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Project 
Goals

1. Develop tools for 
modifying flowers

2. Determine impacts 
of gene knockouts 
on vegetative and 
floral traits

Most planted 
hardwood in the 
world

Harvested in short 
rotation plantations 
as an exotic

Very invasive and 
detrimental to 
native forests

Presenter Notes
Presentation Notes
Goal 1 reason: trees are hard to transform and crispr is a realtivley new technology we hope our findings will allow reproducable success in flowering modifications within the scientific community



Project 
Rationale
• Environmental: The 

mitigation of gene flow 
• Social: Publicly acceptable 

organisms
• Economic: Open the door 

to many other 
modifications for forestry 
purposes

Presenter Notes
Presentation Notes
Environmental: The problem and necessity of eucalyptus
Social: The advent of GE and societal worries (GE spread), invasive species already spread we don’t want them spreading edited genes if we were to modify trees for any other reason than sterility
Economic: Social contract for further production modifications



CRISPR is the Key for Modifying Target Genes



Flowering locus T 
(FT): Early 
flowering
• Induces flowering earlier 
• Greater rates of flowering

• Minimal impacts to floral 
functionality

Early flowering Eucalyptus from FT over expression
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How we identified target 
genes in Eucalyptus 
• Arabidopsis biology powered our search
• Key genes occur throughout the plant 

kingdom

• We identified target genes by searching 
the Eucalyptus genome for genes that 
matched with Arabidopsis 

Arabidopsis thaliana



Target Flowering 
Genes for Mutation

• Tapetal Development Function 1 (TDF1):  Pollen formation and dehiscence from 
anthers

• Embryo Development Arrest 33 (EDA33): Fruit development and seed detachment 

• Meiotic Recombinase 8 (REC8): Meiosis in flowers

CRISPR Construct Map
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Construct Transformation and Regeneration

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

CRISPR For Gene Editing: How it works



Methods

Gene Selection
Genetic Transformation

Floral Study



Floral Study
Flower Morphology
Pollen Viability and Germination



Flower morphology

Aim
• Document effects of KOs on 

morphology of subject trees 

Methods

• Floral material collected at different 
stages of development 

• Image and dissect flowers, compare to 
control flowers

• Document differences

Courtesy: Sonali Joshi

Bud Development Stages in 
E. urograndis



Floral Study
Flower Morphology
Pollen Viability and Germination



Differentiating Pollen: The  Alexander Stain

• Differentiates between non-viable and 
viable pollen

• Stains protoplasm present viable pollen
• Viable magenta, non-viable translucent



Pollen Production and Viability

Aim
• Image for pollen count and 

viability

Methods
• Collect, process, and stain 

greenhouse pollen
• Image for viability percentage Pollen viability stain on FT Control Tree



Floral Samples Collected Viability Staining and Processing

Filtered for debris 
removal

Fixed for storage Imaged and counted 
for viability

Pollen Viability Methods



Imaging for 
Production 
and 
Viability
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Summary of 
Mutational 
Impacts



Pollen Germination

Aim
• Examine the potential viability of 

rec8 pollen

Methods
• Collect, process, and germinate 

greenhouse pollen
• Score subjects based on percent 

germination of sample
Wildtype E. grandis Pollen Germination



Pollen Germination Scoring & Results

As expected rec8 was unable to 
germinate
• Wild type samples scored an average of 3
• FT controls scored low germination due to hybridization
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Conclusions
• CRISPR is an effective tool in mutating Eucalyptus 

genes
• Constructs behaved as hypothesized mostly

• TDF1 male sterility
• REC8 male sterility
• EDA33 at least male sterility



Next Steps
• Investigation in nectar chemistry of rec8 flowers

• Investigation into female fertility

• Manuscript submission for review

Methyl-beta-D-galactopyranoside

Gas chromatography-mass spectrometry of rec8 nectar showing 
high concentrations of Methyl-beta-D-galactopyranoside



Thank you!
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