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Geographic differentiation of  floral traits is often 
associated with locally differing pollinator assemblages1. 
The movement of  pollen controls gene flow within and 
among populations, and controls the degree of  genetic 
differentiation among populations.2 C. sessiliflora displays 

 to  to inflorescences across its native 
range. This species is known to be pollinated by bees and 
hawkmoths3,4, although how these pollinators may vary 
across its range are unknown. Understanding genetic 
dynamics of  populations has become integral to the study 
and conservation of  native plant species. This project 
examines the genetic makeup of  two pairs of  populations 
(from the southern and northern range extents, 
respectively) that display different levels of  floral color 
divergence. Using leaf  tissue samples we will compare the 
genetic composition of  these populations with the aid of  
microsatellite markers developed for C. sessiliflora5.  

We expect the populations from the southern range, 
which show greater variation in floral color will 
likely show greater genetic differentiation, as 
opposed to the northern populations which display 
similar floral morphology. 

Methods: 

DNA Extraction & Genetic Analysis: 

•! 4 focal populations were chosen based on observed 
divergences in floral variation, following a range wide 
survey of  floral variation. 

•! Paired samples were located ~140-160 miles apart. 
•! 30 leaf  tissue samples were collected from each location. 
•! Overall inflorescence color was recorded for every 

flowering individual and compared based on Red-Green-
Blue values. 

•! DNA was extracted from leaf  tissue and the genetic 
makeup of  populations was assessed using 7 microsatellite 
primers. 
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Fig. 2: RGB values of  individuals from 
each population plotted in three- 
dimensional space.6 This graph indicates 
significant floral deviation of  the 
Independence Creek population, and 
floristic clustering of  Maddin Prairie, Red 
Shale, and Wanagan populations 
respectively. Independence Creek was 
most dissimilar in overall inflorescence 
color.  
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Pop. Sample 
Size 

No. 
Alleles 

No. 
Effective 
Alleles 

Observed 
Heterozygosity 

Expected 
Heterozygosity 

Fixation  

IC 20.500 5.000 2.929 0.510 0.626 0.204 
MP 18.750 5.625 3.392 0.425 0.592 0.305 
RS 20.375 5.250 2.578 0.475 0.558 0.139 
WA 21.125 5.625 2.777 0.545 0.531 -0.019 

Table 1: Genetic Analysis of  Populations 

Fig. 3: A distance tree showing structural relatedness of  all four populations. The 
above indicates phylogenetic divergence of  the Independence Creek population – a 
possible reflection of  local adaption to pollinator assemblages based on floral variation.   

Table 1: The above  represents the genetic structure of  each population. Expected 
Heterozygosity, measures the amount of  heterozygotes in the population. An increasing 
number of  heterozygotes indicates greater genetic diversity. 

•! Independence Creek, TX. displays both floral and genetic 
differentiation compared to the other three populations. 

•! Independence Creek and Maddin Prairie are geographically 
separated by about 140 miles, despite being genetically distant.  

•! This genetic dissimilarity is paralleled by their divergence in floral 
color, which suggests a similar process could be driving both 
factors – for example, geographically differing pollinator 
assemblages. 

•! Sample size indicates that these results are not conclusive enough to 
make larger scale judgments about this species overall. 

•! Future work: 1) Increase the number of  populations to cover the 
complete range for this species and 2) characterize local pollinator 
assemblages to understand potential drivers of  morphological and 
genetic patterns. 

References: 
1.! Herrera, Carlos M., Marıa Clara Castellanos, and Monica Medrano. "Geographical context of  floral evolution: towards 

an improved research programme in floral diversification."!Ecology and evolution of  flowers!(2006): 278-294. 
2.! Kramer, Andrea T., Jeremie B. Fant, and Mary V. Ashley. "Influences of  landscape and pollinators on population 

genetic structure: examples from three Penstemon (Plantaginaceae) species in the Great Basin."!American journal of  
botany!98.1 (2011): 109-121. 

3.! Crosswhite, Frank S., and Carol D. Crosswhite. "Pollination of  Castilleja sessiliflora in southern Wisconsin."!Bulletin of  
the Torrey Botanical Club(1970): 100-105. 

4.! Unpublished observations 
5.! Fant, Jeremie B. et al. “Characterization of  Microsatellite Loci in!Castilleja Sessiliflora!and Transferability to 

24!Castilleja!Species     (Orobanchaceae).”Applications in Plant Sciences!1.6 (2013): apps.1200564.!PMC. Web. 13 Aug. 
2016. 

6.! Ligges, Uwe, and Martin Mächler.!Scatterplot3d-an r package for visualizing multivariate data. Universitätsbibliothek 
Dortmund, 2002. 

DNA Extraction & Genetic Analysis: 

Extraction of  
DNA from 
leaf  tissue 

Mix DNA 
samples and 
primers, PCR 

Run PCR 
samples on 
CEQ 8000  

Analyze and 
score results  

DNA Extraction & Genetic Analysis: 

Collect and 
dry leaf  tissue 

samples 

Fig. 3: Genetic Distance Among Populations 

150 miles 

Fig. 1: The above 4 focal 
populations were chosen 
based on divergences in 
floral variation. The shaded 
portion of  the map 
indicates the full extent of  
C. sessiliflora’s native range. 




