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Relationship between flowering time 
& pollen to ovule ratio 

Studies have shown a positive correlation between 
flowering time and pollen to ovule ratio 
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Sexual Allocation 
• Pollen  to ovule ratio (P:O) is a measure of 

sexual allocation 

 

• Sexual allocation is the amount of resources a 
plant puts into its male vs. female 
reproductive organs 

 

• Sexual allocation has a direct effect on a 
plant’s reproductive success 

 



Flowering Time 

Why does flowering time matter to us? 

• Harvest time 

• Tourism 

 

Why does flowering time matter to plants? 

• Pollinators 

• Seasonal changes 

 



Genetic Correlation 

   

• What causes it? 
– Pleiotropic effect 

– Linkage  

• What does it cause? 
– Traits will evolve together, not independently 

 

We are testing to see if the observed positive correlation 
of flowering time and  sexual allocation is a positive 
genetic correlation. 





Clarkia xantiana ssp xantiana 



Kern County & Lake Isabella Area 

H99 

UCSB 



Greenhouse selection experiment 

The focus is to compare the pollen to ovule ratio between  
early flowering plants and a control group  

 



Clarkia Lines 
Base Generation  

Collected from Highway 99, Kern County  
150 Families 

Control 
Generation 1  

Randomly Selected 
30 families 

Early Flowering  
Generation 1 

Selectively Bred 
30 families 

 

Control  
Generation 2 

Randomly Selected 
15 families 

 

Early Flowering  
Generation 2 

Selectively Bred 
15 families 

 
 

Control  
Generation 3  

Randomly Selected 
6 families 

Early Flowering  
Generation 3  

Selectively Bred 
6 families 



Methods 
Bud with ovary attached 

Clarkia with anthers  



Ovule Counts 
 

 

A dissected Clarkia ovary  
with ovules 

Cross section of an ovary  
with locules 

I mm 



Pollen Counts 

50 µm  
 

Clarkia pollen grains 

Cross section of an anther 

100 µm 



Predictions 
 

Control Early Flowering

Low 
 

High 
 

Pollen to Ovule Ratio (P:O) 
 Prediction 1 
Since early flowering 
plants flower notably 
sooner then the control 
group they will have a 
lower P:O 
 
Implication 
Traits are genetically 
correlated and evolve 
together. 
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Predictions 

Control Early Flowering

Pollen to Ovule Ratio (P:O) 
Prediction 2 
 Early flowering plants 
would have about the 
same P:O as the 
control. 
 
Implication   
traits are not  
genetically correlated 
and evolve 
independently 
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Progress to date 
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The average P:O ratio is higher in early flowering plants. 
 Preliminary analysis indicates there is no statistical difference between the two.  

Data supports prediction 2 



In conclusion 
 
 

If sex allocation and flower time are  
selected for independently there 
 must be a selective advantage in  

order for both of these traits to evolve 
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Pollen Count 
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Ovule Count 
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Results including HA and HA control 
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Future Work 

• Complete the data set (N=30 for each line)  

 

• replicate the experiment for another taxon 

 

• Look into the selective advantages of flowering time 
and P:O  

 

• Look at another trait and it’s relation to P:O 



What is a mating system? 

  A mating system is 
determined by the 
pattern of union 
between egg and  

 sperm within or  

 among individuals. 

 

 Two different mating systems 
 (a) self-pollination and (b) cross-pollination 
 

www.cbsemaster.org 

 



Importance of mating system 

•Environmental cues  
• Correlated traits 
•Reproductive assurance 
 

 

Reasons mating system may evolve: 

 
Understanding the factors that may lead to the evolution of 

self-pollination which in time may cause lower fitness 

 

 

  



Mating System & pollen to ovule ratio 

Outcrossing 
 

Selfing 

Pollen to Ovule Ratio Low High 
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Mating system and flowering time 
M

at
in

g 
Sy

st
em

 

Selfing 

Outcrossing 
 

Flowering time 
 

Early 
 

Late 
 



Works Cited 

Charnov, Eric L. “On sex allocation and selfing in higher plants” 
Evolutionary Ecology 1 (1987): 30-36.  

 
Cruden, Robert William. “Pollen-Ovule Ratios: A  Conservative 

Indication of Breeding Systems in Flowering Plants” Evolution  31.1 
(1977): 32-46. 

 
Mazer, Susan J., Dudley, Leah S., Delesalle, Veronique A., Paz, Horacio, 

Galusky, Preston. “Stability of pollen-ovule ratios in pollinator-
dependent versus autogamous Clarkia sister taxa: testing 
evolutionary predictions” New Phytologists 183 (2009): 630-648. 

 
Wright, Michael A.R., Ianni, Michael D., Costea, Mihai. “Diversity and 

evolution of pollen-ovule production in Cuscuta (dodders, 
Convolvulaceae) in relation to floral morphology” Plant System 
Evolution 298 (2012): 369-389.  


