Spatial statistics: Object-based
colocalization




The data

IAC and BOB are proteins in the eastern
spruce budworm (Choristoneura fumiferana)
epidermis

You hypothesize that the spatial interaction
between |IAC and BOB changes with
temperature and season.
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Image: https://commons.wikimedia.org/wiki/File:Choristoneura_fumiferana_larva.jpg; public domain
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The data
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The data —

Fall epidermis samples
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The data —
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The data — Winter epidermis samples




The data — Winter epidermis samples
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~ A Is there an association between attraction and repulsion and temperature?
V Y -> 0. Load the data, 1. plot the data g}?




-> 0. Load the data, 1. plot the data
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Q: Do you see patterns?
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Mean distance to nearest neighbor
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Mean distance to nearest neighbor
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Mean distance to nearest neighbor
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Small mean distance

Large mean distance
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Exercise: Code along: Mean nearest neighbor distance
dist matrix

330

107

54 573 468

64 625 570

52,00




Exercise: Code along: Mean nearest neighbor distance
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Axis O

Exercise: Code along: Mean nearest neighbor distance
dist matrix

np.min(dist matrix, axis = 1)
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Exercise: Code along: Mean nearest neighbor distance
dist _matrix
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-> 2. Mean nearest neighbor distance.Exercise: code along




Results: Mean

distance IAC -> BOB

Medium

- ] e IAC
.'ﬁ..'... ".. ‘gn. - BOB

II'.'.Q. .p':%.’.u o loi’l -:.- .

o: }.'.k...-.! .:.5. ..-i ll-..

! L P iy
:.’.‘% °:='=..". ‘:“ I. o
m ®n b‘.' 5" g ':\0: & 0y
0.‘. ..l:. .rg.... .-".‘ ..0:. ..-'..
. ".~i°.$.*.;.o.ﬂ'h:.: <
'l
I
I
I
I
[
|
[ |

Warm

ot R Rt W L B A "-°=..

?E -'" ;‘:O.o?.:..o'?q“:
® L se e nRle _p e
AR AR RN
AR A - ST

’. Ll

0.6 0.8 1.0

distance to nearest neighbour [a.u.]

<
:\-:'..l}.‘?'.;.:;!.-.. °2 e L& .fo
@ t e = ‘l-‘o ® e 2’
Fldlln g0 ‘f‘t ? Syt U e Ioh
TN L e s £ DRI
e ='.#. - -"‘ “e 'l..-“~" ®ugy
SEET e NELR R B e
° . Fi, L .gg.‘.:l'. Kl
. o° 5eh m R
R T IR
Fall medium
Fall cold
Fall warm
Fall medium

Fall cold
Fall warm

1.4 1.6

JVEIRIR sl




Results: Mean distance
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Results: Mean distance BOB ->
Cold ~ Medium | Warm
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-> Results mean nearest neighbor distance + exercise
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Mean distance to nearest neighbor

 Asymmetric: BOB — IAC # |[AC — BOB
e Returns: One number

 Range: Short




Beyond the mean distance to nearest neighbor
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Beyond the mean distance to nearest neighbor
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Nearest neighbor function

Mean dist: 1 Mean dist: 1
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Nearest neighbor function
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Nearest neighbor function
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Nearest neighbor function
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Nearest neighbor function
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Nearest neighbor function
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Nearest neighbor function
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Nearest neighbor function
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Nearest neighbor function
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Nearest neighbor function
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Nearest neighbor function

138

a0 N2

141

111

220

1.000 -
0.833 -
0.667 -

£ 0.500-
0.333 -

0.167 -

0.000 -

220

400




Fall — cold

Fall — medium

Fall — warm

e garpa e g
'.'?::" - ‘t’ o "y Yme

o‘@. "‘.' o'= - ’ :"%ﬁ

e, = o *, ‘ S unlE o
0"... .C".:. n'e '
Iol"“ L = .'F.:-.. a ¢ T
ol:. ...g.'.. '-Ol‘. .0 .0-0.
o °* W *ge 'ﬁi.l }.-o- ogh
IO ol .:0""‘.* 00' i = I
0*-.-.'.-‘ ‘o -f.gt n* & o |
» .‘:.l....... e
Pl g2y LT D
TN LA e e
Yo o l:l=.~:§. o s é':'}..o:}.l-‘?
° . ..:;..é.... " EO.:.--.: :\.‘.:: ..-‘ .IA::
..{'00 ‘-" -'.‘.1'— :-. :.“ ‘..0 : BOB

1.0 -

0.8 -

0.2 -

----- Fall cold
- == Fall medium
—— Fall warm

0.0 0.5 1.0 1.5 2.0 2.5 3.0
radius (r)

L EIgIR s




Fall — cold
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Results: Nearest neighbor function
» IAC

.......... :..,." ..... #: -~ 'j"".’:-: BOB

s, e T A
o n: s ° tf e © .
" rn.‘ Q . . &5 ° E 1.0 -
Wlnter — COId ns»::"‘ 0-‘%:.} o’:!g :
o .
- sC():B #o { .
0.8 -
0.6 -
&
0.4 -
0.2 -
_::,i' ----- Winter cold BOB -> IAC
; - == Winter medium BOB -> |IAC
0.0 - / — Winter warm BOB -> IAC
0.0 0.5 1.0 1.5 2.0 2.5 3.0
radius (r)

1U@¢Jog: JEs!

