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The problem: “Needle separation”
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1 The term abscission is
1 specific to the plant world
' and refers to a natural
physiological process of
' shedding of plant organs.

The separation events of abscission occur within the
Needle Abscission specific regions called abscission zones (AZs).
Zone (NA2Z)



Our approach
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Use genomic tools to analyze
needle abscission.

(Lab protocol & Transcriptome
data analysis)

Histological characterization of
the AZ in Fraser fir




Our project

Main Goal

- Design a system for the histological characterization of the AZ in Fraser fir.

Short-term goals

« Establish the protocols for bright-field and confocal microscopy.
 Identification and characterization of the AZ in firs.

 Identification of potential anatomical differences between trees that
exhibit good and poor needle retention.



INTRODUCTION
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Adapted from Animalia Life http://animalia-life.club/other/plant-cell-wall-lignin.html
https://www.slideshare.net/BenjaminMerritt/plant-cell-wall-mod

Heterogeneous natural matrix
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Histological methods
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Needle abscission in conifers
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Needle abscission in conifers

See discussions, stats, and author profiles for this publication at: https: fwww researchate net/publication /20215203
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ABSTRACT o o . . . .
Several of the conifer species are increasingly adopted as Christmas trees worldwide. These species ~ Figure 1. Scannlng electron microscope image of the |Ong|tUdl-

have become integral parts of the horticultural economies of North American and European . . : Py
countries. Postharvest characteristics such as needle abscission/retention, color, fragrance and nal section of the balsam fir needle |Ilustrat|ng the abscission

rehydration abilities vary with species and these complex physiological traits are strongly modulated ~ zone (Thlag arajan, unpublished).
by hormonal and environmental factors. A large body of research indicates that prevalence of low
temperature before harvest evokes cold acclimation responses that involve an increase in complex
sugar concentrations, alterations in membrane structures and enhancements in scavenging abilities
promoting postharvest needle retention. Adverse postharvest environmental factors, for example,
high temperature and vapor pressure deficit are found to increase water stress, cause dehydration
and accelerate needle abscission and/or discoloration. Postharvest water stress/cellular dehydration
is one of the fundamental biophysical signals that triggers a cascade of hormonal changes, leading to
needle abscission. Abscissic acid levels increase during cold acclimation as well as prior to abscission
indicating a complicated and paradoxical role in abscission. Ethylene levels increase before
abscission and are well proven to instigate the needle fall. Concentrations of cytokinins, auxins and
polyamines decline postharvest. However, their interactive roles with other phytohormones
orchestrating the abscission process still remain elusive. This review presents and discusses our
current knowledge of the physiological aspects of pre-and postharvest environmental factors on
needle abscission.



EXPERIMENTAL




Experimental design — Collection
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Outcome: Tissue collection and RNA-seq

- Collection of Fraser fir, Canaan fir and Balsam fir AZs for
histological and transcriptome analyses.

Field_Coll_Num|Field_Coll_Date | Room_Coll_Date | DAC| Total samples |Total Clones| Good Poor Type

1 9/28/2016 9/28/2016 ( 32 16 8 8 N+S

1 9/28/2016 10/10/2016 13 |1 32 16 8 8 N+S

9/28/2016 10/17/2016 20 8 4 2 2 N+S

OCtOber 9/28/2016 10/21/2016 24 16 4 2 2 N+S
I 9/28/2016 10/24/2016 27 16 4 2 2 N+S

1 9/28/2016 11/14/2016 48 |y 18 5 5 4 N+S

2 10/19/2016 10/19/2016 0 32 16 8 8 N+S

2 10/19/2016 10/31/2016 13 39 16 8 8 N+S

2 10/19/2016 11/7/2016 20 16 4 2 2 N+S
Novem ber 10/19/2016 11/18/2016 31 16 4 2 2 N+S
= 10/19/2016 11/22/2016 35 16 4 2 2 N+S

3 11/16/2016 11/16/2016 0 32 16 8 8 N+S

3 11/16/2016 11/28/2016 13 16 4 2 2 N+S

1/16/2016 12/2/2016 17 16 4 2 2 N+S
-1/ 16/2016 12/5/2016 20 16 4 2 2 N+S
1/16/2016 12/9/2016 24 12 3 2 1 N+S

3 11/16/2016 12/12/2016 27 12 3 2 1 N+S

3 11/16/2016 12/16/2016 31 12 3 2 1 N+S

3 11/16/2016 12/20/2016 35 1 1 1 0 N+S

New Summer collection data!!




Outcome: Protocol standardization

- Improved methods for fixation, cutting, mounting, and
staining AZ of Fraser fir for histological studies.

Staining &
Mounting

Fixtissue T

Fixatives:

* Formalin-based

* Alcohol-based

» Zenker’s

* B5

* Bouin’s fixatives

» Formaldehyde-based
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Outcome: Protocol standardization
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Cutting & Staining Protocol



Outcome: Cutting protocol

Longitudinal section
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» Transverse section

Needle Az °

Needle




Outcome: Toluidine Blue staining

Before abscission

- When?
- What are those reddish-brown spots?

- How many structures could be recognized?
- Can we identify good and poor NR clones?



Outcome: Toluidine Blue staining

Before abscission After abscission
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Histological characterization of
needle abscission in Fraser fir



- Designed a method to obtain a 3-D view of the AZ using

bright field microscopy. Plate 1
ale
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Outcome: 3-D bright field microscopy

analysis

Clone 72 — Poor

3'd FC (November)

17 DAC - (50-80% NL)
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Outcome: Characterization of needle

abscission In Fraser fir

Clone 26 — Good
3'd FC (November)
17 DAC - (5% NL)
TOB (Toluidine Blue)




Outcome: Histological characterization of

needle abscission In Fraser fir

Clone 72 — Poor
3" FC (November)
17 DAC — (~80% NL)
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Histological differences between
phenotypes



Outcome: Histological differences between
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Outcome: Histological differences between
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AZ in Fraser fir was already
formed in Summer



Outcome: Transverse section —
Summer Collection




Outcome: Transverse section —
Summer Collection




Confocal microscopy protocol to
study Fraser fir AZ



Outcome: Confocal microscopy

07-10-2017
Clone 72 — Poor clone
1st— Summer collection

07-10-2017_AZ1(72) - Calcofluor - “tooth cells” 07-10-2017_AZ1(72) - Safranine- “hyaline cells”




Outcome: Confocal microscopy




Outcome: Confocal microscopy




Outcome: Confocal microscopy

Safranin
Calcofluor
Needle side
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Abnormal lignin distribution in
wood from severely drought
stressed Pinus radiata trees.
(PDF Download Available).
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Outcome: Confocal microscopy

Safranin
Calcofluor

1t Summer collection




Conclusions/Discussion

We have standardized protocols for bright field and confocal microscopy for
the identification of the AZ in Fraser, Balsam and Canaan firs.

Our tissue collection will facilitate the molecular characterization of the AZ
in three different firs.

We will complete the characterization of needle abscission in Fraser fir using
more samples from different time points.

Examine differences between poor and good needle retention phenotypes.
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Thank you for your attention!



Questions?




