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Evolutionary biologist – ask why questions 
Plant biologist – use plants to answer why questions 



Why are there so many beautiful flowers? 

Ipomoea chenopodiifolia in Oaxaca, Mexico Ipomoea alba – moonflower, blooms at night 



Introduction:   take home messages… 

Tell a story to answer a why question 
1. Classic study 
evolution of flower color 
Epling, Dobzhansky, Lewis, Ball, Wright 
 

desert annual, Linanthus parryae 

white & purple 
flowers 

2. Recent research by colleagues 
evolution of flower color related to pollinators 
Erin Tripp & Paul Manos 

Ruellia amoena 

red flowers 
attractive to  
hummingbirds 

3. Example of our research develop 
phylogeny for morning glories based 
on sequences of whole chloroplast  
genomes 
Lauren Eserman, George Tiley, et al. 

whole plastomes 
sequenced for 
29 morning glory 
species 

Ipomoea pedicellaris 



Phylogenetic systematics 
Chuck Bell (UNO), Jim Leebens-Mack & Lauren Eserman (UGA) Robert Scotland (Oxford U) 
 
 
 
 
Evolution of morning glory flowers and their pollinators 
Silvana Martén-Rodríguez (Instituto de Ecología, Veracruz), Mauricio Quesada (UNAM) 
 
 
 
 
Evolution of flowers and statistics of evolutionary transitions 
Stacey Smith (U. Colorado) 
 
 
 
Evolution of flower color biosynthetic pathway in morning glories 
Mark Rausher (Duke U) 

 
Introduction:   take home messages….  1. Research involves collaborations among many 

scientists from all over 
 



Introduction:   take home messages… 2. complicated concepts 

Take home messages 

2. We use complicated concepts to understand natural phenomena 
 

flower color has a genetic basis, a new generation each year, 
flower color varies from year to year and from population to population 
what is evolution? 

desert annual 
Linanthus parryae 
 
white & purple 
flowers 



Introduction:   take home messages… 3. simplified abstractions 

Take home messages 

3. We explain complicated phenomena by considering simple cases -- 
abstractions to capture the essence 
 

Ruellia borania 
purple flowers Ruellia humboltiana 

red flowers 

Evolutionary transitions between purple and red flowers 



Introduction:   the beauty of flowers 

Are flowers beautiful? Why? 

Can science tell us whether flowers are beautiful or not? 
philosophy of science question…. 



Introduction:   the beauty of flowers 

Are flowers beautiful? Why? 

diversity of shapes, colors, (and sizes) 



Introduction:   Why are there so many beautiful flowers?  The answers… 

Rephrase the question: 
 
Why do flowers come in so many shapes and colors? 

1. Adaptation to different pollinators –  
bees, birds, butterflies, moths, bats, beetles, etc. 
 
2. Adaptation to different mating systems -- 
selfing versus outcrossing 

How do we address this question?  
 
tell you a story 



Introduction:   review parts of a flower 

Can you find these parts on your flower? How many of each part? 
Are some of the parts fused? Petals together form the corolla 

Pollen 

Egg 



Introduction:   review parts of a flower 

Can you find these parts on your flower? How many of each part? 
Are some of the parts fused? Petals form the corolla; tubular corolla 

sweet potato, Ipomoea batatas 

sepals 
 
petals 
 
stamens (male) 
 
pistil (female) 



Introduction:   pollination and fertilization 

pollen released from anther 
lands on stigma 
-- pollination 
 
pollen tube germinates 
grows down style to ovary 
pollen fertilizes the egg 
-- fertilization 
 
zygote develops into embryo 
 
embryo and surrounding  
structures develop into a seed 

genetically unrelated individuals 

(1) & (2) selfing                   (3) cross fertilization -- outcrossing 



What is evolution? Evolution of flower color in Linanthus parryae 

Simplify the question -- flower color in populations of 
a single species -- white flowers versus purple flowers 

Count the number of purple and white flowers in populations in different  
years – each year is a new generation 

Linanthus parryae 



What is evolution? Evolution of flower color in Linanthus parryae 

Evolution: change in the genetic composition of a population  
from one generation to the next… why do proportions change? 

