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What we want to achieve




Why?

* Mitochondrial disorders are often presented as
neurological disorders such as Alzheimer’s disease.

* Fission/fusion events play a critical role in maintaining
functional mitochondria when cells experience
metabolic or environmental stresses.

* Having a system that can automatically predict the
number of mitochondrial events as well as their
location will help researchers gain insights mitochondrial
function which in turn could lead to improved treatment
of neurological disorders.
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Generative adversarial network
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h; https://www.kdnuggets.com/2017/01/generative-adversarial-networks-hot-topic-machine-learning.html



https://www.kdnuggets.com/2017/01/generative-adversarial-networks-hot-topic-machine-learning.html

Conditional GAN
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hq https://medium.com/@jonathan hui/gan-cgan-infogan-using-labels-to-improve-gan-8ba4de5f9c3d
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Image to image translation

* Uses conditional adversarial networks

Labels to Street Scene Labels to Facade BW to Color
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https://github.com/phillipi/pix2pix
https://affinelayer.com/pixsrv/
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Example of CNN usage

* Image classification
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U-Net
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What we want to achieve




What we want to achieve
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E§We need the ground truth! But we can't generate it by hand...



We need ground truth

* Use time-lapse sequence to generate ground truth
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Mitochondrial event localiser
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A z-stack of micrographs is
shown as a shaded volume

H

Contains N, unique

structure labels

Frame 1 Normalised Binarised Labelled
—
N input time- > ' ' > ' -
lapse frames t Normalisation:
1. Deconvolution Hysteresis
g gDpS(g:I:s(s)i(;t-wsglur thresholding 3D to 4D

And remove small
(02p=1.0) voxel struc’tures

Ng, binarized stacks

66t ty

. Contrast stretchin, (<40 voxels)
(0.3% saturation)

Gri+k
Frame 2

Q-

k = number of skipped frames

A 4

structure labels

®

Ny, binarised stacks

/
12

Contains N, unique

Individual structure
centre of mass

Ng, Guassian stacks

//I

Ng, Guassian stacks
T

N, edges stacks

/I/

Ny, edges stacks




N, dimensional o

array of lists  Array of lists of associated Array of lists of associated
structures between frames structures within the same frame

= - Matrix of overlapping o )
E__ o volumes [F2 Lg, F2 Ly3, F2 Lyy, 1o 2 [F1Ly, F1Lyg, F1 L5, 1o
= o H H
§eeEY g, ' o ' @
oL Voo Vonp, c8 [F2 Ly, F2 Ls, F2 Ly, Iy, ik [F1 Ly, F1Lo, F1Lyz, Iy,
o= 3= o i - i 2 ° S :Cg
2Es585 Vipo = Vapies © 2 [F1 Ly, F1Lg, F1Lys, ] BE F2 Lyy F2 Lys, F2 L
SSSEG 3 ® 3 F2hey R 213 o = [F2 Ly, F2 Ly3, F2 Lyg, -+ 1o
3¢¢o 5 | i U — i
8" [F1Ls, F1Lg, F1Lg, |y, 8 [F2 Ly, F2 Lyg, F2 Lys, Iy,

Np, dimensional @

array of lists

Array of lists of halfway point 3D
vectors and distances between
Array of lists of relative structures within the same frame

percentage overlap '[m,pm.pls,---]o] o

»[Pz- Po, P12, gy
[ [da, d1o,fi15, = To @
[z, do, dzs ---JNFJ
[ (P12, P13: P19, = Jo l @

_[Pz- Pi6: P23, ]ArF2

[ [d12'd13'.d19l"']0 @
_[dZ' dig dpz, - ]sz

[%FZ Lgr W0 F2 14y Yo r2 1y ]0

o, 0 o,
_[AJFZ Ly Y r2 1 Yoz Lgs ]N“

in other frame

[ [o [ 0,
[%r1 Ly Y0 F1 1oy YO F1 Ly ]0

% % %
[ F1 Ly O F1Lg OF1 Ly ]sz

Calculate relative

percentage of structure's
volume in one frame

overlapping with each of

the associated structures

For fusion Assigned status of

Calculate closest halfway point
between associated structures

and structure combination
depolarisa-
tion events

_/

[Sn Lo SFLLig SF1Ls ™" ]0

[SFI Lo SF1LeSF1 Ly ]

cc
o 9 o9
gs
25
Sgo -
o @ Qg = S o
(0]
% © E N E®
g5 F1 8 E Generated
S S 5
o -
J c g = o8 output
cr{ 'C-U' © >0
S® = S28 =
O = o o g
L [ - @
\ For fission ] L5 28%
=
events = g g 5® g
o = (=
%S0 [Sr2 1,5 SF2 1,5 S 2 1.19,"']0 £2%
2 o 0 R °oc o
=2° : =
b~
o ® S
= [SFZ LZ-SFZ Lm:SFZ Loz ] =5
» © Npa o3
QO o 838
Percentage Threshold = 50% .
Distance Threshold = 100px Event size=20px

*If two arrows pass into a box, the function is called twice




Gaussian filtered
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Example output

A. Full sample MIP B. ROI MIP C. MEL 3D ROI D. Graphs
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Some Issues remain
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Gradient Descent

* Sometimes the objective function/loss function has
more than one minima.




Some early results




Some early results
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