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Brassica napus surface wax: understanding and 

manipulating surface chemistry for crop improvement.
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Smith. Lipid lab

• Seed oil: Pathways of biosynthesis and chemical diversity.

• Lipids and seedling performance at sub-optimal temperature.

• Surface lipids: Chemistry, structure, biosynthesis, function.

• Camelina sativa: Seed oil and induced genetic diversity 
(mutagenesis)

2

Image result for delphinium

https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwjeo9Gukt7bAhXGvVMKHSb3DH0QjRx6BAgBEAU&url=https://www.crocus.co.uk/plants/_/delphinium-blue-lace-new-millennium-series/classid.2000028248/&psig=AOvVaw2aPh5aSUctzwVWSZnOy035&ust=1529443269761654
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What is it?

How is it made ?

Why is it there?

Could wax 

manipulation be 

a target for crop 

improvement?

Surface wax
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2021 2022 2023 2024

Canadian Drought Monitor. Month of July.
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Representative chromatogram of canola leaf wax.
(Brassica napus DH12075).
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• Five dominant chemical components.

CHCl3

GC FID (Thermo Trace 1310 GC).  30 m TG-SQC capillary column 
DB5 equivalent.
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Alkyl esters

Alkanes, ketones, aldehydes, alcohols, 
free fatty acids and triterpenes.

• Five dominant chemical components.
• Many, diverse minor chemical components

Representative chromatogram of canola leaf wax.
(Brassica napus DH12075). ZOOM IN

ID of minor peaks is 
challenging!
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TLC plate 7

1       2       3       4         5

Alkanes

Fractions

Alkyl esters

C29 ketone

(15-nonacosone)

Aldehydes

Secondary alcohol

(15-hydroxy 

nonacosanol)

Primary alcohols 

and free fatty acids

S
o
lv

e
n

t

Fraction 1
99:1 v/v
H:D

Fraction 2
89:1 v/v
HD

Fraction ¾
74:1 and 29:1
v/v HD

Fraction 5
4:1 v/v
HD

Claire Stevens CO-OP 2019

H=Hexane
D=Diethyl-ether

Fractionation of 

wax extract on a 

simple Silica gel 

SPE column.
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1 Unknown 0.02%

2 Unknown 0.02%
3 C16 alkane 0.02%
4 C18 alkane 0.14%

5 C20 alkane 0.20%
6 C22 alkane 0.15%

7 C24 alkane 0.11%
8 C25 alkane 0.03%
9 C26 alkane 0.06%

10 C27 alkane 1.11%
11 C28 alkane 0.53%

12 C29 iso-alkane 0.20%
13 C29 alkane 90.38%
14 C30 anteiso-alkane  0.31%

15 C30 alkane 0.66%
16 C31 alkane 5.99%

17 C33 alkane 0.03%
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Brassica napus leaf wax (DH12075). Alkane fraction (Fraction 1).

Peak   Identity        % of total alkanes

C29 alkane nonacosane
Linear alkanes

C29 iso-alkane 2-methyloctacosane

C30 anteiso-alkane 3-methylnonacosane

Branched alkanes

%

m/z

[M-29]+

393.5

Peak 14
C30-anteiso-alkane

3-methyl-nonacosane

%

m/z

[M-43]+

365.4

Peak 12
C29-iso-alkane

2-methyl-
octacosane

8



Unclassified / Non classifié

9

B. napus wax 
components 
identified (so 
far).
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Total alkanes

Total aldehydes

Total alcohols

Total ketone

Total fatty acid

Total alkyl esters

Other

Leaf

Stem

Pod

Petal

Petals are different
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Little change 

in 56 years of 

canola 

breeding
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12Plant Genome Resources Canada  (PGRC) Brassica carinata diversity collection 2022

Limited 

chemical 

diversity in B. 

napus.

