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The burrowing four o’clock or beach peanut, Okenia hypogaea (Nyctaginaceae), is a vine 

found on beaches of southeast Florida, Mexico, and Central America.  This species was 

described from Mexico in 1830 and discovered in Florida near Miami in 1903. Since then, O. 

hypogaea has been considered a rare native species in Florida.  For my thesis, I proposed to test 

the hypothesis that O. hypogaea is exotic to Florida by comparing the genetic diversity of 

populations in Florida with populations in Mexico.  The first gene I examined was identical 

across all populations tested in Mexico and Florida. I am currently working on examining a more 

variable gene. 

 
  



 
 
 
 
 
 

“A flower does not think of competing with the flower next to it.  It just blooms.” 
- Zen Shin 
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Introduction 

The burrowing four o’clock or beach peanut, Okenia hypogaea (Nyctaginaceae), is a vine 

found on beaches of southeast Florida, Mexico, and Central America (Fig. 1). Its Latin and 

common names come from its habit of burrowing its flower underground after pollination and 

producing a peanut-like fruit below ground (Fig. 2a-c).  Schlechtendal & Chamisso (1830) 

described O. hypogaea from specimens collected from sand dunes near Veracruz, Mexico.  In 

1903, Smith (1919) discovered the first population of O. hypogaea known in Florida, growing in 

sand dunes opposite Miami.  In further surveys, Smith (1919) found O. hypogaea from Soldier 

Key (an island 20 km south of Miami; geo-coordinates: 25.590, -80.161) to Baker's Haulover (17 

km north of Miami; 25.907, -80.124). Smith (1919) considered O. hypogaea to be native to 

Florida and no one has questioned this verdict since then.  The United States Department of 

Agriculture (USDA) Natural Resources Conservation Service currently lists O. hypogaea as one 

of Florida’s endangered species.  The organization has chosen to protect the species because they 

believe it is both rare and native to Florida.  Several lines of evidence, however, suggest that O. 

hypogaea may be a naturalized exotic species in Florida, introduced from its native range in 

Mexico and Central America, where it is widespread on both the Pacific and Caribbean coasts.  

 

 

 

 

 

 

 

Figure 1. Okenia hypogaea species distribution map. Generated by photos 
submitted to the website inaturalist.com. 
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Okenia hypogaea does not have an animal seed disperser, as propagation occurs from the 

direct germination of its buried seeds (Fig. 2b).  It is unclear how it might naturally disperse from 

Mexico and Central America to southeastern Florida, but not to any West Indian islands, not 

even the Florida Keys or the Bahamas.  Correll (1979) surveyed the flora of the Bahamian 

archipelago and did not find any O. hypogaea individuals. It is unlikely that O. hypogaea would 

be overlooked. Its bright purple flower, typically an inch to an inch and a quarter in diameter, 

paired with distinct bilateral leaves covered in glandular trichomes provide great landmarks for 

Figure 2a. (left) New sprout with 
roots still attached to seed coat. 
Sample THD_006MD. 
 
Figure 2b. (right) Adult plant whose 
flowers have been pollinated.  
Seeds are beginning to form while 
still attached to tendrils from 
previous flower location. Sample 
THD_023MD. 
 
Figure 2c. (below) Okenia 
hypogaea seeds. Quarter inserted 
for scale. Sample THD_008MD. 
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straightforward recognition (Fig. 3). Okenia hypogaea is considered by many to have the most 

beautiful beach flower of Florida (Small, 1916).    

 

 

 

 

 

 

 

 

 

 

A second line of evidence available to differentiate between Mexico and Florida 

populations is their divergent life cycles.  In tropical Mexico, O. hypogaea grows as a perennial; 

however, in subtropical Florida, it is an annual. Perennial plants survive after multiple years of 

growing and flowering (Albani & Coupland 2010).  In contrast, annual plants grow from 

seedling to mature flowering plant, then death of the entire plant within the same year.  In 

Florida, seeds germinate in late April then all plants die back in mid-November of the same year.  

Once the season for growth is over in Florida, the dried brown branches and branchlets of 

formerly growing O. hypogaea remain on the beach in the same location of the previous 

groundcover (Small, 1916).  Florida populations shifting to a pattern of annual growth indicates 

that the species that may be poorly adapted to the subtropical Florida environment.   

