


Inefficient transformation remains a bottleneck for biotechnology
in many species, including forest trees and specialty crops

Eucalypts
Eucalyptus grandis x urophylla
E. globulus, E. nitens, E. dunnii

Hop
Humulus lupulus
Fuggle, Cascade, Saaz

Hybrid Poplar
Populus tremula x alba 717-1B4
Populus tremula x tremuloides 353-53

Black Cottonwood
Populus trichocarpa 
(~1500 genotype GWAS population)
SKWB24-2, SLMB28-1, Nisqually-1

EASY

MEDIUM



Poor DNA delivery, strong defense responses, and 
difficult regeneration are common themes in our species

Eucalyptus grandis x urophylla 
+Agrobacterium 
+Antibiotic (Hyg)

Control + Antibiotic only (Hyg)

• Elite clones, not seed-derived
• High heterozygosity: each genotype a new adventure in culture
• High physiological diversity and common defense responses



AMT remains the most common method – but little has changed 
in the 30-40 years since these first lab strains were made

Adapted from De Saeger et al. (2021)
Are there better strains out there?

How do we turn new strains into laboratory tools?



Local history of Agrobacterium research enabled this project
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Early disarmed and 
intermediate strains (UW) 

Milton 
Gordon

Eugene 
Nester

Mary-Dell 
Chilton

Alex Weisberg

Jeff Chang



A fully sequenced public collection of diverse 
Agrobacterium is the main resource for our study

Complex network of accessory plasmids in Agrobacteria and 
Rhizobia species (From Weisberg et al. 2021 Phil. Trans. R. Soc. B)



Extensive collection diversity 
at the chromosomal level

• At least ten species-level 
taxonomic groups based on 
sequence

• Parasitic (+Ti/Ri) strains are 
paraphyletic 

• Biovar 2 (A. rhizogenes) have 
had a recent evolutionary 
bottleneck (~2mya)

• Related ARC species can be 
used for transformation if Ti/Ri 
is introduced

Adapted from Weisberg et al. (2020) Science



Extensive collection diversity 
at the Ti/Ri plasmid level

• Plasmids include DNA transfer machinery 
and T-DNA region (crown gall plant 
hormone genes)

• Most types can be biovar 1 (tumefasciens) 
or biovar 2 (rhizogenes)

• Strains isolated from diverse dicots, with 
type II and type III Ti more likely to be 
herbaceous than woody

• Ri plasmid diversity underrepresented in 
public collections

Adapted from Weisberg et al. (2020) Science
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We used a high throughput phenomics platform to quantify 
transformation and regeneration using wild strains

• Transgenic tissue
• Regeneration
• Browning

• Hybrid poplar (easiest)
• Black cottonwood 

(moderate/hard)
• Eucalyptus (hard)

Transform plants Phenomics AnalysisInsert binary vector

Kanamycin selection for 
binary plasmid in Agro



Screening was performed using a two-stage strategy

Hybrid Poplar
Populus tremula x 
alba 717-1B4

100 strains

Low replication
(3 plates)

No plant hormones

Minimal selection 
(Hygromycin)

3w 7w 10w

• Transgenic tissue
• Regeneration
• Browning

Select: 
20 good strains
10 bad* strains 

30 strains
high replication

(10 plates)

Repeat in other species 
or treatment conditions

Stage II

Stage I

(*bad strains retained for mechanistic insight)



Wild strains show wide variability in 
transformation and regeneration in poplar

Brightfield GFP

~40% of strains show any 
transgenic explants/plate



Many good performing strains 
were found, particularly from 
ones with type I Ti plasmids

Chromosomal background 
impact less clear 

Differences in growth media and 
antibiotic susceptibility were noted 

Ti Ib

Ti Ib



After our initial screens, do the strains 
behave similarly in higher replication 

trials?



Higher replication trials show consistent behavior in 
hybrid poplar, though C58 outperformed other 

strains



First and second 
screening trials were 
consistent in strain 

transformation behavior

• C58 an outlier between initial and 
higher replication trials

• C58 included in second screen as 
a positive control with each 
transformation group

Underperformers



Strains from several Ti/Ri backgrounds and chromosomal 
groups show high rates of transgenic tissues



Wild strains show excellent transformation in other 
recalcitrant species including Eucalyptus and P. trichocarpa

Brightfield GFP Combined

Di1411

Populus trichocarpa

Eucalyptus grandis x urophylla



Collecting is never finished! 
When opportunity strikes we are trying to isolate new strains

Galls among stand of interior Douglas fir in Uinta-
Wasatch Cache National Forest (No strain isolated)

We were able to isolate a strain 
(BV1, Ti type Ia)  from a hop gall 

Michele Wiseman
PhD, OSU Bot&PP

 now postdoc at Cornell

Richard Michelmore, UC Davis
(No strain isolated)



How best to disarm and 
engineer promising strains?