More diversity 

in B.carinata
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Environmental SEM 

with cooled stage

B. napus DH12075

Leaf lower surface

Controlled 

environment grown.
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4. Acyl-CoA 
Elongation

1. Fatty acid biosynthesis

2. Fatty acid export from plastid

3. Fatty acid activation

Acyl-CoA

C29 mid-chain 
alcohol

C29 Ketone

11. Mid-chain 
oxygenation

Malonyl-CoA

Acetyl-CoA

5. Malonyl-CoA synthesis

7. Alcohol-forming pathway

12. Export across plasma membrane and into cell wall.

9. Alky ester synthesis

13. Regulation
6. Source of Acetyl-CoA

Alkanes Aldehydes

Alky esters

10. Acyl-CoA hydrolysis

Very-long-chain 
free fatty acids

C29 alkane

Free fatty acid (16:0, 18:0?)

Very-long-chain 
acyl-CoAPrimary alcohols

8. Alkane forming pathway

Wax layer

Wax 

biosynthesis 

in Arabidopsis
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TRANSCRIPTOME ANALYSIS             Petiole and Petiole Epidermis
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TRANSCRIPTOME ANALYSIS             Top 100 highly expressed genes (epidermis)
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Name

Arabidopsis 

gene

Arabidopsis 

gene ID

B.napus 

potential 

homologues 

(DH12075) Epidermis

Whole 

petiole

CER1 AT1G02205 BnaN18g53870 65828 108

Bna01708s0010 30069 0

Bna25797s0010 0 0

Bna01708s0020 0 0

CER1-Like AT2G37700 BnaN04g24680 2376 184

BnaN14g55470 6230 779

BnaN14g55480 3616 369

CER3/WAX2 AT5G57800 BnaN03g10750 0 0

BnaN13g13230 0 0

BnaN02g11420 15400 334

BnaN10g12700 7457 420

BnaN03g10770 0 0

BnaN12g12900 9414 216

BnaN19g43290 9618 585

VLC-aldehyde 

decarbonylase

VLC-acyl-CoA 

reductase
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Arabidopsis 

gene

Arabidopsis 

gene ID

B.napus  potential homologues 

(DH12075) Epidermis

Whole 

petiole

DEWAX AT5G61590 BnaN19g07370 4863 2657

BnaN17g39310 9135 3841

BnaN03g41000 8420 2890

BnaN09g06640 6187 4960

DEWAX2 AT5G07580 BnaN19g59730 4529 8799

BnaN02g02250 1228 1642

BnaN12g02040 1204 0

SHINE1/WIN1 AT1G15360 BnaN18g21930 302 0

BnaN08g26410 0 0

BnaN15g11960 352 0

BnaN09g51740 0 0

BnaN06g10230 619 0

BnaN18g46610 0 0

GCN5 AT3G54610 BnaN04g04650 508 454

BnaN04g04690 333 555

BnaN14g33530 289 594

BnaN09g39580 0 0

BnaN14g33490 451 511

BnaN19g17570 2000 1100

MYB96 AT5G62470 Bna15446s0010 8550 484

BnaN02g40410 8815 510

BnaN19g07610 5401 369

BnaN09g06900 6315 453

BnaN13g56450 1458 171

BnaN06g22560 1152 255

Regulation
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Name

Arabidopsis 

gene

Arabidopsis 

gene ID

B.napus 

potential 

homologues 

(DH12075) Epidermis

Whole 

petiole

WSD1 AT5G37300 BnaN04g28050 0 0

BnaN05g14280 10090 0

BnaN05g14290 6551 0

BnaN16g14670 14321 0

WSD1-like           

O-acyl 

transferase

Anomalies from automated 
genome annotation

Tandem duplication?

B. napus WSD1 gene prediction
C genome copy

B. napus WSD1 gene prediction
A genome copy
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Function and 

potential for crop 

improvement

Image from Canola Council of Canada

Smith 2023
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Plant 3

Plant 7

Variant composition for functional studies
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12 October 2021

Thank you.
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