Agrobacterium T-DNA Genes as Tools to Promote
Regeneration of Transgenic Woody Plants
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enotypic differences often dramatic

* Slow, complex customization efforts usually needed

» Costly reagents and skill-intensive labor often required



propagules, not seed-derived

gh physiological diversity
« Growth environment, age,
explant type and source

« Common necrotic responses
* Very high genetic diversity of forest trees

Agrobacterium treated
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« WOX5, 11 -- WUSCHEL RELATED HOMEOBOX
- WUS - WUSCHEL

* GRF-GIF - GROWTH REGULATOR FACTOR 4 and GRF INTERACTING
FACTOR 1

 Agrobacterium growth promoting genes
* rol — Hairy root-inducing genes — Agrobacterium
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Root crown injection

717 P. tremula x alba
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Despite a variety of configurations and trials we were never able to use these to produce transgenic shoots



* iaaH/iaaM and ipt
indirectly produce auxin
and cytokinin

laaH laaM Ipt

ARR AuxRE dback | N
(2-7 copies) (3-9 copies) * Feedback loop maintains
A high levels of hormone
\ \‘;\(\\ production during gall

development
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139 84.5 Cs8

Fig. 1. Tumors and shoot differentiation from poplar tumors
induced by A. rumefaciens strains 82.139, 84.5 and C58 and
cultivated on MS medium, 6 weeks after inoculation.




, this work essentially
a halt — due to GMO pushback in
Europe — and due to the challenges of dealing
with the large constructs prior modern
sequencing and gene cloning systems
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82.139 T-DNA genes

laalVl 5 ipt g2 6B jorf3’4RB
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[rait gene Agro

Mixed Agro in differen

WUS Protein from transformed

cells stimulates cell
division/integration in
neighboring cells

Plant with trait gene
and no MR genes

Figures used from Hoerster et al. 2021 In vitro cell and developmental biology -Plant



82.139 T-DNA genes

Altruistic trait vector

» We mixed these in equal ratios
* Selected using spectinomycin on hormone-free media



stal to those transformed with
ate into transgenic trait-vector only shoots

Bright field
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trait vector only
82.139 genes only

1:1 mix 82.139/trait




4 Altruistic trait vector

n= number of plates of 12 explants each

%GFP shoots per plate
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transformation
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Hormone- -based

hindirect transformation ,

Altruistic transformation
with 82.139 genes

Currently launched via
GAANTRY strain ARport1

Developed binary strains but
gene orientation matters

Delivery ratio between binary
and vir-launched DNA matters
for shoot regeneration




Is there novel iaa/ipt expression in this strain?

Or are the unique genes there most important?
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82.139 full set

82.139 iaalipt only
iaaH iaaM g ipt RB
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Which of the other T-DNA genes are most important?
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To our surprise there were no additive genetic effects, 6B is the main important gene for alt. shoot formation



ent altruistic shoot formation

Full set 82.139 gene 5 mut 6B mut orf3’ mut

iaalipt only
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Representative images of explants from each construct
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Targetfnding loop
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Protein alignment of different Ti plasmid groups from sequenced wild collections
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suppressed

Non-cell autonomous
shoot development
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Pairing expression elements not
found in nature with “shooty” 6B
genes -or synthetically modified
ones, is of interest to us
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PLASMID EVOLUTION
Unexpected conservation and global transmission
of agrobacterial virulence plasmids
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T-DNA regions from 350 Agrobacterium genomes: maps
and phylogeny

Léon Otten'®

Group |
—— - T — LMGE3
as 2 30 8 10 1 1213 132 14 2 1 (B)
| . - P — | Mow I-a
A) as 2 8 0 1 12 13 13a 14 16 o
¢, plast, mis Mmﬂmm
| 2415110
} — — e 1110 Wiz, loss TR-RS 1112131415
s 2 an ] N 2 13 132 15
- MCW 35
— a g - 265 l<;' WG‘?C’SWHB.
®s 2 3 8 LT 12 13132 4 om S870 s‘u/WJ‘é 'Lyp’a"z/
repliconjchange s e gy’ 27
1 b L1724 28
— - pu— - e L
- —— I-b dolacs Ms MGE3 37
2 30 8 10 1 12 13 13a 14 o8 noRB ”
w3 foss TR T-a 4 MOV 38
15y MEQ 36
- - g 1M 15
acs” 2 n 8 0 1" 12 13 132 4 ms
LMG152 H
acs 2 3n 15870 8 o1 12 13 13a 14 151 152 iaaH M roBTR z T ags
ARgqua I_c
(=) 3 8 M 12 15 13 s 4 15 M 1 ags
a
F— T — - e MCw Hﬁ
s 2 an L] w0 n 2 13 " 15 aaH LaM roBTR" 2 " L "
P a —— - MCX mRB I-d
as 2 M c 8 LT plast 13 "® mis = insM vis 2kb




Bright field DsRed

"Shooty” Agro genes are the only system that has worked
after two years of transformation testing
First transformation of US hop cultivar

. | o
* If you want to try it please feel free to contact us! Chris Willig  Michele Wiseman  David Gent

Strauss Lab OSU BPP Gent Lab ARS Corvallis



e transgenic
efficient and faster

 Gene 6B is the main factor for non-cell autonomous shoot formation

—we will test if it can function alone, or if it works better when paired with
iaa/ipt genes from other strains

* We hope through testing in multiple species we can get a better
understanding how generalizable this tool will be for the community

» We are testing diverse wild Agro strains for their utility in plant
transformation



ad (URSA/honor’s college)

David Taylor (Technician, S82 system)

Abby Lawrence (Undergraduate, S82 system)
Henson Tran (Undergraduate, in planta)
Teaghan Knox (Undergraduate, in planta)
Katyayani Karlapati ((Undergraduate, in planta)

Scientific assistance

Jeff Anderson (BPP,OSU)

Alex Weisberg (BPP ,0SU)

Jeff Chang (BPP ,0SU)

Steven Ramsey (Vet Med ,0SU)
Bill Gordon-Kamm (Corteva)
Todd Jones (Corteva)

Jim Thomson (ARS Albany)
Roger Thilmony (ARS Albany)



chnology Risk
Assessment Grant (BRAG)
NSF-Plant Genome Research
The National Program (PGRP)

National Institute  Science Foundation

of Food and
Agriculture

GREAT TREES Consortium

Suzano, SAPPI, Arauco, Klabin, SweTree,
Corteva Agriscience

Department of
Agriculture







