
Research Question

Do shorter pistils and pollen tubes increase 
reproductive thermotolerance in tomato?

• It is hypothesized that shorter pollen tubes and 
shorter pistils will facilitate increased 
thermotolerance by reducing growth distance 
and decreasing the probability of premature 
rupturing.

Data Analysis & Results

Methodology

• Measure tomato pistil lengths, and identify 
flowers with longest and shortest pistils

• Quantify pollen tubes of the flowers with 
shortest and longest pistils by length and burst 
rate in ImageJ

• Import data to RStudio: analyze and visualize 
results

Interpretations and Conclusions

• Pollen tube length is strongly correlated with pollen 

tube burst rate (p-value: 0.00615, R2: 0.6964)

• Short pistil traits need to be stacked, since burst rates 

are not correlated with pistil lengths.

• Identifying genes responsible for short pollen tube 

lengths aids in developing thermotolerant crops, a 

necessity with rising global temperatures.  

Analysis of pollen-pistil interactions to model reproductive 

thermotolerance in tomato
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Importance and Rationale

PROBLEM: All cultivated 
tomato varieties are heat 
sensitive.

• Heat-tolerant plant systems are 
becoming increasingly important, 
especially under rising global 
temperatures.

• This project identifies breeding 
strategies to increase tomato yield 
under elevated temperatures.

Figure 1: Pistils from the cultivated 
tomato. Under typical agricultural  
temperatures, pollen delivery is 
possible (left).  Under heat stress, the 
pollen tubes break, precluding 
fertilization (right). Image from 
Warman et. al., 2021.



Tomato Anatomy

• Plant reproduction involves two 
primary structures: the anther and 
pistil.

• In tomatoes, the anther forms a cone 
around the pistil encasing pistil inside

• The anther cone releases pollen 
interiorly toward the pistil

• Anthers produce pollen, which is 
received by the stigma (top of pistil) 

• Pollen grains germinate and form 
pollen tubes that grow to the ovary, to 
fertilize the ovules.

• Fertilized ovules give rise to seeds and 
fruits develop to protect the seeds
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Figure 2: Reproductive cycle of Solanum species.  Dashed green 

line indicates pollen tube (shown in developed tomato for 

context). Image by researcher.



Pollen & Heat Stress

• Pollen tubes carry its sperm 
through the extracellular matrix 
of the style. Once the pollen tube 
reaches the ovules, the tube 
bursts, releasing the sperm cells 
to fertilize and form seeds/ fruits 
(Cheung, 1996). 

• Pollen from thermosensitive 
species may burst prematurely 
before reaching the ovules under 
heat stress, precluding 
fertilization and seed / fruit 
formation.

Figure 3: Successful pollen tubes under 26 oC
normal temperatures (top) and burst pollen tubes 
under 34 oC heat stress (bottom). Image by 
researcher, data courtesy of Dr. Cedar Warman.



Tomato Genetic Diversity Panel

• This project characterizes tomato flowers from different regions of 
South America

• 98 accessions of  
S. lycopersicum
(red/orange) and 
S. pimpinellifolium
(cyan/grey) were 
analyzed in this 
study.

Figure 4: Tomato diversity panel, 
with species labeled by color. Image 
from Razifard et.al., 2020.



Research Question and 
Hypothesis

• Do shorter pistils and pollen tubes increase 
reproductive thermotolerance in tomato?

• It is hypothesized that shorter pollen tubes 
and shorter pistils will facilitate increased 
thermotolerance by reducing growth 
distance and decreasing the probability of 
premature rupturing.

IV: Tomato accession

DV: Pollen tube burst rate under heat stress; 
pistil and pollen tube lengths



Methodology: flower measurements

• Flowers are partially dissected 
to reveal the pistil.

• Using calipers, the pistil is 
measured from the base of 
the ovary to the top of the 
stigma.  

• Measurements are performed 
in replicates of 12 per 
accession.

Figure 5. Diagram of pistil length measurements of 

tomato flower longitudinal section.  Image by 

researcher.



Methodology: measuring pollen tube 
length

• Blind and randomize images by 
not assigning accession 
identifiers to the images until 
all measurements are 
performed.

• In ImageJ, measure the lengths 
of ten pollen tubes (in pixels) 
grown at 26 oC for each image 
after 2 hours growth.

• Convert pixel lengths to µm 
using a conversion factor.

Figure 6. Pollen tube of tomato. Image and measurement line 
by researcher, data courtesy of Dr. Cedar Warman.



Methodology: pollen tube burst rates

• Conducted after 2 
hours of growth at 
both 26 oC and 34oC 
conditions

• Used CellCounter
analysis tool

• Mark each burst tube, 
successful tube, and 
unknown tube with 
labels

Figure 7. Pollen tube of tomato. Image by researcher, data 
courtesy of Dr. Cedar Warman.