Figure 3. Image of Okenia hypogaea in Yucatán, Mexico 
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 Disjunct populations that are geographically located outside of the known species range 

have become interesting for researchers to study and examine.  Population dynamics existing 

within the disjunction are also ecologically important to study (Hamilton & Eckert 2007; Lesica 

& Allendorf 1992).  Selective pressures and reduced gene flow are more likely to occur among 

disjunct populations, compared to the core populations, allowing for rapid evolutionary 

divergence to take place (Hamilton & Eckert 2007; Davis & Shaw 2001; Lenormand 2002; 

Hendry & Taylor 2004).  O. hypogaea populations in Mexico are essentially continuous along 

the coasts, while Florida experiences high density populations of O. hypogaea in a few specific 

locations, separated by long stretches of seemingly suitable beach habitat where it is absent.  

Comparing disjunct and core populations genetically can provide substantial evidence for 

predictions of evolutionary theory and the value of species conservation.   
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Materials and Methods 

Sampling of Plant Material 

 Plant materials were collected in Mexico and Florida.  Sampled Mexican populations 

were at least 5km apart from one another (Fig. 4).  Sampled Florida populations were collected 

from several State parks within District 5 (Fig. 5).  Collection sites were selected based on the 

relative level of beach disturbance caused by the tourism industry.  Okenia hypogaea most 

commonly grows in areas with fine, deep sand and where the dunes are unlikely to be disturbed 

anthropogenically.  O. hypogaea grows horizontally throughout the foredune of coastal beach-

dune ecosystems, requiring large amounts of space with little foot traffic. Development, as well 

as erosion due to various natural and biotic factors, threaten the costal vines (Pipoly et al. 2006).  

Coastal cities in Mexico and Florida, such as Cancun, Cozumel, Palm Beach and Miami, rely on 

tourism to facilitate the local economy.  Unfortunately, the beaches in cities with high tourism 

rates are unable to support Okenia hypogaea.   

 

 

 

 

 

 

 

 

 

 
Figure 4. Map of collection sites in Yucatán, Mexico 
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Individuals were collected from Mexican and Florida populations. Specifically, samples 

from 20 Mexican populations, located along the Yucatan Coast, were collected in the summer of 

2019 (Table 1).  Samples from 3 south-eastern Florida populations were collected in the fall of 

2019 (Table 2).  Mature whole leaves were collected from individuals within each population. 

Individuals were separate vines, to ensure collection of genetically diverse samples. Once leaf 

samples were collected, they were stored on blue-indicator silica gel until utilized for DNA 

extraction. Upon collection, in Mexico and Florida, sample geographic location was recorded 

using a global positioning system (GPS).  Latitude and Longitude values were obtained from 

Google Maps and verified with Google Earth. Sample collection in Mexico was authorized by 

the Centro de Investigación Científica de Yucatán A. C. (CICY).  Sample collection in Florida 

was authorized through the Florida State Park service (09051915) and the Florida Department of 

Agriculture and Consumer Services (2898).   

Figure 5. Map of collection sites in Southeast Florida 
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DNA Extraction and Amplification 

 From the 20 different Mexican populations of O. hypogaea, 157 leaf samples were 

collected.  Out of 157 total samples, 84 were used for genetic analysis.  From the 3 different 

Florida populations of O. hypogaea, 40 leaf samples were collected.  Out of 40 total samples, 22 

were used for genetic analysis.  DNA extraction was completed following the protocol for CTAB 

method (Doyle & Doyle, 1987).  Once DNA was isolated from the leaf tissue, Polymerase Chain 

Reaction (PCR) was completed in order to amplify the ycf1 chloroplast sequence.  Forward (Ref. 

# 217938649) and Reverse (Ref. # 217938650) PCR primers were ordered through Integrated 

DNA Technologies.  Thermocycler was set to begin with 4 min denaturation at 94°C, followed 

by 34 cycles of 30 sec at 94°C, 30 sec anneal at 52°C, 45 sec extension at 72°C, and last a 10 

min extension at 72°C.  Products were then stored at 10°C.  In order to verify that DNA was 

properly amplified, agarose gel electrophoresis was completed utilizing 9 uL of each PCR 

product (Fig. 6a-d).  The first lane on each gel contained the ladder and the lane following the 

last sample contained the negative.  The presence of clearly defined white bands indicates that 

genetic material is present in the sample.  Similar banding patterns seen amongst samples implies 

that the PCR amplicons are equivalent.  The direct current power source was set to run at 180V 

and 400 amps for 25 minutes.   The gel was stained in Ethidium Bromide, slowly mixing for 15 

minutes.  PCR products were cleaned using  0.0375 uL of Exonucleaus 1 (Thermoscientific 

#EN0581), 0.375 uL of FastAP (Thermoscientific # EF0651), and 5.5875 uL of water to each 

20uL reaction, followed by heating at  37°C for 30 min then at 85°C for 15 min.   
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Figure 6a. (above) Samples 
THD_001MD – THD_011MD 
agarose Gel Electrophoresis.  
Note: The samples were added to the 
same gel twice in order to perfect 
pipetting technique 
 
Figure 6b. (left) Samples 
THD_012MD – THD_130MD 
agarose Gel Electrophoresis.  
 
