nm] sigma [nm] intensity [photon] offset [photon] bkgstd [photon] uncertainty [nm] |

2 1 2087.0521494487 4426.8145876014 100.280487836  6.0584150568 0.1785376503  0.1501149401 61.1583723268 |-
3 1| 3123.3912049866/ 7138.1448802176/ 112.1953935575  6.9901743815 0.2075505884  0.2304008085 63.0470478642
4 1| 3789.3372963947 6003.7303432509) 72.0592184005  3.9913642551 0.2172495561  0.2236026048  56.740740907
5 1 3815.3161917066 7537.0941047525 46.7038545835  2.8203389083 0.3262347942  0.3478004712 48.7934216037
6 1 3939.3101909715 4476.9505480105 0.2222572439  0.1902954957 62.04B6595607
7 1| 4275.5737884314 5256.0502448781 M 0.2227883549  0.247489627  56.28437621
8 1| 4492.9365011702 7274.4825087251 | 0.2266067591  0.1628892305 58.2057494551
9 1| 4706.8052377358 3928.8421447777|  Localisation co-ords | 0.2252208403  0.2043712423 53.5813454648
10 1 4897.0301128854 6328.6118660421 | 0.2769240351  0.3047405214 73.86B6775944
11 1 5534.5018329174 4017.7418079956  (ALANNEE - 0.2850825555  0.3758678287 56.4246149964
12 1 6024.3917475178  3716.803260879  |P><els B 0.3299005477  0.3612372479  63.1677636541
13 1| 5462.8945889091 6726.3223905715 | 0.2562804364  0.2551122047  36.3735565363
14 1 5956.401312654 2836.183281414 32 | 0.149134501  0.30985500254 93.5209444151
15 1/ 6211967859791 5281.1859875897 1 | 0.1622152576  0.225792484 B5.9106592397
16 1| 6031.8708950426) 2988.7269758863 | 0.3840804012  0.4326605689 52.6584126707
17 1/ 6024.9096669015 3719.5445795245 | 0.4571556755  0.4443820863 64.3734158724
18 1 6380.6982435003 5262.0116057113 1 | 0.20075012 0.2500103563 B4.1755725447
19 1 7094.371034751 3549.1341346021 | 0.4866775177  0.5476164431 516218976231
20 1/ 6901.0939577003 3495.904008991 2 | 0.1815182506  0.3702261629 B86.8557782218
21 1| 7278.1271344383 7083.6648302343 2 | 0.1774804103  0.3423209226 120.4002778713

22 1 7422.0842030653 6212.8970122349 2 | 0.2275028646  0.2886698521  106.030319953 |
23 1 7424435735411 6851.0603107353 | 0.3584624254  0.3682970403  62.2070625864
24 2| 3446.3906122166/ 5101.8318358426 | 0.2474399459  0.1871416341 57.8675988216
25 2| 3763.9432804775 7582.3449292975 | 0.2257362619  0.2450037454 57.3860378522
26 2| 4305.5214530468) 5280.100521217 | 0.2264447127  0.1920234897 42.2771933078
27 2 4666.0940728804 7285.0400037839 2 E A 0.251695395  0.3358350053 89.8102244273
28 2| 4922.8112912987| 6355.0870718111 | 0.3584659913  0.4130518568 584247329266
29 2| 4626.9324781505 7278.8689402379 1 | 0.3230967275  0.4658224418  90.624849114
30 2| 5836.0367737617 2566.6414165285 1 ok | cancel | 0.2796795378  0.3581435640 79.6018994685
31 2| 5266.0303483666 3130.1778426080 0.3078686313  0.413848152 56.3002882412
32 2| 52916621079759 3947.0837303718 96! ; [ 0.3702010154  0.3055836231  66.4180215584
33 2| 5447.2472572687| 6754.8322024271| 62.2872634457  5.9103022168 0.4202322032  0.4158423304 417967259681

The co-ordinates of the localisations is the last part. This is asking whether the columns with the X

and Y co-ordinates in are saved in terms of pixels or nm. ThunderSTORM saves in nm, so I'll select
that and press OK.

That's all the information we need about the .csv file. If we go back to the window with all the
buttons, it now is like this:



Figure 2: Initialise folders, ekc

File Edit Wiew Insert Tools Desktop Window Help ]

R | /media/pat/DATAPART2/sampling_paper/softwarefexample_images

. . tiff
image extension | !