-> Notebook



-> Notebook
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Nearest neighbor function

 Asymmetric: BOB — IAC = |IAC — BOB
e Returns: A number for each radius

 Range: Short




Beyond the nearest neighbor function
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Modified from: Gomariz, A., Helbling, P.M., Isringhausen, S. et al. Quantitative spatial analysis of haematopoiesis-regulating stromal cells in the bone
V.Y marrow microenvironment by 3D microscopy. Nat Commun 9, 2532 (2018). https://doi.org/10.1038/s41467-018-04770-z




Ripley’s K function
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Ripley’s K function
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Ripley’s K function
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Ripley’s K function
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Ripley’s K function
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Ripley’s K function
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Ripley’s K fur
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Ripley’s K fur
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Ripley’s K function
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Ripley’s K function
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Ripley’s K function
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Ripley’s K function
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Ripley’s K function
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Ripley’s K function
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Ripley’s K function
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Ripley’s K function
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Results: Ripley’s K
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Results: Ripley’s K function
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Results: Ripley’s K function
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Results: Ripley’s K function
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-> 4. Ripley’s K function
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Ripley’s K function
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Ripley’s K function
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Ripley’s K function
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Ripley’s K function
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Ripley’s K function
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Ripley’s K function
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Ripley’s K function

 Symmetric: BOB — |AC = |AC = BOB
e Returns: A number for each radius

 Range: Long
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Beyond Ripley’s K function
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Validation — the null distribution

« How are proteins distributed that
 Don’t interact with each other

* Or their surrounding
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Validation — the null distribution

« How are proteins distributed that
 Don’t interact with each other

* Or their surrounding

* Jo find out, you blindly throw darts at a board

 The chance of a dart landing is the same, no
matter where on the board
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Validation — the null distribution

“Uniformly spaced”

“Uniformly distributed”




Validation — the null distribution

« How are proteins distributed that
 Don’t interact with each other

* Or their surrounding

* Jo find out, you blindly throw darts at a board

 The chance of a dart landing is the same, no
matter where on the board
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Validation — the null distribution

How are proteins distributed that
 Don’t interact with each other

* Or their surrounding

To find out, you blindly throw darts at a board

The chance of a dart landing Iis the same, no
matter where on the board

The darts can have multiple colors
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Validation — the null distribution

Empirical null distributions
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Validation — the null distribution

Analytic null distribution

{ == analytic null distribution
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Validation — the null distribution

Analytic null distribution

1.0 { == analytic null distribution

. . empirical S(r) violet to blue
. ¢ ¢ ¢ ¢ ’ empirical S(r) blue to violet
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Validation — the null distribution

BOB =400
20.0 -
JAC = 400
17.5 -
15.0 -
12.5 - S(rr) o
> 10.0 -
7.5 1
Exercise: Find good values for n2 and |Q)]
5.0 -
n = 1345345 # number of points in the dataset
£ = area = 4056780 # area of the FOV
0.0 - nulldist = getnulldist(
n=n, area=area, radii=radii
o N O 2 i? 15 20 ) # These are not good values for n and area. Change them! 0L
b
vy 29




Results — the null distribution

Fall — cold
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Monte-Carlo-based significance testing
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Monte-Carlo-based significance testing
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Monte-Carlo-based significance testing
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Monte-Carlo-based significance testing
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Monte-Carlo-based significance testing
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Monte-Carlo-based significance testing
Why??

ﬁ

0 140 T T T T T T T T
0 20 40 60 80 100 120 140
radius (r)
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Monte-Carlo-based significance testing
Why??

- =
-
-

0.6
—
V)
0.4 -
0.2
| l 0.0
0 140 T T T T T T T T
0 20 40 60 80 100 120 140
radius (r)

mean of 1000 realizations
- == analytic null distribution

52,00

4‘ f




Monte-Carlo-based significance testing
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Exercise: throw darts at a board




Results: Mean

distance IAC -> BOB
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Fall — warm
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Fall — warm
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Results: Ripley’s K function
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Results: Ripley’s K function e o
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The bigger picture: Monte-Carlo-based significance testing

* Just because your sample isn’t uniformly distributed doesn't mean it is
biologically meaningful!

* |t is possible to simulate hypotheses beyond uniform distributions.




Python notes

N locan

Our implementation of Ripley’s K was tested against
the Locan library implementation:

https://locan.readthedocs.io/en/latest/tutorials/
notebooks/Analysis_Ripley.html#

52,00
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