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The problem: “Needle separation” 
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Needle separation = Needle abscission 

The separation events of abscission occur within the 

specific regions called abscission zones (AZs).

The term abscission is 

specific to the plant world 

and refers to a natural 

physiological process of 

shedding of plant organs. 
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Our project

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

• 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. 

Main Goal

Short-term goals



INTRODUCTION 



Cellular anatomy related to abscission
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Plant abscission general model 

Adapted from Patterson (2001)

Development 

of the AZ

Determination of 

abscission zone 
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Pre-abscission program

- Phytohormones

- Environmental signals

Competence to 

respond to 

abscission 

signals
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Histological methods

Fix tissue Dehydration Embed Sectioning
Staining & 
Mounting

Step of killing and 

preserving tissue

- Conserve the highest level 

of fidelity between living 

cells and stabilized 

(“fixed”) condition. 

- Tissue may be stored for 

an indefinite period of 

time.

Fixative

- Most embedding media are 

hydrophobic, thus water 

needs to be removed. 

- Two methods:

1. Graded dehydration series

2. Rapid dehydration system

Paraffin wax White resin

- Tissue must be encased in 

a solid matrix to add 

structural before sectioning. 

- Infiltration and embedding. 

Isolation 

Light-Bright 

field
Confocal

- Tissue are thinly sliced 

(sectioned).

Microtome: use steel, 

glass, or diamond blades 

depending upon the 

specimen being sliced 

and the desired thickness 

of the sections being cut.



Needle abscission in conifers

Pulvinus

Types of needle loss: 

a) Mechanically detached needle loss

b) Needle fall via abscission zone

c) Needle loss causes by twig loss 



Needle abscission in conifers



EXPERIMENTAL DESIGN



Display-room collectionField collection

8x Good 8x Poor 

4 Field collections

Experimental design – Collection of tissue

~3 x ~3 mm





Outcome: Tissue collection and RNA-seq

Field_Coll_Num Field_Coll_Date Room_Coll_Date DAC Total samples Total Clones Good Poor Type

1 9/28/2016 9/28/2016 0 32 16 8 8 N+S

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

1 9/28/2016 10/17/2016 20 8 4 2 2 N+S

1 9/28/2016 10/21/2016 24 16 4 2 2 N+S

1 9/28/2016 10/24/2016 27 16 4 2 2 N+S

1 9/28/2016 11/14/2016 48 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

2 10/19/2016 11/18/2016 31 16 4 2 2 N+S

2 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

3 11/16/2016 12/2/2016 17 16 4 2 2 N+S

3 11/16/2016 12/5/2016 20 16 4 2 2 N+S

3 11/16/2016 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

- Collection of Fraser fir, Canaan fir and Balsam fir AZs for 

histological and transcriptome analyses. 

New Summer collection data!!

October

November

December



Outcome: Protocol standardization 

Fix tissue Dehydration Embed Section
Staining & 
Mounting

- Limited number of samples?

Microtome - Protocol for studies 

of lignin and 

cellulose base on 

paraffin embedded 

samples  

?

- Improved methods for fixation, cutting, mounting, and 

staining AZ of Fraser fir for histological studies. 

Fixatives:

• Formalin-based

• Alcohol-based

• Zenker’s

• B5

• Bouin’s fixatives

• Formaldehyde-based



Outcome: Protocol standardization

Fix tissue Section
Staining & 
Mounting

Tissue isolation

Commercial fixative 

(+10 Months)

Vibratome

Staining protocol for 

bright field microscopy

Staining protocol for 

confocal microscopy



Cutting & Staining Protocol



Outcome: Cutting protocol
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Outcome: Toluidine Blue staining

Before abscission 

Needle side

Twig side

After abscission

Needle side

Twig side

? - 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

Needle side

AZ

Twig side

Needle side

AZ

Twig side



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

AZ-1AZ-2

Plate 1 – A1

AZ-3

AZ-4

Outcome: 3-D bright field microscopy analysis



Outcome: 3-D bright field microscopy analysis

Clone 26 – Good
3rd FC
17 DAC – (5% NL)
TOB (Toluidine Blue) 



P6E5

P6F5

P6A6

Clone 72 – Poor
3rd FC (November)
17 DAC – (50-80% NL)
TOB (Toluidine Blue) 

P6B6

2198 mm

2505 mm

2140 mm

2169 mm

Outcome: 3-D bright field microscopy 

analysis



20X20X

40X40X

AZ1

P6A1
Clone 26 – Good
3rd FC (November)
17 DAC – (5% NL)
TOB (Toluidine Blue) 

Outcome: Characterization of needle 

abscission in Fraser fir



P6E5

AZ4

Clone 72 – Poor
3rd FC (November)
17 DAC – (~80% NL)
TOB – 20X 

Outcome: Histological characterization of 

needle abscission in Fraser fir



Histological differences between 

phenotypes



Outcome: Histological differences between 

phenotypes
03.07.2017

Clone 26 – Good NRP

0 % NL

2nd FC (October)

0 DAC 

TOB 

03.07.2017

Clone 72 – Poor NRP

0 % NL

2nd FC (October)

0 DAC 

TOB 

Needle side Needle side

Twig side Twig side

0% Needle retention

October 



04.06.2017
Clone 26 – Good NRP
15 % NR 
2nd FC (October)
35 DAC 
TOB 

04.06.2017
Clone 72 – Bad NRP
75 % NR
2nd FC (October)
35 DAC 
TOB 

15% - 75%  Needle retention

October 
Needle side

Twig side

Needle side

Twig side

Outcome: Histological differences between 

phenotypes



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

07-10-2017

Clone 72 – Poor clone 

1st – Summer collection



Outcome: Confocal microscopy

Needle side

Twig side



Outcome: Confocal microscopy

Needle side

Twig side



Outcome: Confocal microscopy

Safranin 
Calcofluor

20X

40X

Possible evidence of drought stress

Abnormal lignin distribution in 

wood from severely drought 

stressed Pinus radiata trees.

(PDF Download Available). 

Needle side

Twig side



Outcome: Confocal microscopy

Safranin
Calcofluor

1st 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.

• 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. 

• Our tissue collection will facilitate the molecular characterization of the AZ 

in three different firs. 
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Thank you for your attention!



Questions?


