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jor
gineering in plants

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

 Costly reagents and skill-intensive labor often required



In vivo

y (forest) trees — slow, tough biochemistry

Elite clones, mature propagules, not seed-derived

High physiological diversity
* Growth environment, age,
explant type and source

Common necrotic responses

Very high genetic diversity of forest trees

Eucalyptus grandis x urophylla

it s
"~

&7

7 7 /

// y
/44

s



(@, DNAdelivery Callus Shoots
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enous PGRs

NA delivery
with MRs Callus Shoots

Antibiotics

@ Reprogramming signals by
transgene-encoded MRs



in planta

— LEAFY COTYLEDON

« EBB1 - EARLY BUD BREAK 1 (ESR family)

- BBM - BABY BOOM

« 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



sion, or given
ancement or inhibition

1, 2 - LEAFY COTYLEDON
« EBB1 - EARLY BUD BREAK 1 (ESR family)

- BBM - BABY BOOM

« 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



-o try to sidestep tissue culture barriers, we experimented

with in planta transformation on greenhouse plants

Decapitated stem

Mid-stem

717 P. tremula x alba



pt genes from Agrobacterium were effective
inducers of transgenic callus in diverse poplar and eucalypt
genotypes
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Despite a variety of configurations and trials we were never able to use these to produce transgenic shoots
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growth

* iaaH/iaaM and ipt
indirectly produce auxin
and cytokinin

* Feedback loop maintains
high levels of hormone
production during gall
development
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139 84.5 C58

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

eration in the 1990s




ugh very promising, this work essentially
came to 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



genes from our resurrected
amenities like DsRed (called “S82")

82.139 T-DNA genes

- iaalM 3 ipt = 6B jorf3’3RB

Brightfield

S82 callus promoted regeneration of
non-transgenic shoots

Brightfield




Mixed Agro in different ra

Irait gene Agro

WUS Protein from transformed Plant With trait gene
cells stimulates cell
division/integration in
neighboring cells

and no MR genes

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

-8 pr1yon = jaaH; iaaM Z ipt & 6B jorf3’4RB
Altruistic trait vector

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



Under the microscope: cells distal to those transformed with
82.139 regenerate into transgenic trait-vector only shoots

Bright field
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P tremula x alba 717

genotypes

ent in two

P tremula x tremuloides 353
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Bl 82.139 genes only
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Vector types used

Altruistic trait vector

n= number of plates of 12 explants each

%GFP shoots per plate

(&)

o

Conventional
hormone
transformation

82.139
Altruistic




» Currently launched via
GAANTRY strain ARport1

(Contact us if you want the
strain, so far we have sent to

~15 lab groups)

Developed binary strains but
gene orientation matters

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

|i0€none based Ul Altruistic transformation
in direct transformatl ‘ with 82.139 genes




g5 = jaaH; iaalMl 3 ipt & 6B jorf3’gRB

s there novel iaa/ipt expression in this strain?

Or are the unigue genes there most important?



oduction

82.139 full set

1 e iaaM ¥ ipt 268 lorf3 R
82.139 iaalipt only

2 -G iaal % iaaM & ipt & RB
C58 iaalipt only

3 EF-GI iaaH giaaM g ipt RB
4 Altruistic trait vector

-
N

N
o

%GFP shoots per plate

o N A O

were not capable

(1+4)

(2+4) (3+4)

Full 82.139 iaalipt
set iaal/ipt C58
82.139 only
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Which of the other T-DNA genes are most important?



[l premature stop codons

B G- ) [ aipt only
Altruistic trait vector

R
-6 0

82.139 full set

:

6B yorf3'4RB

)-m)-@p o

%GFP shoots per plate
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gene

enotype
P=0.14 P=0.00008 P=0.98
| | }
NS *k NS
|
l v |
NS
I T
P=0.67
 m
Fullset geneb5 6B orf3 iaalipt
82.139 mut mut mut only

To our surprise there were no additive genetic effects, 6B is the main important gene for alt. shoot formation
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Mutations in 6B prevent altruistic shoot formation

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

Brightfield

GFP

DsRed

Representative images of explants from each construct



What is unique about 6B?

