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Abstract:  Gene editing is a highly efficient and rapidly evolving tool for breeding of trees and other organisms.  However, its impact will ultimately depend on a market and regulatory environment that allows it to be efficiently studied and integerated with conventional breeding.   However, there are serious roadblocks to integration in most of the world today.   I will review these roadblocks, and some recent efforts by scientists to stimulate changes to them.  Finally, I will show results from our recent studies to create sterile eucalypt trees using CRISPR.  The goal of this work is to create a tool to mitigate its spread as an exotic or genetically engineered species where that is important for public acceptance or stewardship.    
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Gene flow: A major reason for strict
regulation and market barriers to GMOs

* Bigger for woody ornamentals and forest trees than most ag
crops ? ... for many reasons

— Record of many serious invasives from ornamental and forestry
introductions

— Wild/feral populations

— Keystone roles in ecosystems

— Long distance pollen and/or seed movement

— Limited domestication

— Larger role in providing ecosystem services

— Public view of forests/native ornamentals as natural or wild

— Scientific uncertainty - Introgression experiments costly or impossible
to do, models speculative

* Gene flow prevention an essential tool, especially for more
novel and high impact GMOs? For highly sensitive countries?

* Gene flow a major concern with eucalypts, GMO or not, in the
USA - deregulation proposal for cold tolerant and male-sterile
eucalypts help up for many years at USDA



Many containment options

Non-GE: Ploidy changes / irradiation / hybrids
Cytotoxins / barnase driven by floral promoters

Disruption of essential genes for flowering
— Dominant interfering proteins

— Suppressing expression

— Physical mutation

Various options for control: Male vs. female,
induction & restorer

Our focus has been on bisexual and permanent
sterility for vegetatively propagated species

— CRISPR mutation likely to be most reliable,
predictable, and efficient




LEAFY gene target for bisexual sterility:

Strong mutants appear to have no

ﬂ owers Snapdragon Ara.bidopsis Petunia
Wild type

Parcy et al. 2002; Moyroud et al. 2010



The full roles of LFY unclear

e Critical that LFY mutation does not depress tree
productivity, though might increase it

— Studies in model plants did not conduct significant
analyses of vegetative/productivity effects

— An absence of gene knock-out studies in the field

* No studies in the very divergent floral types of
important forest tree taxa

— LFY might have evolved different functions in species like
poplar and eucalypts

 Found to have vegetative as well as floral expression
in poplars and eucalypts, thus worrisome

— Meristematic vegetative cell expression



calyptus LFY vegetative expression

gLFY, the Eucalyptus grandis homolog of the Arabidopsis gene
LEAFY is expressed in reproductive and vegetative tissues

Marcelo Carnier Dornelas!’, Weber A




'Why not RNAIi? Poplar sterility using RNAI
against LEAFY works in the field, is stable, but
only two of 15 events sterile in P. alba 6K10

To the Editor:

Field studies and commercial use of
genetically engineered (GE) trees have been
limited, in large part owing to concerns
over transgene flow into wild or feral tree
populations!~, Unlike other crops, trees
are long-lived, weakly domesticated and
their propagules can spread over several

d vegetative
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Containment of transgenic trees by
suppression of LEAFY

report the use of RNA interference (RNAi)
to suppress expression of the single-copy
LEAFY (LFY) gene to produce sterility in
poplar.
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“Two other LFY-RNAI poplar clones
tested

No sterile TN T Y ey 1
obtained

among ~30
Insertion

events in a
4 ha field H
trial in o X T
Oregon, USA [y




: Eucalypt RNAI-LFY also tested in a field trial in
Israel: No floral modified trees seen in ~30
events

Field trail LFY:RNAI

A Suzano Pulp and Paper C 28/2/17

Thus need a much more
efficient, and complete, o3 o ta T
ne knock-out method — e s o

PR to the rescue? R
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CRISPR pipeline
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Construct

PCR and gel analysis Sequencing of targets, alignment, and phenotyping
(allele specific)



" Early flowering FT-eucalypts to speed ‘
floral phenotyping

Plant Biotechnology
Journal

Flary Biotechnoisgy Joural (2018) 14, po. B0&-212

FT overexpression induces precocious flowering and
normal reproductive development in Eucalyptus

Ay L. Klocko', Cathleen Ma’, Sarah Robertson®, Elshe Esfandiari’, Ove Milsson® and Steven M. Strauss’™~
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1 & doril 2015, Summary
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Constructs employed
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Variation in Mutation Spectra Among
CRISPR/Cas9 Mutagenized Poplars
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High knock-out mutation rate

Population

WT LFY-
CRISPR

Total events (alleles)