If we observe differences in the proportion of white versus purple flowers 
from one year to the next … we have observed evolution 



What is evolution? Evolution of flower color in Linanthus parryae 

Census in 1941 by  
Carl Epling and Theodosius Dobzhansky 
 
Number of blue and white flowered plants at 
four different stations distributed every 0.5 
miles along a 200 mile grid of roads traversing 
the Mojave Desert 
 
White-flowered individuals most abundant 
(78%) 
 
Flower color varied from population to 
population 

Carl Epling, Harlan Lewis, Francis Ball  
carried out long-term study 
 
Censused populations for seven years 
 
Flower color varied from year to year 



What is evolution? Evolution of flower color in Linanthus parryae 

Sewall Wright 
 
Careful examination of 
data 
 
Detailed mathematical 
analyses 

Differences between populations and differences 
from year to year was due to random changes 
 
Process called genetic drift 
 
Some years white flowered individuals  
produce more seeds – year to year differences 
 
Limited seed dispersal – population differences 
 
Not due to pollinators, adaptation,  
natural selection, etc. 



Coevolution between flowering plants and pollinators 

Ipomoea quamoclit 
narrow, red tubular corolla 
exserted stamens 
nectar – high sugar conc. 
visited by hummingbirds 

Ipomoea lindheimeri 
funnel-shaped, purple/blue corolla 
inserted stamens 
visited by bees 

random? more to consider 



Coevolution between flowering plants and pollinators 

Verne and Karen Grant studied many species of Phlox (1965) 

           Bee flowers:  generalists                            Hummingbird flowers: specialists 
      Evolutionary transitions – one lineage gives rise to another lineage 



Coevolution between flowering plants and pollinators 

Ruellia elegans 

preferred by hummingbirds 

Ruellia caroliniensis  Ruellia humilis  

preferred by bees 

blue/purple 
generalist  

red 
specialist 

Erin Tripp and Paul Manos – Study of Ruellia species 



Coevolution between flowering plants and pollinators 

Erin Tripp and Paul Manos 

1.  300 species of Ruellia – 125 spp. included in their study 
 

2. Morphology of flowers 
shape of flowers consistent flower color 
funnel-shaped corollas - blue, tubular corollas -- red 

 
3.  Pollinator observations 
blue – visited by bees, red – visited by hummingbirds 
 
4. Constructed a tree diagram showing  
how Ruellia species were related 
using DNA sequence data – phylogeny 
 
5. Examined how Ruellia species with  
different-colored flowers were distributed 
across the phylogeny 
 
 



Coevolution between flowering plants and pollinators 

diagram 
of relationships 
among Ruellia 
species – 
phylogeny 

Red-flowered species derived  
from purple-flowered ancestor 

Focus on purple & red 



Ruellia borania 
purple flowers Ruellia humboltiana 

red flowers 

Evolutionary transitions between purple and red flowers 

Coevolution between flowering plants and pollinators 

? 



Population of flowers: Must be genetic variation. Evolutionary transitions represent 
change in the frequency of different morphs – red-flowered morph and  
purple-flowered morph. Generation 1 

Evolutionary transitions between purple and red flowers 



Population of flowers: Must be genetic variation. Evolutionary transitions represent 
change in the frequency of different morphs – red-flowered morph and  
purple-flowered morph. Generation 2 

Evolutionary transitions between purple and red flowers 



Speciation: Single widespread population becomes divided due to some event 
(e.g. mountains) into two populations. Evolve in different directions. 

Evolutionary transitions between purple and red flowers 



Speciation: Single widespread population becomes divided due to some event 
(e.g. mountains) into two populations. Evolve in different directions. 

Evolutionary transitions between purple and red flowers 



Speciation: Single widespread population becomes divided due to some event 
(e.g. mountains) into two populations. Evolve in different directions. 

Evolutionary transitions between purple and red flowers 



Coevolution between flowering plants and pollinators 

diagram 
of relationships 
among Ruellia 
species – 
phylogeny 

Determine distribution of transitions between 
different flower colors 

Focus on purple & red 



Coevolution between flowering plants and pollinators 

Hypothesis:  Purple                                                                 Red 
      Generalist               Specialist 

Prediction: observe 
transitions from purple 
to red 
 
purple-flowered ancestors 
give rise to red-flowered species 



Coevolution between flowering plants and pollinators 

Result:          Purple                                                                  Red 
      Generalist               Specialist 

Evolution in response to 
pollinators is very dynamic! 
 
