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Agenda

1. Perspectives & experimental system
2. Hopes and approaches for tissue culture-free “in planta” transformation

3. Surveying wild Agrobacterium strains for novel morphogenic capability



Regeneration & transformation continue to be
major limiting factors for gene editing &
engineering in plants, and especially trees

e Species and genotypic differences often dramatic
* Slow, costly, complex customization efforts usually needed

* On top of often large social/regulatory constraints,
often a “deal breaker”




Our experimental
system features

* Woody (forest) trees
* Elite clones, not seed-derived
* High physiological diversity

* Growth environment, age,
explant type and source

* Great tissue sample heterogeneity
 Common necrotic responses
* Very high genetic diversity of forest trees

Populus trichocarpa

In vivo

In vitro
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2. Hopes and approaches for tissue culture-free “in planta” transformation



In planta transformation of great interest

e Lower cost in media, facilities?

e Reduced customization efforts?

* Less specialized personnel could do it?
* Less genotype-dependent?

* DEV genes can help?

717 P tremula x alba




A. tumefaciens hormone genes promote regeneration
useful for in planta methods?

iaa/ipt genes form a positive
feedback loop to reinforce
undifferentiated cell growth




iaaH/M and ipt genes from Agrobacterium were effective
in planta inducers of transgenic cells in diverse genotypes
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Can we find more useful, developmentally flexible Agro genes?
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induced by A. tumefaciens strains 82.139, 84.5 and C58 and
cultivated on MS medium, 6 weeks after inoculation.




We cloned out the DEV genes from our resurrected clone in deep freeze

Agro transformed tissues promoted

. Brightfield
regeneration of shoots

Brightfield




Mixed co-transformation with Agrobacterium genes

S82 (DsRed)
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82.139 DEV genes spur the regeneration of trait vector cells

Bright-field DsRed (82.139) GFP (SpecR trait)




82.139 altruistic transformation was superior to
routine hormone-based indirect transformation

%GFP shoots per plate

(1+4)

(4 only)
n=87

Conventional
hormone
transformation

82.139
Altruistic

_Hormone—based
hindirect transformatlon

Altruistic transformation
with 82.139 genes
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Which genes are most important for non-cell
autonomous shoot promotion?



iaa/ipt genes alone did not support high rates of
altruistic shoot induction
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3. Surveying wild Agrobacterium strains for novel morphogenic capability



Are there other useful DEV genes? Agro diversity hardly studied
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What does the Ti/Ri plasmid diversity look like?
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Fig. 1. Time-calibrated phylogenetic tree of the agrobacteria-rhizobia complex. Blue horizontal bars Wei sberg et al. 2020 Science



To see transgenic tissues and try a variety of
selection systems, we adopted a universal binary
vector to place into wild strains

2500
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T-DNA border (L) | NPTII | | | UBQ14T | T-DNA border (R)

pNos NosT NosT pNos HSP terminator
RUBY T-DNA
12,347 bp

* Selected 10 strains with widely varied Ti/Ri lineages, gene content, chromosomal background
e Testing in vitro and in planta in several species



Kalanchoe as a simple system to assess
strain characteristics

Buffer ; Buffer

Rapid callus/gall development

* Easy to propagate

Simple to wound and apply Agro

* Flat surface for imaging
(hyperspectral / machine vision)




In kalanchoe TG tissue tended to be discrete
amongst regenerating non-T1G tissue




How about woody plants like poplar?

How should we approach in planta transtormation?



In planta methods are still changing rapidly, require a
different way of thinking about transformation
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Apical decapitation  Axillary bud injection



We transtormed two poplar genotypes with
three treatments using apical decapitation

Genotypes:
* Populus tremula x alba 717-1B4 — transformable hybrid aspen
* Populus trichocarpa SKWB-22 (“T10”) —more challenging

Treatments:

1. No selection or hormones, moisture control with inverted epp. Tube

2. Selection only 1/week (100mg/L kanamycin)

3. Selection + weak cytokinin (tests whether galls are developmentally labile)



No selection or hormones, in 717 hybrid aspen




Kanamycin treatment in 717 hybrid aspen

C58 (+ control) Ti la, BV1 G1 Ti Ill, BV1_GS8a Ti_lll, BV1_G1 Ti_Ib, BV1_G4
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kanamycin + TDZ treatment in 717 hybrid aspen

C58 (+ control)  Till BV G4 Ti_lb,BV1 G4  Ti_la, BV Gl Ti_lll, BV1_G1 Ti_la, BV1_G1

Different trees treated with wild strains




No selection or hormones in T10 black cottonwood

C58,(+ control)




Kanamycin treatment in T10 black cottonwood

C58 (+ control) Ti_Ib, BV1_G4 Ti_la, BV1_G1 Ti_ll, BV1_G1 Ti_la, BV1_G4
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Different trees treated with wild strains

Genotypes and existing kill curves for antibiotic often need to be re-worked with in planta inoculation



kanamycin + TDZ treatment in T10 black cottonwood

C58 (+ control) Ti_lb, BV1_G4 Ti_Il, BV1_G1 Ti IBV1 G1 Ti_la,BV1 G1 Ti_la,BV1_Gl  Ti_ll, BV1_G4
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Pilot tests in hop showed strong variance in
delivery and regeneration among strains

Ri_I, BV1_G7c Ri_Ill, BV2 Ri_II, BV2 Ti_la/Ri_ll, BV2

No selection

10 mg/L spec




Domains of transgenic vs. non-transgenic
regenerating tissue often distinct among strains

10 mg/L spec

Humulus lupulus cv. “Cascade”



In vitro testing in poplar showed a wide range
regeneration outcomes, TG vs. non-TG domains

Ti_la, BV1_G8a Ti_la/Ri_lin BV2

2
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" _Non-TG shoot
primordia

* Transformable genotype 717-1B4 P. tremula x alba
* No selection in this experiment



RUBY regenerating callus or hairy roots varied
widely amongst strains in poplar

Ratio of explants with RUBY tissue
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Transforming greenhouse plants is tough, but we are learning!

* Things we take for granted like
Agrobacterium preparation methods,
selection strength, media composition
all need to be re-calibrated in planta

* So far our wild strains exhibit potent
morphogenic outcomes in vitro,
highlighting many for further study




Summary

Agro genes have impressive morphogenic potential for transformation

Many Agro genes are unexplored mechanistically in the ways they change
plant development

Binary vectors using RUBY are effective tools to assess strain characteristics

Agro strains have wide variability in transgene delivery and regeneration
outcomes on different hosts



Going forward

e Agrobacterium diversity, both in terms of transgene delivery and regeneration
outcomes warrants further study

. Screening#oopulation of sequenced strains will highlight unexplored T-DNA
genes for further mechanistic study or careful combination

* In planta, tissue culture-free systems have many technical challenges in
vegetatlvelycjoropagated crops —co-transformation with Agro genes could be a
path forwar

* Strain “domestication” a priority in cases where lab strains (C58/Ach5) are
inadequate for the desired plant species
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