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Rethinking chilling in OSR

I’ll show how yield potential in winter rapeseed is shaped by 
sequential chilling responses in different tissues.
I’ll show how these chilling responses are controlled by three 
classes of FLOWERING LOCUS C genes expressed at different 
developmental stages.
I’ll show how incomplete chilling leads to yield penalties



UK winter OSR phenology vs calendar year
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Yield instability in winter oilseed rape due to 
weather variation between years

• 1 tonne = GBP 400 per 
hectare

• £250 million for the UK 
economy is at stake every 
year from yield variation in 
winter oilseed rape.
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Winter annual behaviour in Brassicas is conferred 
by FLOWERING LOCUS C (FLC) activity



B. Napus has up to 9 FLC genes

Calderwood et al., 2020



Using whole UK yield data 1990-2016, temperature 
relationships with yield
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WOSR yield versus temperature relationships invert at floral 
initiation
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Class 1 FLCs



FLC genes exist that have nothing to do with the vegetative 
to floral transition

Floral initiation
vegetative reproductive



Deployment of warming cables either side of 
the plants

Carmel O’Neill



Thermal Imaging of field trials at the JIC experimental Farm



Warming WOSR in October delays 
flower development by up to 1 month
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Class 1 FLC genes mediates the effects of 
autumn chilling on the timing of floral 
initiation. 
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October warming delays 
floral initiation by 4 
weeks, but delays 
flowering in spring by 
only 1 week

So somehow the warmed 
plants catch up….



Class 2 FLCs



Thermal Imaging of field trials at the JIC experimental Farm



Warming in winter after floral initiation also 
delays flowering in the field
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Simulation of complete winter annual growing 
seasons in real time, with warming interruption

-5.0

0.0

5.0

10.0

15.0

20.0

25.0

30.0

35.0

1

48
1

96
1

14
41

19
21

24
01

28
81

33
61

38
41

43
21

48
01

52
81

57
61

62
41

67
21

72
01

76
81

81
61

86
41

91
21

96
01

10
08

1

10
56

1

11
04

1

11
52

1

12
00

1

12
48

1

12
96

1

13
44

1

13
92

1

14
40

1

14
88

1

15
36

1

15
84

1

Control

S O N D J F M A M J J

Warm winter

Te
m

pe
ra

tu
re

 (°
C

)

Floral
initiation

E

D

Te
m

pe
ra

tu
re

 (°
C

)



Warming WOSR during winter flower 
development delays bolting and flowering
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inflorescence dormancy



Warming in winter specifically prevents 
silencing of Class 2 FLC genes

Control
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Flower bud responses to warming are not a 
generalised stress, but related to life history
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Class 2 FLC genes control flowering time via flower bud 
development in response to deep winter chilling
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Effect of winter warming on seed set in full 
growing season simulations
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Healthy control plant



Class 3 FLCs



Variation in chilling intensity in winter 
oilseed rape affects seed size
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QTL mapping identifies FLC loci involved in the 
regulation of seed size by maternal vernalisation

QTL for unvernalised seed size
QTL for vernalised seed size

QTL for vern/unvern ratio seed size

FLC FLC

Rachel Wells



Class 3 FLC genes are expressed mainly during seed 
development and control Thousand Grain Weight
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WOSR + + + + + + +++

Lack of flower bud chilling leads to yield effects in WOSR that resemble those in 
perennial crops



So what have we seen?

High yield in WOSR depends on adapting chilling requirement to the 
prevailing environment, and variation in chilling between growing 

seasons accounts for yield variation in the UK WOSR crop.



So what have we seen?

WOSR has a winter flower bud requirement for chilling in a manner 
that parallels perennial species.



So what have we seen?

FLC can also directly affect seed traits such as thousand grain weight 
and contribute to variation in TGW between growing seasons



So what have we seen?

Three classes of FLC genes respond to chilling during vegetative growth, 
floral development and seed development and link yield potential to 

available chilling
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