
Haldane is famously quoted as saying that if god existed he had an inordinate 
fondness for beetles. 
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But we all know that angiosperms represent one of the most diverse groups of 
organisms on earth, with nearly 300,000 described species, from the arctic to the 
tropics, occupying nearly every biome on earth. 
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And we know that angiosperms have had a relatively rapid diversification over the last 
hundred million years or so -- so one of the questions is, what about angiosperms has 
contributed to this rapid diversification and global distribution?



The most obvious characteristic is the reproductive organ itself, the flower, which is 
more diverse than the equivalent structure in any other group of organisms (SCH). Its 
complexity – including genetic and physiological mechanisms -- allow an organism to 
shape the way in which genetic exchange occurs.



And since genetic exchange – or, put another way, “mating” -- affects the distribution 
of genetic variation in space and time, it will ultimately affect the evolution of all other 
traits. So what exactly do we mean when we talk about plant mating systems?



Nearly 95% of angiosperms are hermaphroditic with the hypothetical potential for self-
fertilization, or “selfing”. Despite this, almost half possess complex mechanisms that 
limit or completely prevent self-fertilization. And so ultimately mating system 
describes the degree to which an organisms self-fertilizes or doesn’t -- and i have this 
sort of complicated diagram describing this process here, so hopefully you can follow 
along...



So “mating system” specifically addresses the degree of genetic similarity between 
mating pairs. If the organism is selfing, the genetic similarity is total. It can also 
outcross, with a completely unrelated individual, or something in between. And so you 
can sort of imagine what type of distribution this may take -- it could be normal, with 
most organisms selfing and outcrossing equally, we could see more on one end of 
the distribution….
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And the shape of this distribution will ultimately tell us something about the selective 
pressures governing mating systems in plants. (normal, etc)

The asymmetry in transitions implies either that SI is declining in 
frequency or that it provides a macroevolutionary advantage. 



As it turns out, the distribution is actually bimodal. You see that organisms mostly do 
one or the other. So I’m going to let that sit for a second, and talk first about this group 
of organisms here, the obligate outcrossers. If you think about it, they don’t make any 
sense. It makes quite a bit of sense to self-fertilize – you don’t have to concern 
yourself with pollinators or mates, and each time you create offspring they have 100% 
of your genetic material, circumventing Fisher’s “two-fold cost” of sex. So one 
question is, why doesn’t everything self?

The asymmetry in transitions implies either that SI is declining in frequency or that it 
provides a macroevolutionary advantage. 



These ISI values or “index of self-incompatibility”  values give you an idea of the 
strength of these mechanisms – if zero flowers produced fruit from selfing and 100% 
produced fruit from outcrossing, you have 1-0, or 1. So how does the flower know 
which pollen is its own, and which comes from an individual that is genetically 
different from itself?



The RNase-based gametophytic self-incompatibility mechanism – which has 
been described as the ancestral state for the majority of dicots – gives the 
plant the ability to recognize and reject its own pollen. Explain diagram.

SI systems have arisen many times, though one form of homomorphic SI, the 
RNase-based gametophytic system found in the Solanaceae, Plantaginaceae, 
and Rosaceae, is the ancestral state for the majority of dicots
This finding rejects the view (e.g., Weller et al. 1995) that the ancestor of most 
eudicots (ca. 90–100 million years ago) was SC. Instead, it implies that the 
common ancestor of ca. 75% of dicots was GSI and that SSI arose 
independently at least 10 times within higher eudicots



There’s also another system, SSI, in which the rejection is determined by the diploid 
genotype of the pistillate parent..



But it’s outrageously complicated so we’re not going to talk really about that



There are, in addition to these genetic homomorphic systems, even more 
mechanisms that promote outcrossing



Fig. 3: Heterostyly in Lythrum salicaria (Richards 1997). Heterostyly indicates the
presence of two or three flower morphs within a population -- displaying differences
in the length of the pistils and stamens. These morph phenotypes are linked with genes
that prevent the pollen of one morph from fertilizing a flower of the same type.



In dichogamous species, male and female sexual organs are produced in different
phases. The above depicts Amasonia obovata in the male phase (A and B) and female
phase (C and D) (Schvinn et al. 2014). This adaptation is thought to reduce the
potential for inbreeding, in addition to reducing pollen-pistil interference.



Fig. 5: Dicliny: A small percentage of angiosperms are diclinous, with male or female
flowers.



So, as the old saying goes, there are more ways of killing a cat than choking it with 
cream – and many of these mechanisms are getting at the same thing – suggesting 
that there may be some selective advantage conferred by the prevention of selfing. 
So, in microevolution the unit of selection is the organism (or genes, depending on 
who’s asking), and evolution is played out by which organisms or genes survive to 
reproduce. In macroevolution, the unit of selection is the population, and we’re 
looking at which populations speciate or go extinct.



Well, how do we do this? You might imagine a phylogeny, the tips showing extant 
species. These colors represent two binary character states, in this case selfing and 
outcrossing. What you’re seeing here, however is only part of the picture, so you may 
want to look at something like this instead…



Now we can still see the tips of extant species, but also we can get a more complete 
picture of what’s occurring. But how can we build a phylogeny like this if lineages 
diversified and went extinct millions of years ago? And, as you know, we have some 
paleological insights, but mostly….



Math. Explain the diagram (BiSSE). So you run your known species, states, and their 
evolutionary relationships through this model millions of times – with some fancy 
statistical procedures that sound like Miami nightclubs -- it’s going to look for the most 
likely values for these variables given what exists now. And what you’re left with, 
when you subtract speciation from extinction, you’re left with the “net diversification 
rate” for each of these groups. And it turns out…



That the net diversification rate of selfers is actually much lower than that of 
outcrossers. In fact, it’s actually negative. So there is some sort of selective 
advantage being conferred by predominate outcrossing. And there is a lot of good 
work that’s being done on why that’s the case that I don’t have time to talk about now, 
but if you want to talk about it later I’d be happy to. Really, really happy.



So, what is the type of work I’m planning to do for my dissertation? As we are all 
aware now, everything within the plant body is connected – literally. These traits don’t 
exist within a vacuum, but within the overall “bauplan” of the organism. And while 
mating systems do fundamentally control genetic exchange, they still exist within a 
milieu of other traits. 











So I am interested in determining these potential correlations. 



And the way this is done is by gathering a bunch of data for species whose mating 
system has been characterized



And what this allows you to do is…math. You can perform statistical analysis, or 
create contingency tables as they’ve done from the biogeography paper here, to 
determine which traits are strongly correlated and which are not.



And another aspect of our lab’s work is concerned with simply determining 
which families contain which types of SI, and what that distribution may be 
within the family – as currently there are enormous gaps in our knowledge that 
make detailed analysis difficult. 

Note that Rosaceae, Solanaceae, and Plantaginaceae share the homologous 
RNase-based GSI mechanism (each is marked by an asterisk, as is the 
ancestral node). Families with SI systems whose genetic basis is known and 
molecular basis is at least partially characterized are in bold. Although the 
molecular basis for Campanulaceae is unknown, it appears not to be 
controlled by the RNase-based system.



Thx to the lab


