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Barley Experimental Design

28 founders (land races). 58 generations.

Image processing to measure seeds




3D X-ray CT scan data: 875 barley spikes.
38,000 seeds: generations F0, F18, and F58.
Distribution of length, height, width, volume, etc.

SVM Classification Results
Shape descriptors # descr F1 Score
Traditional 11 0.55 ± 0.019
Topological (ECT + UMAP) 12 0.74 ± 0.016
Combined (Trad + Topo) 23 0.86 ± 0.010

SVM to classify 3,000 seeds from the 28 founders
(75% training vs 25% testing)  50 times
Up to 84% classification accuracy
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Euler characteristic transform (ECT)

ECT is the record of how the EC changes as we reconstruct a given
object in all possible directions.
The ECT summarizes all shape information [2].

Semi-supervised learning

0

10

20

30

M
ai

so
n 

C
ar

re
e

A
tla

s
C

A
 M

ar
io

ut
C

lu
b 

M
ar

io
ut

Tr
eb

i
M

in
ia

G
ol

de
n 

P
he

as
an

t
A

lg
er

ia
n

A
lp

ha
A

re
qu

ip
a

H
or

n
P

al
m

el
la

 B
lu

e
Fl

yn
n

W
I W

in
te

r
Ly

al
lp

ur
Li

on
O

de
rb

ru
ck

er
O

re
l

M
ul

ta
n

M
el

oy
H

an
 R

iv
er

G
oo

d 
D

el
ta

S
an

dr
el

M
an

ch
ur

ia
H

an
nc

he
n

W
hi

te
 S

m
yr

na
G

la
br

on
E

ve
re

st

Accession

N
o.

 o
f p

re
di

ct
ed

 s
ee

ds
 (

%
)

Gen 58 distribution (UMAP Combined, topounscaled)

Train with 100% of the founder seeds
Classify 6000 unlabeled seeds from F58
Three morphologies are enriched through time.
Similar conclusion with genomic analysis!
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Using topology to
analyze the shape of
barley
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×

χ = #(Vertices) − #(Edges) + #(Faces)

https://www.egr.msu.edu/~amezqui3/barley/slides/eccb_2021_slides.html
https://www.egr.msu.edu/~amezqui3/index.html
https://orcid.org/0000-0002-9837-0397
mailto:amezqui3@msu.edu
https://www.canr.msu.edu/people/michelle-quigley
https://www.win.tue.nl/~tophelde/
http://www.elizabethmunch.com/
https://dhchitwood.wixsite.com/morphologylab
https://jacoblandis.com/
https://koeniglab.com/
https://cmse.msu.edu/
https://www.canr.msu.edu/hrt/index
https://www.tue.nl/en/university/departments/mathematics-and-computer-science/
https://plantbio.cals.cornell.edu/
https://plantbiology.ucr.edu/
https://umap-learn.readthedocs.io/en/latest/
https://impacts.natsci.msu.edu/
https://doi.org/10.1093/imaiai/iau011
https://doi.org/10.1093/insilicoplants/diab033
https://doi.org/10.1093/imaiai/iau011
https://doi.org/10.1093/insilicoplants/diab033

