
Untangling the Mechanism of Gene Flow among Groundcherry Species (Physalis L., 

Solanaceae) 

INTRODUCTION: Gene flow among species changes the evolutionary history of a genus. There 

are many different types of barriers to prevent gene flow between species, but the breakdown of 

these barriers can allow introgression among species. Plants have evolved a genetic recognition 

system to reject pollen from other species, interspecific unilateral-incompatible (UI) (Bedinger et 

al., 2017). Recent research has reported that self-recognition systems share genes and similar 

mechanisms with the recognition of interspecific pollen (Broz et al., 2017; Bedinger et al., 

2017). In this case, species that are self-incompatible (SI) would be incompatible with self-

compatible (SC) species, by not 

accepting pollen from the SC individual. 

However, the reciprocal cross will work 

(SC species accepting pollen from SI 

species), this phenomenon is commonly 

known as the SI/SC rule. While the 

SI/SC rule is a trend (Baek et al., 2015), 

there are reasons why this rule does not 

always hold (Bedinger et al., 2017; 

Chomentowska & Miller, 2019). Since 

genes are shared between these two 

systems, if one gene that is necessary for 

both systems becomes non-functional, both systems will no longer reject pollen. In some cases, 

the genes needed only in the UI system becomes non-functional, allowing the individual to still 

reject its own pollen, but not pollen from other species (Bedinger et al., 2017).  

The tomatillo genus, Physalis L. is the ideal system to study how gene flow changes with 

different incompatibility systems. Physalis has an interesting evolutionary history, economically 

important crops, and has a unique documented bottlenecking event in the genus. Physalis 

comprises roughly 90 species, making it one of the largest genera in Solanaceae, with most of its 

diversity in North America. While understanding the evolutionary history of Physalis has been 

attempted in the past (Whitson & Manos, 2005; Zamora-Tavares et al., 2016; and Deanna et al., 

2019), low confidence of the relationships along with conflicting results has resulted in more 

confusion than clarification. Even the age of the group has great discrepancies ranging from 52 

million year (Wilf et al., 2017) to only 5 million years old (Zamora-Tavaras et al., 2016). In this 

situation, adding more genes has not helped in our understanding of Physalis evolution, and that 

is why I am proposing that, to better understand the evolutionary history of this group, we need 

to investigate the patterns of gene flow that could lead to conflicting phylogenetic signals. 

My main hypothesis is that the incongruence within Physalis is due to occasional 

hybridization that is caused by irregular breakdown of self-incompatibility. It has been 

shown that hybrids can be successful sometimes but not always (Menzel, 1951; Sullivan, 1984; 

Hinton, 1978). Fig. 1 shows a morphological intermediate (c) between P. hederifolia A. Gray (a) 

and P. heterophylla Nees (b). Individual pictured in c was grown out from seed collected from P. 

hederifolia (a) that was growing sympatric with P. heterophylla (b). 

Although we know hybrids occur within the genus, we do not understand the rate and 

neither if they are successful. Within Solanaceae there are five hypothesized processes that have 

shared genes between these two systems (SI & UI; Bedinger et al., 2017). For example, in 

Solanum L. (the potato group), SI and UI recognition systems require SRNase genes along with 

Fig. 1: Hybrid from field collected seeds, A: P. hederifolia; 

B: P. heterophylla; C: Intermediate (morphologically 

having different leaf shape, foliage color, and 

glandular/non-glandular trichomes) 

 



HT genes, while several species in Nicotiana L. (the tobacco genus) do not require the HT genes 

used in the UI recognition system (Tovar-Mendez & McClure, 2017; Bedinger et al., 2017). We 

currently don’t know anything about the UI system in Physalis and which factors are shared 

between SI and UI.  

METHODS: This project will focus on five 

Physalis species, P. acutifolia (Miers) 

Sandwith, P. cinerascens (Dunal) Hitchc., 

P. heterophylla Nees, P. longifolia Nutt., P. 

hederifolia A. Gray, and P. fendleri A. 

Gray. These species were chosen due to 

discrepancies in their placement in the 

phylogeny (Fig. 2), overlapping ranges, 

and occurrence in sympatry. All species, 

besides P. acutifolia, have had 

chromosome squashes done, and are 

diploids. (Menzel, 1951; Chiarini et al., 

2019). 

