Time-lapse microscopy (Gcamp calcium sensor)
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https://docs.google.com/file/d/1MUCJAJUlqbHCEYvnRGa7OvPJAjZ1E7qB/preview

Example stimuli: Root flood, wild type images
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http://www.youtube.com/watch?v=uoZlqNd48Vs
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utreach event So many genees, | needed help (& a robotic photography rig)!
So we started a series of students organisations eg “FlashLapse”.
w,smnsmmemmm Supporting your local science club and they will support you.



Astro-Botanical Engineering
Course: coordinated student
volunteers collaborating on
interdisciplinary projects.

Major niche

MadWest Rocketry
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& We applied to NASA for flight mission... fingers crossed!



The MadWest High School Rocket team started
preparing for a launch of their own!‘

As they completed their flight Readiness

Review we discussed what effect it might

have on the gravity sensing cells in the
Columella?




Prepping Payload/Rocket T-24 hours

This time they had a
precious payload to
take care off.




Plant Care for
Rocket Fair



uccessful Launch!
Welcome to the Mile high club (+/-1m).




Payload
Recovery



Samples were washed with PBS buffer and then
RNA extracted from the QIAGEN RNAeasy kit

A Nanodrop was
used to assess
RNA quality and

quantity Sample Preparation RNA Binding Elution

# Sample ID User name Date and Time Nucleic Acid Conc. Unit A260 A280 260/280 260/230 Sample Type
Gilroy Lab  4/19/2017 3:23:09 PM 31.3 ng/ul 0.783 0.494;1;55' 0.64 RNA

Gilroy Lab 4/19/2017 3:23:56 PM 40.7 ng/pl 1.017 0.578 '1.76 0.46 RNA

Gilroy Lab  4/19/2017 3:24:22 PM 30.0 ng/pl 0.750 0.435 1.72 0.15 RNA

Gilroy Lab ~ 4/19/2017 3:24:43 PM |39.8 'ng/pl 0.996 0.518 1.92 1.05 'RNA

Gilroy Lab  4/19/2017 3:25:07 PM 31.7 ng/pl 0.792 0.432 1.83 0.16 RNA

Gilroy Lab  4/19/2017 3:25:30 PM 41.9 ng/pl 1.048 |0.570 |1.84 1.24 RNA

Gilroy Lab  4/19/2017 3:25:53 PM |51.5 ng/ul 1.288 0.707 1.82 1.44 RNA

Gilroy Lab  4/19/2017 3:33:50 PM |35.5 'ng/pl 0.887 0.445 1.99 0.12 'RNA

Gilroy Lab  4/19/2017 3:34:21 PM 39.9 ng/pl 0.997 0.550 1.81  0.48 RNA

Gilroy Lab  4/19/2017 3:34:54 PM 59.3 ng/ul 1.484 0.779 |1.90 133 RNA

Gilroy Lab  4/19/2017 3:35:23 PM 109.9 ng/ul 2.746 1.375 200 160  RNA

Gilroy Lab  4/19/2017 3:35:50 PM 47.1 ng/ul 1.178 0.643 |1.83 021 R
Gilroy Lab  4/19/2017 3:36:30 PM 24.8 ng/ul 0.621 0.428(T45° 0.11  RNA |
Gilroy Lab  4/19/2017 3:37:00 PM 82.5 ng/ul 2.062 1.005 2.05 1140 RNA T
Gilroy Lab  4/19/2017 3:37:28 PM 154.5 ng/pl 1.363 0.724 1.88 (096  RMA" " e

Enough RNA was
extracted for
Quantitative
Polymerase Chain
Reactions (QPCR)
to be performed to
quantify the
expression of target
genes.

\.

| \
m\\!@‘m'bw?\.)»—m

. T AR I
.\\\ \
== 0
= O

LR

e
Y.

—_
HW




QPCR on mechanical sensitive genes TOUCH?Z2,
PATHOGEN RELATED 1 and MAP KINASE 3

. Col-0 Flight v. Transport v. Zero
e MPKS expression was . 3

repressed by the mechanical
stimulation provided by the
transport treatment.
3 Zero stress Transport Flight
e TOUCH2 expression was 2
repressed by the mechanical

stimulation provided by the ) J-

Rocket flight l .
e PATHOGEN RELATED 1 2

was induced by rocket flight. 3 e * e
e Conclusion: Transporting :5 * p=<0.05

plants large distances and/or

rocket flight can affect their N = S—— FuGHT

pathogen tolerance mTC2 mMPKS PRI



(A) Control

Rocket team conclusion: The '
mechanical stimuli caused :
by the transport and rocket (B) Transport

flight affect auxin distribution
within the gravity sensing
cells of the root.

- *
(C) Rocket Flight
DRB conclusion: Further & i
work and more replication is » v .

needed to be sure.

100 pm

DR5:GFP-Venus can be used
to observe auxin distribution

(A) The control zero stress group
roots were generally larger

(B) Transport Stress group had small
roots with more GFP in the S5
columella cells

(C) Flight group had small roots with

more GFP in the S4 columella
cells

100 pm



Ferl and Paul (2016) had recently published these images if
DRS5:GFP from plant on the International Space Station.

i DRS::GFP j DRS5::GFP
APEX3-2 APEX3-2
ground spaceflight

Astronauts on the ISS
observed subtle changes
in auxin distribution.

Both teams had difficulty
getting enough replication.
Exciting for the young
rocket team




Then it was time for BRIC19 on SpaceX Dragon
Crew Resupply mission 4 (CR-4)
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Then it was time for BRIC19 on SpaceX Dragon
Crew Resupply mission 4 (CR-4
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3 methods identify genes affected by the spaceflight

[
©

£

500-
400-
300+

[EY
o
L

relative to ground control
N
o
o =]

Number of differentially
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“Gene Prioritisation by evidence counting”

Cvi-0

Cuffdiff 2

DESeq

Choi et al, (2019)



Spaceflight induced the “Highlight” response

G0:0008150

biological_process

EGO term (P value for enrichment)i

transcripts e =
: - / total transcripts
transcripts , total transcripts expected 'V

GO class in genome

in GO class /showing up ordown i
detected by / regulation in spaceflight!
analysis across all ecotypes

Significance of enrichment

Choi et al, (2019)



Many potential subcellular sources of ROS

ROS microarray studies
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European Bioinformatic Expression Atlas reveals correlation with “high light”

ROS microarray studies
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https://pubmed.ncbi.nlm.nih.gov/?term=Willems%20P%5BAuthor%5D

Highlight response involves heatshock proteins
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Response to spaceflight
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down regulated
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Fold-change in ROS wheel analysis
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ROS linked to HSP101, HSP70 and WRKY33
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Willems et al, (2016)

Cluster Il
HL late

“Plants grown in darkness
experience a stress similar to
highlight during spaceflight”

High light
17 profiles

VIS

—————————————————————————————————————————————————————————

channel

Stomatal closure

K*out
channel

---------------------------------------------------------

HSP’s from identified as core spaceflight response genes are involved in
the response to “highlight stress”, response to ROS and hypoxia.


https://pubmed.ncbi.nlm.nih.gov/?term=Willems%20P%5BAuthor%5D

If ‘chatGPT’ said to you “Plants grown in darkness during spaceflight experience a
stress similar to highlight” wouldn’t that sound odd to you?

But what about the other spaceflight studies?
Is this a truly conserved response to space flight?

Is this BRIC specific?
Is this dark specific?

Can we pull all the
omics data into

one relational
database?

We had so many questions?



