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Project
Goals

' Very invasive and
detrimental to
native forests

1. Develop tools for
modifying flowers

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

Harvested in short
rotation plantations
as an exotic

Most planted
hardwood in the
world


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

Guide RNA

e (Cas9 nuclease (protein) Caso
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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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FT overexpression induces precocious flowering and
normal reproductive development in Eucalyptus

Amy L. Klocko, Cathleen Ma', Sarah Robertson', Flahe Esfandiari’, Ove Nisson” and Steven H. Strauss'™*

‘Depaﬂmem Forest Ecosystems & Society, Oregon State University, Convalls, OR, USA
Department of Forest Genetics and Pt Physilogy, Umes Plant Scence Centre, Swecish Universy of Agricufural Sciences, Unea, Sweden

Recetied 8 April 2015, Summary
revsed 29 Mey 2015 Fucalptus trees are among the most important species for industrial forestry warldwide.
accepted 10 une 2013 However, as with most forest trees, flowering does not begin for one to several years after
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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

ARTICLE

doi:10.1038/ nature13 308

The genome of Eucalyptus grandis
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Eucalypts are the world's most widely planted hardwood trees. Their outstanding diversity, adaptability and growth have
made them a global renewable resource of fibre and energy. We sequenced and assembled =94% of the 640-megabase
genome of Encalyplus grandis. Of 36,376 predicted protein-coding genes, 34°% occur in tandem duplications, the largest
proportion thus far in plant genomes. Eucalyptus also shows the highest diversity of genes for specialized metabolites such as
terpenes that act as chemical defence and provide unique pharmaceutical oils. Genome sequencing of the E. grondis sister
species E. globulus and a set of inbred E. grandis tree genomes reveals dynamic genome evolution and hotspots of in-

ing depression. The E. grandis genome is the first reference for the eudicot order Myrtales and is placed here sister to
the eurosids. This resource expands our understanding of the unique biology of large woody perennials and provides a
powerful tool to aceelerate comparative biology, breeding and biotechnology.

A major opportunity for a sustainable energy and biomaterials econony
in many parts of the world lies in a better understanding of the molecular
basis of superior growth and adaptation in woody plants. Part of this
opportunity invelves species of Ewcalypties L'Hér, a genus of woody
perennials native to Australia'. The remarkable adaptability of eucalypts
coupled with their fast growth and superior wood properties has driven
their rapid adoption for plantation forestry in more than 100 countries
0 million In]".hml'.u55 eucalypts the most widely
planted hardwood forest trees in the world. The subtropbcal E. grasdis and
the temperate E. glodulus stand out as targets of breeding programmes
workdwide. Planted encalypts provide key renewable resources for the
production of pulp, paper, blomaterials and bioenergy, while mitigating
human pressires on mative forests’. Fucalypts also have a large diversity

and high concentration of essential oils (mixtures of mono- and sesqui-
terpenes), many of which have ecological functions as well as medicinal
and industrial uses. Predominantly outcrossers' with hermaphroditic
aninkal-pollinated flowers, encalypts are highly heterozygous and display
pre- and postzygotic barriers to selfing to reduce inbreeding depression
for fitness and survival®.

To mitigate the challenge of assembling a highly heterczygous gen-
ome, we sequended the genome of BRASUZL', a 17-year-old E. grasdis
genotype derived from one generation of selfing. The availability of anno-
tated forest tree genomes from two separately evolving rosid lineages,
Eucalyptus (order Myrtales) and Popuites (order Malpighiales®), in com-
bination with genomes from domesticated woody plants {for example,
Vitis, Prusus, Citres), provides a comparative foundation fior addressing
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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 For Gene Editing: How it works

Construct Transformation and Regeneration

PCR and gel analysis

(allele specific) Sequencing targets, alignment, and phenotyping






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



Floral Study

Flower Morphology

Pollen Viability and Germination




Differentiating Pollen: The Alexander Stain

e Differentiates between non-viable and
viable pollen

| |
e Stains protoplasm present viable pollen e

* Viable magenta, non-viable translucent

A simplified method

for differential staining

of aborted and non-aborted
pollen grains

Ross Peterson,' Janet P Slovin,’
Changhin Chen'

