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Rationale and approaches
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Why genetic containment

Goal: To develop robust male and female containment
technologies for vegetatively propagated forest trees

Why: Regulatory, market, and public acceptance with
exotic and native trees can be costly or impossible — even
for field research

Long distance gene flow, incomplete domestication, wild or
feral relatives, perception of forests as wild

Advantage of RNAi: No toxic genes like barnase used
(which can be unstable and harm vegetative development),
degree of suppression can be varied, and may be highly
stable

Advantage of repressor overexpression: No flowering at
all, trees remain juvenile, most rapid vegetative growth?

Advantage of gene editing: Expected to give strongest loss
of function, and be most efficient, predictable, and stable



Approaches

e Bisexual sterility: Target is intensely managed,
vegetatively propagated elite forest tree varieties
(clones), thus targeting master regulators of

sexual development
No further breeding, or create asexual restorer
systems

e Suppress or mutate: Floral organ identity gene
AGAMOUS and floral meristem identity gene
LEAFY

 Repressor overexpression: Use of natural floral
suppressor or dominant negative form of natural
activator
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Experimental field trial (summer 2016)
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Experimental overview

Create RNAI constructs based on the
reference sequence from Populus trichocarpa

Evaluate phenotypic changes in field
(FT accelerated flowering
Impeded RNAI effects)

Evaluate gene expression Haiwei Lu, PhD
student, OSU




Two PtAG-RNAIi constructs, with and

without matrix attachment regions
(MARSs)
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Ai constructs contained an inverted
)eat that targeted 393 bp of the
1-MADS region




mmary of floral modifications

Construct
ID

No. of
insertion
events

No. of events
that flowered
by 2017

No. of events
with altered
floral
morphology

6 (27%)

11 (92%)

0 (0%)
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Altered events had highly modified,
sterile flowers
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Strongly altered events were stable within
and among trees over 3 years
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Other studies with similar effects
Sweetgum LaAG-RNAI — targeted two
distinct AG genes




- Altered phenotypes of RNAI-AG
events were stable over 3 years




RNAI-AG flowers matured into sterile,
brown papery fruits
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terility, normal growth of LEAFY-RNAI
oplars over four growing seasons
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‘Floral suppressors: Scored extent of
flowering in all trees
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80% of all SVP-OE events showed floral
abundance scores of less than 2

Clone 6K10

Floral abundance
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717 SVP event 122 no flowers
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Non-flowering events had high
expression of PtSVP in leaves
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Future of floral suppressor studies

e Study of two additional successful suppressors
based on mutated AP1 gene

e Studies of growth effects underway — some
appear likely

e Superior method likely to be CRISPR promoter
engineering vs. simple 35S overexpression



Guide RNA
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Gene editing knock-ol
underway
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Experimental constructs — single and
double targets per gene, no CRISPR
removal
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Nuclease constructs
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Control construct
2x35S hCas9 tnos D
L nptll H LB RB




High CRISPR mutation rates observed

e Cas9-only control events

e CRISPR-Cas events

e Off-target studies underway
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Who did the work? Flowering
research team 2016-17
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Gene Expression, Flowering Michael Nagle, Grad
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Haiwei Lu, Grad
Student, ZFNs
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