Figure 6c. (Below) Samples 
THD_135MD – THD_157MD 
agarose Gel Electrophoresis.  Note: 
Sample THD_129MD was included 
in this Gel as a second run.   
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Data Analysis 

Successfully amplified PCR products were sent to Eurofin Genomics for Sanger 

Sequencing.  Genetic Data was edited using Geneious Prime version 2020.0.4 and analyzed 

using Rstudio version 3.6.0 (2019-04-26).  

  

Figure 6d. (left) Samples 
THD_159FL – THD_198FL 
agarose Gel Electrophoresis. 
Note: Samples THD_040MD, 
THD_056MD, THD_089MD, 
THD_107MD, THD_109MD, 
THD_132MD, THD_137MD, and 
THD_139MD were also run on this 
gel as duplicates. 
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Results 

 The results from the data analysis showed that all amplified sequences were identical 

(Fig.7).  This indicates that there is no variation, at the ycf1 locus, among the Mexican and 

Florida populations of Okenia hypogaea.  From the results of this study, I cannot make any 

conclusions about the phylogeography of O. hypogaea.  However, I am able conclude that the 

ycf1 locus is not variable enough for genetic comparison at the population level.  

 The ycf1 gene was originally chosen because of its high level of variability in the family 

Orchidaceae.  Chloroplast DNA (cpDNA) sequences are frequently used when creating plant 

phylogenies due to their ease of amplification and sequencing (Soltis & Soltis 1998).  However, 

genetic alignment can be difficult due to the large number of indels (insertions/deletions) found 

within non-coding regions of cpDNA (Nuebig et al 2008).  

 

  

Figure 7. Alignment of all Okenia hypogaea genetic sequences 
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Discussion 

 Moving forward, plans have been made to develop nuclear microsatellites with genetic 

markers that will provide more information about the diversity between various populations of 

Okenia hypogaea.  O. hypogaea specimens from the Mexican highlands and the Pacific Coast 

will also be collected for genetic analyses.  Sampling of more specimens from different locations 

will provide a greater assortment of genetic data for the project.  Depending on the results from 

the next few phases of this project, we may be able to construct a historic timeline depicting O. 

hypogaea’s range expansion.  

Table 1. Collection sites in Yucatán, Mexico.  Note: A gap between two site numbers indicates a previous 
site where Okenia hypogaea populations were not found. 
 Latitude Longitude Collection Date 
Site 1 21.3179 -89.4817 05/20/2019 
Site 2 21.3287 -89.4053 05/20/2019 
Site 3 21.3428 -89.3085 05/20/2019 
Site 7 20.8809 -90.3918 05/21/2019 
Site 8 20.9329 -90.3753 05/21/2019 
Site 9 20.8709 -90.3956 05/21/2019 
Site 10 21.3485 -89.2198 05/22/2019 
Site 11 21.3546 -89.1665 05/22/2019 
Site 12 21.3577 -89.1262 05/22/2019 
Site 13 21.3588 -89.1103 05/22/2019 
Site 14 21.3754 -89.0040 05/22/2019 
Site 15 21.3929 -88.9019 05/22/2019 
Site 17 21.3939 -88.8863 05/22/2019 
Site 18 21.1610 -90.0537 05/24/2019 
Site 20 21.1519 -90.0990 05/24/2019 
Site 22 21.1681 -90.0241 05/24/2019 
Site 23 21.1870 -89.9740 05/24/2019 
Site 24 21.2171 -89.9237 05/24/2019 
Site 26 21.2678 -89.7564 05/24/2019 
Site 27 21.2536 -89.8236 05/24/2019 

 
Table 2. Collection sites in Southeastern Florida.  Note: A gap between two site numbers indicates a 
previous site where Okenia hypogaea populations were not found. 
 Latitude Longitude Collection Date 
Site 1 26.8048 -80.0419 09/28/2019 
Site 2 26.8228 -80.0472 10/06/2019 
Site 9 26.0589 -80.1213 10/06/2019 
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