Aim 1: Identify potential 

morphological hybrids using herbarium 

specimens. In order to find more 

intermediate individuals, I will visit OLK 

and OLKA. I have chosen these herbaria due 

to the research Waterfall (one of the major 

taxonomists in Physalis) conducted there. 

There I will collect morphological data along with locality and collection date. I will search for 

morphological traits that previously have resulted in indicators of hybridization (e.g., 

intermediate leave shape, trichome type, corolla and anther size between two species: Fig. 1). 

This will help me determine how common are the morphological intermediates and whether 

there is a common trend where they occur. 

Aim 2: Identify hybridization in the greenhouse by experimental crosses to determine 

seed set and pollen tube growth. I will conduct different treatments consisting of self-crosses, 

intraspecies crosses, interspecific crosses, and removal of the anthers before dehiscence. I will 

then collect the fruits, weigh them, count the seeds, and estimate the germination rate by growing 

out a subset of the seeds. I will also collect styles from self-crosses at the 24 and 48 hours after 

pollination to determine where the pollen tube is terminated in the style. This will be done using 

the Aniline Blue Fluorochrome stain protocol. 

Aim 3: Detecting hybridization with Targeted Polymorphic Loci using Probe Capture. 

After identifying if hybridization can occur from greenhouse crosses, I will determine if that can 

be detected in the genomic data. With the purpose to determine gene flow among species, I will 

use genes that show sequence variation within my P. acutifolia transcriptome data (Pretz, 

unpublished) to design PCR-baits. By using baited sites I will be able to include s-locus genes 

that were not transcribed along with neutral sites next to the genes to have a large range of 

variation in the genome. The analysis will use genomic DNA extracted using the CTAB method 

(Doyle & Doyle, 1987) from five individuals from each species. Phylogenetic analysis and tests 

of introgression will be conducted (Mirarab et al., 2014; Stenz et al., 2015; Solís-Lemus & Ané, 

2016). These programs examine gene trees to determine if shared variation is due to incomplete 

Fig. 2: A consensus phylogeny of Physalis using ITS, 

LEAFY, trnLF, and waxy (data from Deanna et al., 

2019). Taxa of interest are in green text. Bootstrap 

support shown along branches. 



lineage sorting (ILS) or introgression (movement of genes due to hybridization). I will then pair 

my concordance analysis with the biogeographical information of each collection to better 

understand if introgression is occurring. 

PRELIMINARY AND EXPECTED RESULTS: My 

preliminary data shows that pollen tube development 

differs between self and interspecific crosses (Fig. 3). 

This figure shows that P. cinerascens (Pcine) self-

pollen will be rejected as it will only grow halfway, 

while pollen from P. heterophylla (Phete) will grow to 

the ovules. This is expected since this example is 

following the SI/SC rule, that SI species will accept 

pollen from other SI species. This result would lead 

us to believe hybridation can occur between these 

species. More work will have to be conducted to 

determine if this trend is consistent and occurs 

among all species in this study. 

Preliminary transcriptomic data implicates 

SRNases, proteins which degrade self-pollen, in the 

self-incompatibility of P. acutifolia. This work will 

expand out information of incompatibility genes in other species of Physalis.  

SIGNIFICANCE: This study of hybridization and gene flow in North American Physalis will 

allow us to understand possible causes for its complicated and presently unresolved evolutionary 

history. If species in Physalis hybridize causing introgression among species, these potential 

gene flow can have a larger effect if more species ranges shift creating more overlap among 

species. In the future, as more Physalis species are domesticated (Lemmon et al., 2018), they 

will most likely be grown within the range of other Physalis species. Understanding the 

mechanism for introgression between species will be the first step in understanding the 

consequences that the spread of domesticated species would have on wild Physalis species. We 

will also understand how to cross Physalis species together. This study will deepen our 

comprehension of the evolutionary history of Physalis along with the ability to apply this 

knowledge to breeding the tomatillo, the golden berry, along with other Physalis species. 
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Fig: 3: Pollen tube growth in style tissue. 

Treatments: P. cinerascens (Pcine) control 

(not pollination), Pcine pollinated with selfed 

pollen after 24 hours, Pcine pollinated with 

another Pcine plants pollen after 24 hours, 

and Pcine crosses with P. heterophylla pollen 

after 48 hours. The red arrows show where 

the pollen tube growth is terminated. 