"Department of Horticultural Science,
University of Minnesota, MN, USA;
“Genetic Improvement of Fruits and
Vegetables Laboratory, United States
Department of Agriculture, Baltimore,
MD, USA

Abstract

The ability to use chemical staining to dis-
criminate aborted from non-aborted pollen
grains has well-known practical applications in
agriculture. A commonly used technique for

cein diacetate that was initially developed to
examine the viability of mammalian cells.
The uses of fluorescent dyes, however,
require special equipment, such as fluores-
cence microscopes, which limit the applica-
tion for field studies and most agricultural
extension stations that do not have the avail-
able equipment.

A major improvement in differential pollen
staining was reported by M.E. Alexander in
1969. Alexander’s stain colors aborted pollen
grains from most angiosperms and the
spores of gymnosperms blue-green, and non-
aborted pollen grains and spores stain
magenta-red.” Unfortunately, three ingredi-
ents of Alexander’s protocol exhibit possible
health risks. Two of these reagents are chlo-
ral hydrate that is used in the stain solution
and the mercuric chloride that is used in the
fixative. Both are either highly regulated by
worldwide government standards on chemi-
cal toxicities or threaten the health of those
who use the stain solution.’ The third harm-
ful reagent is phenol. [t can be absorbed
thransh the skin_and has shown fo disrunt

~

Comespondence: Changbin Chen, Department
of Horticultural Science, University of Minnesota
380 Alderman Hall, 1970 Folwell Avenue, St. Paul,
MN 35108, USA. E-mail: ehensd81@umn.edu

Key words: pollen staining, Alesander’s sfain,
chloral hydrate, phenal.

Contributions: RP did most of experiments and
contribuled to the writing; JPS did further test
and contributed to edit the manuseript; CC initi-
ated this study, supervised RP for his bench-work
and data collection and wrote this manuscript.
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Aim
* Image for pollen count and
viability

Methods

* Collect, process, and stain
greenhouse pollen

.
s %,

»

* Image for via bl|lty percentage Pollen viability stain on F'i' Control Tree



Pollen Viability Methods

Filtered for debris Fixed for storage Imaged and counted
for viability



Imaging for
Production

and
Viability
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CONTROLS

Summary of
Mutational
Impacts

KNOCKOUTS




Pollen Germination

Aim
* Examine the potential viability of
rec8 pollen

Methods

* Collect, process, and germinate
greenhouse pollen

e Score SubjeCtS baSEd on percent Wildtype E. grandis Pollen Germination
germination of sample



Pollen Germination Scoring & Results

As expected rec8 was unable to
germinate

e Wild type samples scored an average of 3
* FT controls scored low germination due to hybridization

FT 1

rec8 0







* CRISPR is an effective tool in mutating Eucalyptus
genes

CO n C‘ u S | O n S * Constructs behaved as hypothesized mostly

* TDF1 male sterility
* REC8 male sterility
 EDA33 at least male sterility



* Investigation in nectar chemistry of rec8 flowers
Next Ste PS * Investigation into female fertility

* Manuscript submission for review

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

Time: 1097 D009 102 128 1347 17400 1741 D734 1
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Thank you!
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About Undergraduate Programs Graduate Programs Research Outreach International

MENTORED EMPLOYMENT PROGRAM

The Mentored Employment Program (MEP) provides College of Forestry (CoF) undergraduate students paid opportunities to work with members of the CoF
faculty on research, projects, and/or field experiences. These types of experiences enhance students' professional skills, build important mentor/protégé
relationships and guidance while assisting faculty with important work.

Undergraduate and post-baccalaureate students enrolled in College of Forestry undergraduate majors are eligible to apply. MEP provides a limited amount
funding to pay student wages. Priority funding is available for students from diverse, underrepresented or underserved backgrounds that enhance a pluralistic
community in the College. Students whose academic status would benefit from a mentorship experience are encouraged to apply.

Mentored employment opportunities are available during fall, winter and spring terms.
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