Alleles modified

Both alleles

9 (100%0)

One allele

0 (0%0)

None

0 (0%)

AtFT LFY -
CRISPR

59 (118)

Both alleles

58 (98%0)

One allele

1 (2%0)

None

0 (0%)

All eucalypt

68 (136)

Both alleles

67 (99%)

One allele

1 (1%)

None

0 (0%2%)




gRNA locations, example mutations
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Wild-type vs. knockout stages




Prominent indeterminacy in knock-




nockout buds appear devoid of any
floral organs
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EAFY itself is
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ock-out buds nearly devoid of floral
ristem gene expression based on gP

EAG

12

10 ‘i
-illiiI

SG2 DL2 SG1 SG2 DL40 SG1 Cas9 FT Cas9
31 11 45 10 5 14

o N B O

KO Control

EAP3

SG2 SG1 SG2 DL2 DL SG1 CasS9 FT Cas9
45 11 31

18
15
12

o w o o

600
500
400
300
200
100
B 0 -
SG1 DL SG1 SG2 DL2 SG2 Cas9 Cas9 FT
40 10 5 14 11 40 10 45 31 5 14
Control KO Control

Event

ESHP

SG1 DL DL2 SG1 SG2 SG2 Cas9 FT Cas9
10 40 11 45 31 5 14

KO Control

EPI

ESTK

500
400
300
200

100
SG2 SG1 SG1 DL40DL2 SG2 FT Cas9 Cas9
31 10 11 45 5 14

KO Control



pression

contrast, knock-outs bud with
nhanced pre-floral, inductive gene

EFT

10

0 ii 0

DL2 DL SG1 SG1 SG2 SG2 Cas9Cas9 FT

Fold change
N
H ()} o]

N

40 10 11 45 31 14 5
KO Event Control
ECAL
4
3
2

=

o'IIIIIiiI

DL SG1 SG1 SG2 SG2 DL2 Cas9 FT Cas9
40 11 10 31 45 5 14

KO

Control

N

[

ESPL3

SG2 DL2 SG1 SG1 SG2 DL Cas9 FT Cas9
45 11 10 31 40 5 14

KO Control

EFUL1

DL SG1 SG1 SG2 SG2 DL2 Cas9 Cas9 FT
40 10 11 45 31 14 5

KO Control

w

N

=

4

w

N

[N

ESPL9

SG1 SG2 SG2 SG1 DL DL2 FT Cas9 Cas9
10 31 45 11 40 5 14

KO Control

EFUL2

DL40 SG1 SG1 SG2 DL2 SG2 Cas9 CasS FT
10 11 45 31 5 14

KO Control



'Summary view of floral shoot
development in knockouts vs. wild-type




Vegetative growth and morphology in
non-FT trees in greenhouse unaffected by
knock-out
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Floral scans — OSU MCT facility

T Oregon State

College of Engineering » Micro Computed Tomography

HOME CAPABILITIES IMAGE GALLERY FEE STRUCTURE MAKE A RESERVATION SAMPLE PREPARATION




MCT scanning of shoots from top to
bottom




oot movies: Wild type







ot movies: knock-out







Shoot dissections — Wild type




Shoot dissections — Knock-out




Summary — LFY CRISPR in Eucalyptus

* Nearly 100% biallelic knockout rate

* Flower buds devoid of reproductive structures
and lack nearly all floral organ transcription factor
expression

— LEAFY and floral inductive genes hyperexpressed
* Partially indeterminate inflorescences

* No detectable vegetative effects on leaf
morphology or biomass productivity in the
greenhouse

* All CRISPR trees were transgenic: Work underway
to develop CRISPR excision and other methods
for “clean” knock-outs



Thanks to these key people, and
many more over the years

Amy Klocko, Cathleen Ma,
now Univ of Lead
Colorado - transformation
Colorado scientist
Springs

Lab group, summer 2019
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Postdoc wanted — Quantitative genetics

Oregon State University, College of Forestry

Develop genomic Design strategies for
resources for Doug- increasing efficiency

Develop a SNP

genetic map of
Doug-fir

fir and Western of genomic
White Pine selection

Join the Pacific Northwest Tree
Improvement Research Cooperative

O Experience in quantitative genetics, bioinformatics, and genomic analysis
0 Experience programming in languages such as R, Perl, Python, C#, Java, Fortran

O Experience conducting statistical analyses in R, SAS, or ASReml|

* Apply through Oregon State University (jobs.oregonstate.edu)

e Contact Glenn.Howe@oregonstate.edu for more information

**HANDOUTS AVAILABLE AT FRONT OF ROOM**

0, Oregon State Uni
College of Fo
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