Methodology: data analysis

R coding language

• Import all data and filter 
by complete cases

• Perform statistical tests

• Correlate data, and 
create boxplots and 
linear regressions



• Premature pollen tube burst rates 
are higher under elevated 
temperatures.

• All accessions have significant 
differences between 26 oC and 34 
oC (pairwise t-test p-values < 
0.0001)

• Kruskal Wallis p-values: 0.01512 for 
the 26 oC condition, and 2.551e-6 
for the 34 oC condition.

• At 34 oC, CW0081 had significantly 
lower bursting than all other 
accessions except CW0056. 

Results

Figure 8. This graph depicts tomato pollen tube bursting 
under heat stress and control temperatures.



Analysis of Burst Rates

Pollen tubes burst significantly more under heat 
stress.

Longer pollen tubes are perhaps more likely to burst 
at 34 oC since they are unable to grow to their full 
length at high temperature stress.

To perform this correlation, pollen tube lengths 
were measured at 26 oC (after 2 hours growth time) 
for 8 accessions



• The mean pollen tube lengths of 
the accessions range from 
~200μm to ~400μm.

• At least 69 tubes were measured 
in each accession (from 8 replicate 
images). 

• Kruskal-Wallis and Dunn’s Tests 
were performed, demonstrating 
statistical significance between 
several accessions.

Figure 9. This graph shows pollen tube length variation (at 
26 oC) among selected tomato accessions.



• The mean pollen tube 
length at 26 oC correlates 
with pollen tube burst rate 
at 26 oC

• The results of the pollen 
tube length and burst rates 
were plotted using a linear 
regression 

• The relationship had a         
p-value of 0.00615 and        
R2 value 0.6964: indicating 
strong significance.  

Figure 10. This graph shows a correlation between pollen tube length growth 
potential (26 oC) and pollen tube bursting at 34 oC



Analysis of Tube Lengths

Pollen tubes that survived heat stress were from 
accessions with shorter pollen tubes. 

Shorter pistil length would also facilitate shorter 
pollen tube growth time, since the tubes would not 
need to travel as far. 

To test this hypothesis, pollen tube lengths were 
correlated with pistil lengths of the same accession. 
For this, pistil lengths needed to be measured.



• 1,176 flowers from 98 tomato accessions (in replicates of 12). 

• There were significant differences between chosen accessions (Kruskal-Wallis 
p-value: 9.729e-14) with lengths ranging from ~6.5mm to ~11mm. 

• Next step: determine if there is any correlation between pistil length and the 
length of pollen tubes.

Figure 11. This graph depicts the pistil lengths measured in this experiment, and the variation between 
tomato accessions.  Accessions with measured pollen tubes are indicated in purple.



• Pistil lengths and pollen tube lengths are not correlated

Figure 12. This graph depicts correlation between pistil length and pollen tube length 
growth potential (26 oC)



Discussion

• Since pistil and pollen tube lengths are not correlated, the traits need to be stacked.

• Pistil lengths fluctuate based on abiotic stresses, possibly why there was no correlation 

between pistil and pollen tube burst rate.  Pistil lengths varied by accession, indicative of 

some correlation to their genotype.

• Without the guidance of the pistil, in vitro pollen tubes were unable to achieve their in vivo 

lengths. Therefore, the pollen tubes were shorter than the pistils (Palanivelu et. al., 2011).

• Due to the sensitivity of the cell wall formation, bursting events are most likely to occur at 

the tip of the tube. Shorter pollen tubes grow at a slower rate, and accordingly face a 

decreased chance of premature bursting.    



Conclusion and Practical Application 

• This research discovered that tomato accessions with shorter 
pollen tubes have increased reproductive thermotolerance. 
Pollen tube length is significantly correlated to pollen tube burst 
rate under elevated temperatures

• Since pollen tube bursting is not correlated with pistil length, 
short pollen tube and short pistil length phenotypes should be 
stacked to maximize reproductive thermotolerance

• This research represents a direct benefit to the agriculture by 
developing thermotolerant crops: a necessity with rising global 
temperatures.  



Future Research
• CW0081 had the shortest pollen tube AND shortest pistil 

length. Future analysis of this accession will be performed 
to determine the genotype responsible for these 
occurrences.

• Pollen tube lengths are mediated in part by genetic loci.  Up-
expressed pollen genes in accessions with short pollen tubes 
may be knocked out using CRISPR, to determine which 
gene(s) is responsible for heat-stress resistance.

• This research may be extended to Solanaceae-family crops, 
including potatoes and peppers, to increase heat-tolerance 
in other species.
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