. . 160
Pixel size |

| /media/pat/DATAPARTZ2/sampling_paper/softwarefexample_images/thunderst

csv file location
orm.csv

| 8 columns, X in column 2, Y in column 3, image number in column 1, the

csv fils details localisations are in nm and are offset by 0.5 pixels.

T IR | Select how many samples you want to label, E.G. 900

T SIS | Select how many trees you want the algorithm to train, E.G. 200

Sawve results in a .mat file, E.G. E.G. My_Documents\my_image_folderymy_results.mat
save results - - - -

The details of the .csv file are shown in bold, so you can check them.

The next button sets how many localisations you're going to label:

File Edit Wiew Insert Tools Desktop Window Help E

paper/softwarefexample_images

folder lacation ‘

image extension ‘

Pixel size ‘

csv file location

‘ fmedia/pat/DATAPART2/sampling_paper/softwarefexample_images/thunderst
orm.csv

‘ 8 columns, X in column 2, Y in column 3, image number in column 1, the

csv file details localisations are in nm and are offset by 0.5 pixels.

Nurn to label ‘ Select how many samples you want to label, E.G. 900

Num of trees ‘ Select how many trees you want the algerithm to train, E.G. 200

Save results in a .mat file, E.G. E.G. My_Documents\my_image_folder\my_results.mat
save results = - - -

Labelling localisations is done in a separate popup window, which we'll explain in a moment. For
each one, you'll be asked whether you judge the localisation to be accurate or inaccurate. The more
of these you're willing to do, the better the classifier will be. I recommend 900, which I can label in
about an hour, but we've built decent classifiers using just 300 in the past. It depends how much the
appearance of your fluorophores varies during the image sequence, how much the illumination
changes, etc, etc.



The next window asks you to set the number of trees in the random forest:
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folder location ‘ /media/pat/DATAPART2/sampling_paper/software/example_images

® Set number of
image extension ‘

Enter number of trees

Pixel size ‘

r/softwarefexample_images/thunderst
DFIM. C5V

csv file location ‘ /media/pat/DE

‘ 8 columns, X in column 2, ¥ in column 3, image number in column 1, the

csv file details localisations are in nm and are offset by 0.5 pixels.

Num to label ‘ YL

e s ‘ Select how many trees you want the algorithm to train, E.G. 300

e ‘ Save results in a .mat file, E.G. E.G. My_Documents\my_image_folderimy_results. mat

Training trees for the forest is something the algorithm will do at the very end. A single decision
tree is an unbiased, high variance classifier. Random Forests train very many decision trees and
average their result — this remains unbiased, but lowers the variance. There's really no downside to
setting this number to be very high. Each tree will slightly increase the training time, and also the
run time, but they're very quick compared to a lot of algorithms so this shouldn't be an issue. And as
they make use of randomisation of the training data as part of their input, there's no real danger of
them overfitting either.

The last window asks you to set the location to save the results:



Eile Edit View Insert JTools Desktop Window Help N

. C = = images
R Select File to Write

Save In: |CJ example_images '| @

image extension

Pixel size

) : 5 fthund t
csv file location /thunders

. . 1, th
csv file details ' €

Mum to label =
File Name: randforest.mat |

Files of Type: |MAT-fiIes (*.mat)

Mum of trees

results.mat
save results

The results are saved as a .mat file, which you can read using Matlab later. The default location is
the same folder your images are kept in, and the default filename is randforest.mat’, but you can
change these to anything you like. If you keep the name ‘randforest.mat’ and there is already a file
of that name, you will be asked if you want to overwrite the file.

The window with the buttons in should look like this now:

Figure 2: Initialise folders, etc
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| save results

Start labelling

Now that we've set all the details, a new button has appeared, asking you to start the labelling
process. When you're ready, click it.



The first thing you'll see is something like this:
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Random forests require two parts to their training data — a feature vector, and a label. The feature
vector is the input to the classifier, and the label is the thing it tries to predict. In our case the label
for each localisation is going to be whether or not it's accurate. The feature vector draws
information from the following sources:

e The pixel values of the local area around the localisation (10 pixels)

e The pixel values of the same region in the image which came immediately before

e The pixel values of the same region in the image which came immediately afterwards

e The numeric values saved in each column of the .csv files other than the x co-ordinate, y co-

ordinate and image number.