Transitions between  
red to purple were common 
 
Coevolution between  
flowering plants and their 
pollinators results in  
tremendous flower diversity 



Evolution of mating systems 

Not all flowers are big and showy 

Ipomoea lacunosa 
capable of selfing 
 
reproductive assurance 
overcome challenging of  
inbreeding 

Ipomoea cordatotriloba 
requires cross fertilization -- outcrossing 
 
requires pollinators 
avoids inbreeding 
inbreeding may lead to “birth defects” 



Why are there so many beautiful flowers? 
 
1. Adaptation to different pollinators/ coevolution between 
flowering plants and animals 
 
2. Evolution of different mating systems/ selfers versus 
outcrossers 

Morning glories and different pollinators 



Evolution and systematics of morning glories 

Stictocardia beraviensis 

Morning glories 
 
Study organisms: 
  easy to grow from seed 
  large flowers 
  fast growing 
  diverse and widespread 
   
700 species 
 
Subtropics and tropics worldwide 



Evolution and systematics of morning glories 

Morning glories 
 
Very well studied 
 
Flowers and their pollinators 
 
Genetics of flower color 
 
Evolution of  biosynthetic pathway 
produces flower color 
 
 

Ipomoea purpurea in soybean field  



Evolution and systematics of morning glories 

Morning glory systematics 
 
Understand evolutionary relationships among the 700 species 
 
Construct a phylogeny including as many species as possible 
 
Systematics of these tropical plants is complicated 
 
Completed systematic studies, but… 
 
Objective: develop a strong scaffold – well-supported tree 
to identify major groups within extremely diverse flowering plants  
 
 

Ipomoea lobata 



Evolution and systematics of morning glories 

Morning glory systematics 
 
Lauren Eserman and George Tiley -- Southeastern students led the 
research effort 
 
Also included: Molly Chester, Sean Major, Amanda Wells, Parker 
Melech, and Brooke Self 
 
In collaboration with Jim Leebens-Mack (U. Georgia) 
 
 
Sequenced whole chloroplast genomes for 29 species 
 
Very strong molecular data for constructing a phylogeny 
 
Identified major groups within morning glories 
 
Important contribution 
 
 

Ipomoea carnea 



Evolution and systematics of morning glories 

Plant cell 
Three genomes in plants: 
 
1. Nuclear 
500 - 1120 Mb 
 
2. Mitochondrial 
200 – 2,900 kb 
 
3. Chloroplast 
160 kb 
 
DNA in four-letter code -- A G T C 
each letter a base pair 
 
Mb = 1,000,000 base pairs 
kb = 1,000 base pairs 
 
genome – all the genes of an 

organism 
 
 
 



Evolution and systematics of morning glories 

1. Extract DNA from leaves of live plants 
chloroplast genome is well represented 
 
2. Send DNA to lab to carry out Next Generation sequencing 
huge amount of data generated  -- gigabytes of data 
 
3. Assemble 130 bp pieces into 160,000 bp chloroplast genome 
 like putting together a puzzle  
 
4. Make a matrix of the genome sequences for 29 species 
 
5. Statistical analysis of matrix to construct a phylogeny 

Ipomoea arborescens 



Evolution and systematics of morning glories 

Ipomoea nil 

Assembled and annotated chloroplast genome 



Evolution and systematics of morning glories 

Matrix of the sequence data for 33 chloroplast genomes 



Evolution and systematics of morning glories 

Phylogeny for  
morning glories 
 
Well-supported 
tree 
 
Major groups identified 
 
Strong result 

Eserman et al. 2014. American Journal of Botany 101: 1-12 



Evolution and systematics of morning glories – Why are there so many beautiful flower? 

Phylogenetic systematics 
Chuck Bell (UNO), Jim Leebens-Mack & Lauren Eserman (UGA) Robert Scotland (Oxford U) 
 
 
 
 
Evolution of morning glory flowers and their pollinators 
Silvana Martén-Rodríguez (Instituto de Ecología, Veracruz), Mauricio Quesada (UNAM) 
 
 
 
 
Evolution of flowers and statistics of evolutionary transitions 
Stacey Smith (U. Colorado) 
 
 
 
Evolution of flower color biosynthetic pathway in morning glories 
Mark Rausher (Duke U) 