We have so far disarmed 16 
strains using double 

crossover recombination
 

Zachary Heinhold
PhD student

Chris Willig
Postdoc

Talk on 
Monday  

about strain 
disarmament

*Classified according to biovar/genomospecies designations determined 
in Weisberg et al. (2020; 2022)

Strain designation Host plant source
Virulence 
plasmid type

Chromosomal background / taxonomy

STR_H01_DE Hop (Humulus lupulus ) Ti Ia Agrobacterium fabrum  (biovar 1)
STR_L01_DE Pear (Pyrus betulifolia ) Ti Ia Rhizobium rhizogenes  (biovar 2)
STR_R01_DE Rose (Rosa  sp.) Ti Ia Rhizobium rhizogenes  (biovar 2)
STR_P01_DE Peach (Prunus persica ) Ti Ia Rhizobium rhizogenes  (biovar 2)
STR_P02_DE Apricot (Prunus siberica ) Ti Ia Rhizobium rhizogenes  (biovar 2)
STR_P03_DE Cherry (Prunus avium ) Ti Ia Agrobacterium radiobacter  (biovar 1)
STR_A01_DE Quaking aspen (Populus tremuloides ) Ti Ib Agrobacterium tumefaciens  (biovar 1)
STR_A02_DE Cottonwood (Populus  sp.) Ti Ib Agrobacterium tumefaciens  (biovar 1)
STR_G02_DE Grape (Vitis vinifera ) Ti Ib Rhizobium rhizogenes  (biovar 2)
STR_R02_DE Rose (Rosa  sp.) Ti Ib Agrobacterium tumefaciens  (biovar 1)
STR_S02_DE Red raspberry (Rubus idaeus x strigosus ) Ti Ib Agrobacterium fabrum  (biovar 1)
STR_Y01_DE Yarrow (Achillea  sp.) Ti II Agrobacterium tumefaciens  (biovar 1)
STR_B01_DE Lilac (Syringa vulgaris ) Ti II Agrobacterium tumefaciens  (biovar 1)
STR_C01_DE Chrysanthemum (Chrysanthemum  sp.) Ti III Agrobacterium tumefaciens  (biovar 1)
STR_G01_DE Grape (Vitis vinifera ) Ti IVa Allorhizobium vitis  (biovar 3)
STR_R03_DE Rose (Rosa  sp.) Ti Ia Rhizobium rhizogenes  (biovar 2)



Initial testing of a disarmed Ti type 1a (BV2) against the 
AGL1 lab strain showed improved transformation in poplar

Brightfield GFP Merged
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Other recent strain engineering like A4 
shows promise as transformation tools



“Shooty” strategies for transformation
 using Agrobacterium T-DNA genes



Strains of Agrobacterium can form “shooty” crown galls

Brasileiro et al., 1991 Plant Molecular Biology

Populus tremula x tremuloides (82.139 infection)



Passive “shooty” regeneration behavior
as a tool using a co-transformation approach

GFP (Trait T-DNA) Chlorophyll DsRed (Agro T-DNA)

RGB image False color hyperspectral

Goralogia et al., 2025 Plant Biotechnology Journal



Genes from T-DNA of shooty strain 82.139 spur shoot 
regeneration outside transgenic callus

Merged

Merged

Brightfield

Brightfield



“Altruistic” transformation approach 
– strain mixtures

Morphogen Agro
(like WUS-BBM)

“Trait” gene Agro
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Plant with trait gene 
and no MR genes

Figures used from Hoerster et al. 2021 In Vitro Cell and Developmental Biology -Plant 

https://www.researchgate.net/scientific-contributions/Ning-Wang-66280741?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6Il9kaXJlY3QiLCJwYWdlIjoicHVibGljYXRpb24iLCJwcmV2aW91c1BhZ2UiOiJfZGlyZWN0In19


Cells distal to those transformed with 82.139
 regenerate into transgenic trait T-DNA only shoots

Bright field DsRed (shooty) GFP (GOI)



82.139 altruistic transformation was superior to 
routine hormone-based transformation in poplar

Vector types used

n= number of plates of 12 explants each

1

4



Several strains with Ti plasmid type 1b were 
efficient at transgenic shoot formation



Ti plasmid type 1b was the most 
efficient at transgenic shoot formation

13-2099-1-2
CM65/95

M56/79



Altruistic co-transformation using these
 new “shooty” strains was effective in poplar 

IL30+AGL1

IL30+AGL1



We know gene 6b is a critical part of shooty 
strain 82.139, but are others the same?



We still don’t understand the mechanism of the altruistic 
effect -and it might be distinct between type Ia and Ib



C58 hormone genes paired with 6b do
not produce altruistic shoots in poplar

Brightfield Agro morphogen Trait T-DNA Merged
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This suggests that iaa/ipt gene expression or protein 
activity, combined with 6b influences “shootyness”

iaa/ipt promoters could be tailored for 
different plant species or genotypes



Next step is to clone out T-DNA genes from 
top-performing shooty strains  



Summary: 
Genomics and modern cloning tools make strain discovery 
and engineering simple compared to a few years ago

• 40% of strains had any transformation, leaving 20% as candidates for strain 
engineering

• Higher replication studies in hybrid poplar show consistent strain behavior

• Shooty strain T-DNAs are useful for altruistic co-transformation approaches

• In future work, we hope to delve into mechanisms of why some strains behave 
better or worse in particular species or genotypes
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Thank you for listening!
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