These are transformed to the of of their absolute values, and Principal Component analysis applied
to select the 20 components which capture most of the resulting variance. This creates a 20
dimensional feature for each localisation. Note that as the features rely on being able to look in the
images before and after the image the localisation was recorded in, all localisations from the very
first and last images are ignored. Similarly, as the pixel region is formed from a 21 X 21 pixel
square, all localisations within 10 pixels of the edge of the image are ignored too.

You'll probably notice that this is not the fastest operation. The reason behind this is that we
deliberately avoid reading too much data into memory. A typical localisation microscopy
experiment may involve tens of thousands of images, and hundreds of thousands of localisations,
which can easily fill Matlab's available memory — and if Matlab runs out of memory it will crash.
So, we act very defensively and only ever load one image in at a time. If you know a faster, safe
way to do this then make_features_from_scratch.m should be pretty straight forward to edit.



Once the features are made, they will be saved:
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This takes about as long. When it's done you'll see something like this:

Figure 2
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This is the labelling window, used to label each localisation. A random set of localisations will be
selected from those which the algorithm identified, and you will be asked to label each one. We'll
resize this and look at each part in turn, using colour coding.
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skip patch |

t+1 — Classify patch:

go back a patch |

dense

set color map |
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accurate
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quit |

The red box shows the entirety of the image in which the localisation was recorded. The
actual position of the localisation is shown with a blue dot, and the extent of the pixel patch
surrounding it is shown with a thin black line. Note that this image uses the log of the pixel
intensities, rather than their raw values — this prevents bright regions of the image hiding
dim fluorophores.

The yellow boxes show the pixel patch. In the top right a surface plot of the pixel patch is
shown. In the bottom left we see the patch as shown in the current image, and also the same
patch areas in the images immediately before/after it.

The black box contains the buttons you use to label each localisation, as well as the progress
counter (which tells you how many localisations are still remaining to be labelled). The
options are:

@)

dense — there is a fluorophore present, but there is at least one other fluorophore active
which is close enough that the localisation is inaccurate.

background — there are no clearly identifiable fluorophores present. The localisation is
either due to Poisson background noise, or out of focus fluorescent material.

Accurate — there is exactly one fluorophore present, and you judge the localisation to be
within acceptable accuracy bounds of it

The turquoise box gives some other controls you may want to use

o

skip patch allows you to skip labelling this localisation — you will be moved onto the
next one and the progress counter will not increase. Please be wary of doing this too
often. If you skip all the difficult cases, then the classifier will struggle with them too.
Go back a patch — use this if you labelled the last patch incorrectly. You can go back and
correct it

set color map — the default color map for all the images is Matlab's 'hot' map. If you
don't like this, though, you can change it to any of the others.



© Quit and classify — if you decide you've labelled enough localisations and want to stop
early, then you can click this. A classifier will be built based solely on the fluorophores
you've labelled so far.

©  Quit — quit the labelling and don't build a classifier. This essentially stops the whole
process. Anything you've labelled so far will be lost, and to restart you'll have to re-run
START()

How you choose which fluorophores are too dense, which are background and which are accurate
depends on your data, your microscope setup, the behaviour of your flurorophores, and so on. The
Random Forest classifier deliberately avoids building in any information about what it thinks
characterises a 'background' localisation, or an 'accurate’ or 'dense' one, beyond the fact it depends
on the local pixel values and what the images immediately before/after the current image looked
like, to avoid as much as possible any chance of introducing bias. The penalty we pay for this,
however, is that it needs you to label quite a lot of samples to get enough information to learn the
necessary rules.

Some tips if you'd like more guidance on how to classify:

Try making some computer simulated fluorophores in a V-shaped structure, and the apply
your localisation algorithm to it. You'll probably find that in your reconstruction the V-shape
will become Y-shaped. This is due to your algorithm making errors when the fluorophores
are too close together and merging them. Measure this distance on the reconstruction, and
use it as a first guess as to how far apart fluorophores must be in the real dataset to be
accurately localised. Depending on the fluorophore brightness, this distance can be
surprisingly big — I've seen errors creeping in at 600-700nm separation, which is almost 5
pixels apart.