Ti type (Weisberg et al., 2020)

=REEY A | | B M T \ANWOQVRDLTL|JLRTGEM3SRLEQARTDF JA LI DRLVYVYL|3JEDIARQCAL[R
Ach5 |

C58 la

TiSakura Ib

TiQ15-94 VI

82.139 la

TiT60-94 IVa

TiBo542 Il

Ach5 |

C58 la

TiSakura Ib YYQG#HTNQFFLALIMPSNCFVRFGTDVINNE)(YGFYARGG
TiQ15-94 VI SBVISPYIFFIRFGTD[HINIESYGFYARIG
82.139 la

TiT60-94 IVa

TiBo542 I WB{INYPIIALGSC/LSA

Ach5 | N LINYPIIALGSC]}LSA

C58 FYIN Y TEEGEDD))DEMDDELDIEGEAETRPIIOMGLINYPIIALGSCHLSA

RO BN Y TEEGEDDP|IDEMDDELBIEGc/AETRD)-IOMGIILINYPIIALGSCHLSA

TiQ15-94 VI S0 ==DEWVIIPNIFIS I AR FISIVEWIEETIRCAD

82.139 la VNEGIENEEEEEEEE?FLSDHVTR

TiT60-94 IVa RRVIFASPINEGIENEIYEE - - E[AE| R I F[JL.S DI B {H)4: 24V S L]} : §ATR

Protein alignment of different Ti plasmid groups from sequenced wild collections



Molecular insights into plant cell
proliferation disturbance by
Agrobacterium protein 6b

Meimei Wang,'”” Takashi Soyano,® Satoru Machida,” Jun-Yi Yang,®> Choonkyun Jung,?
Nam-Hai Chua,® and Y. Adam Yuan'?*

!Department of Biological Sciences, National University of Singapore, Singapore 117543, Singapore; *Temasek Life Sciences
Laboratory, National University of Singapore, Singapore 117604, Singapore; *Laboratory of Plant Molecular Biology, The
Rockefeller University, New York, New York 10065, USA

Plant Physiol. (1996) 112: 939-951

Exogenous Phytohormone-Independent Growth and
Regeneration of Tobacco Plants Transgenic for the 6b Gene
of Agrobacterium tumefaciens AKE10'

Hiroetsu Wabiko* and Masayo Minemura
Biotechnology Institute, Akita Prefectural College of Agriculture, 2-2 Minami, Ohgata, Akita 010-04, Japan
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mMiRNA biogenesis
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suppressed

Non-cell autonomous
shoot development



Cis-element copy number in promot
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cis-element copy number

ARR ARR
(AGATHY) (GATT)

ipt ;
6B | ||
1aa
ipt !

P"’":\“

iaaH iaaM ipt

ARR AuxRE
(2-7 copies)\_(IS-QCy
A\
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Pairing expression elements not
found in nature with “shooty” 6B
genes -or synthetically modified
ones, is of interest to us



Are there other useful Agrobacterium genes we
can leverage for transformation?

What about hairy root rol genes?



And many more such
as...

* Poplars

* Yew

« Ginkgo

* Prunus sp.

« Apple

 Citrus
L - Grape

Pinus radiata

. Huang et al. 1991 IVCDB-Plant, Placencia et al. 2016. Plant Biotech J.,
Salix purpea L] Li et al. 2003 EJ Biotech, Gomes et al. 2019 FIPS.



Cutting

d%@d

Infection with Agrobacterium

Hairy Roots

Fic. 8. Outline of in vivo transformation using cuttings. Cuttings are
infected with Agrobacterium containing the rol-type MAT vector. After their
rooting, marker-free transgenic shoots are induced from hairy roots by the

light.

from Ebinuma and Komamine, 2001 In vitro cell and developmental biology -Plant Hiroyasu Ebinuma Walt Ream
(Shinsu U. em.) (Microbiology em.)



Clean edited
events
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nairy roots

e Four hours heat shock at 38 degrees Celsius, different treatment durations

« RUBY vs. non-ruby shoots can be easily identitied for propagation, then other
reporters can be closer examined by fluorescent microscopy after isolation




Heat Shock Duration

0%

No HS

2d HS

7d HS

14d HS

airy roots)

Proportion of explants by developmental class

10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

No shoots

I 1-2 shoots
2-5 shoots

M 6-10 shoots

W >10 shoots



' DsRed and RUBY), we
excised transgenes

> =

Merged chafinels ‘f“




Scoring class of Fully excised Transgenic but no
recovered shoots reporter signal
717 (n=25) 32% 28% 40%

353 (n=27) 37% 19% 44%

Editing rate (>1 allele Fully excised (n=3) Escapes (n=3) Transgenic but no reporter
edited) SEOEIRGER))

717 (n=9) 100% 33% 100%

 Adjusting to a low level of hygromycin selection to reduce escape rates (currently selection free)

« Determining contributing effects for shoot inducing response (ipt vs. WUS)



en gene editing alone,
s for simultaneous incorporation of
ited to long test cycles in trees
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— CRISPR target

Before excision
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RESEARCH ARTICLE SUMMARY

PLASMID EVOLUTION

Unexpected conservation and global transmission
of agrobacterial virulence plasmids
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ransformation

robacterium strain 82.139 can induce transgenic shoots
ally in poplar resulting in more efficient and faster transformation

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

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

* Hairy root then shoot excision systems are promising tools for recalcitrant
species to produce clean edited plants
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