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Plants are vital to human life

Coffee




Plants produce secondary metabolites

Terpenoids and steroids
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Secondary metabolites contribute to host fitness

- Primary metabolites are essential for
growth and development

PLANT
- Secondary metabolites are a METABOLITES
Secondary Metabolites

Alkaloids, Phenolics, Sterols,

biproduct of metabolism and are not l

essential for growth but contribute

to the fitness of the host
Carbohydrates, Lipids,

Steroids, Essential oils, Lignins

Proteins, Nucleic acids

Involved directly in growth Produced for defence purposes
Attraction/repellent

Flavor

Pigments




Plants produce secondary metabolites

Grape ' Coffee

Polyphenol DIMBOA Caffeine



Arabidopsis can be used to study how secondary metabolites are made
and why they’re important

Arabidopsis is a “model organism” for studying plant genetics
- A member of the Brassicaceae family

Easy to grow

Genome is small (114.5 Mb) and already sequenced
Genetically tractable

Mutant libraries




Secondary metabolites modulate the root microbiome

- Triterpenes (a secondary metabolite) are secreted by Arabidopsis
roots
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Root microbiome has a diverse composition

What is root microbiome? Infenceof pant genotype an ssocated mcrbioms
- The community of microorganisms that reside e
in and around plant roots 0 -
- Includes bacteria, fungi, archaea, and viruses
- Commonly consists of Proteobacteria,
Actinobacteria, and Bacteriodetes
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Healthy root microbiome is beneficial to the plant

How does it affect the plant?

PGP (plant growth promoting) services
Competes for resources against pathogens

Nitrogen cycling Plant growth regulation and fitness

against biotic/abiotc stresses
@ Carbon cycling 5, (6




There are different compartments of root microbiome

Bulk soil

Rhizosphere (soil
around the roots)

Endosphere
(microbiome
within the roots)

Influences on

microbiome

Influence of plant genotype on associated microbiome
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CYP702A genes are associated with phytosteroid production

phytosteroid
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CYP702As (cytochromes P450)

Chr. 1|chr. 4 cyp702a5cyp70a6 (CRISPR-Cas9)
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CYP702A1 CYP702A2 CYP702A3 CYP702A5 CYP702A6 0.5kb
AT1G65670 AT4G15300 AT4G15310 AT4G15393 AT4G 15396



CYP702A genes are associated with phytosteroid production

phytosteroid
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CYP702As (cytochromes P450)

cyp702a5cyp70a6 (CRISPR-Cas9)

Chr. 1 |Chr. 4
cyp702at cyp702a2 cyp702a3 cyp702a5 cyp702a6 |
GK-697G04 SALK-097493 GK-047B01 SALK_008925 cx GK-634A06
\Y4 \v4 \V4 A\ \Y4 \Y% v
tHHEHRE- | -(HHEEHE - DD —a -
CYP702A1 CYP702A2 CYP702A3 CYP702A5 CYP702A6 0.5kb
AT1G65670 AT4G15300 AT4G15310 AT4G15393 AT4G 15396



CYP702A genes are associated with phytosteroid production

cyp702a5cyp70ab (CRISPR-Cas9)

Chr.1|Chr. 4
cyp702at cyp702az2 cyp702a3 cyp702ab5 cyp702a6 |
GK-697G04 SALK-097493 GK-047B01 SALK_008925 tx) GK-634A06
A4 \Y4 \4 4 v A\ A% A\
—4HHEHHRE- | -l —HE DD —E— -
CYP702A1 CYP702A2 CYP702A3 CYP702A5 CYP702A6 0.5kb
AT1G65670 AT4G15300 AT4G15310 AT4G 15393 AT4G 15396
T-DNA lines: Knockdown lines:

cyp702a1-TD-GK-697G04
cyp702a2-TD-SALK-097493
cyp702a3-TD-GK-047B01
cyp702a5-TD-SALK-008925
cyp702a6-TD-GK-634A06

Knockout lines:

cyp702abcyp702a6
cyp702aicyp702abcyp702a6
cyp702a2cyp702a3cyp702abcyp702a6
cyp702aicyp702a2cyp702a3cyp702abcyp702a6
(Quintuple mutant)

CYP702A2 in cyp702a5cyp702a6
CYP702A3 in cyp702a5cyp702a6
CYP702A2CYP702A3 in cyp702abcyp702a6
CYP702A2 in cyp702aicyp702a5cyp702a6
CYP702A3 in cyp702aicyp702a5cyp702a6

CYP702A2CYP702A3 in cyp702aicyp702a5cyp702a6

No consistent phenotype!
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Do phytosteroids produced by the CYP702
enzymes affect the Arabidopsis root
microbiome?



Experimental Design

2 types of 8 Arabidopsis 4 replicates 1 developmental 4 types of
soil genotypes stage collection
1. Bulk soil
2. Rhizosphere
3. Endosphere
4. Total root
1. WT
2. CYP702 quintuple mutant 64 pots total
3. CYP702A5 overexpression 32 with soil A
4. CYP702A6 overexpression ) _
5. CYP87 mutant - 32 with soil B Harvest after 4-6
6. CYP87 CDS2 overexpress?on 8 pots per genotype weeks
7. CYP87 CDS3 overexpression 5 pIants per pot
2 types of soil 8. DpCYP87 overexpression

from Jingke’s

P | lled A1, A2, B1
garden (A and B) ots labelled A1, A2, B,

B2, etc.



Microbiome sampling

Bulk soil

Endosphere
(inside the roots)

Rhizosphere (soil
touching the roots)

Total root (inside and
attached to the root
Endosphere + Rhizoplane)



DNA collection

—, 0.5-1inches below soil Follow ZynoBIOMICs DNA

Bulk soil surface Miniprep Kit instructions
R1 Soil Imm away from Follow ZynoBIOMICs DNA
root Miniprep Kit instructions
Rhizosphere
. . Follow ZynoBIOMICs DNA
R2 —— Soil touching root —» Y

Miniprep Kit instructions
Soil type

Bead beating with
metallic beads

h —_— Cleaned with PBS N Dried with Follow ZynoBIOMICs DNA
Endosp b andgoer':;ec;gt?g;c‘and kimwipes Miniprep Kit instructions
[ ' llow ZynoBIOMICs DNA
Total root —— Cleaned with PBS —— Dried with ____, Follow ZynoBIOMICs

kimwipes Miniprep Kit instructions



Validation of the DNA extraction protocol

Standardization protocol starting with ~100 mg of soil or ~100 mg of roots

Bacteria Archaea Fungi Bacteria
V3-V4 16S rRNA V3-V4 16S rRNA ITS1 V3-V4 16S rRNA
1 2 3 4 C- 1 2 3 4 C- 1 2 3 4 C- 1 2 3 4 C- C+ C-
bp bp
10000 10000

1000
1000

250 250

1 - Soil

2 - Rhizosphere
3 - Endosphere
4 - Total Root



Plant growth progress (3 weeks)

A \Q

il type B

So

Soil type A

WT

CYP702 quintuple mutant

2.

CYP702A5 overexpression

3.

CYP702A6 overexpression

CYP87 mutant

4.

5.

CYP87 CDS2 overexpression

6.

CYP87 CDS3 overexpression

7.

DpCYP87 overexpression

8.
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