Try doing the same as above, but now instead of analysing the V shape using the localisation
algorithm, analyse it by eye yourself. See how far apart you can discern two or more
fluorophores. There will be some distance below which you'll start to make errors, but so
long as it's smaller than the distance your localisation algorithm makes errors, the classifier
will still be useful.

So long as you're consistent, it doesn't matter too much how you classify things. I frequently
will classify localisations which appear to be a fluorophore, but which are too dim to
accurately localise, as 'background'. This helps clear up noise around structures. Other
people in my group don't do this — their reconstructions look different at the end, but they
still make sense.

You'll probably have to try labelling a couple of sets before you settle on a preferred way to
classify things. Just save each classifier in a different .mat file as you go, so yo can refer
back to them.



Personally, I'd say the below localisation should be classified as dense:
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But the following might just be accurate:

O Figure 2
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Once you've finished labelling samples, the classifier will be trained. A progress window will

appear like this:
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These results can then be accessed by loading the .mat file, and investigated whatever way you
want. However, we also include a display function, display_results.m, which will open immediately

File Edit Wiew Insert Tools Desktop Window Help »
set color map |
Use log intensities |
Set pixel upscaling |
Set Gaussian blur |
Normalise intensities? |
Pop out images |
Quit |
Full Reconstruction Accurate Reconstruction
Background Reconstruction High density Reconstruction

This displays 4 reconstructions of the data. Clockwise from the top left we have the reconstruction
using all the localisations, the reconstruction using only those localisations classified as 'Accurate’,
the reconstruction using only those localisations where the density is classified as being too high,
and those localisations which have been classified as 'background'.

If you have run the test dataset, this is a good time to compare your results to the ones in the paper.
We have found that initially many people classify dim fluorophores as background, leading to there
being almost no fluorophores classified as good localisations.

There are 7 buttons on the right hand side. The top one sets the color map, and when clicked opens
a popup windows.
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The default colour map is 'hot', but this data is a little hard to see using that. Let's change it to 'hsv'.
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The next button allows you to toggle whether or not the reconstructions show the raw intensities, or
the log of the raw intensities (with +1 added to prevent log(0) being evaluated). This reduces the
relative intensity differences between bright and dim regions, and is useful for examining hard to
see structure, or looking at low level background noise. When clicked it looks like this.
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The other method for changing relative brightness is the 5 button down, 'Normalise intensities?".
The default display maintains the relative intensities between each reconstruction. As such, the full
reconstruction will always appear brightest. Clicking 'Normalise intensities?' removes this
constraint, and allows each image to be normalised to the same brightness range. Let's turn off the
log intensity scaling, and click this instead:
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Set Pixel Upscaling controls the size of pixels used in the reconstruction. When displaying the
reconstruction, to examine the super resolution detail, it is generally necessary to use a smaller pixel
size than that of the camera used to collect the data. The pixel upscaling value sets the relative size
of the reconstructed pixels compared to the original pixels. The default value is 5, so a single pixel
in the reconstruction is 1/5th the size of the original pixels. This can be changed by clicking 'set
pixel upscaling'
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We'll set this to 10 instead, so the reconstructed pixels are smaller.
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Examining the images after this,_the reconstruction looks a bit piﬁ(ellated. A more visually pieasing
result can often by found by blurring the image slightly. This is controlled by the 'Set Gaussian Blur'
button:
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All images in this display have at least some Gaussian blur applied. The default standard deviation
is set at 0.1 pixels (NB this uses the pixel size in the reconstruction, and not the pixel size of the
original data). This can be changed to increase/reduce the blur. We'll try increasing it slightly, to
reduce the pixellation
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Once you're happy with how the images look, if you wish you can generate a separate figure for
each. This is done by pressing the 'Pop out images' button. Four new figure windows will be
created, each one showing one of the four figures in the original display figure.

® Figure 1
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These can now be saved in the standard way for a Matlab image, e.g. by selecting file > save as and
then choosing your save location.

To quit, click 'Quit'

If you quit then decide you want to open the display function again, you can simply reload the data
into Matlab. This can be done using by typing:

DISPLAY();

at the Matlab prompt. This will return you to the initial display stage of the results.



