
Project Proposal – Jacob Keshtvarz 

General Information 

My name is Jacob Keshtvarz. I am a second-year doctoral student as of fall semester 2019 

with Dr. Eric J. Tepe in the Department of Biology at the University of Cincinnati, located in 

Cincinnati, Ohio, USA. With the submission of my application, I would like to apply for a 2020 

International Association of Plant Taxonomists Research Grant in order to fund my dissertation 

research “Uncovering the species complex of Black Pepper wild relative Piper arboreum.” 

Introduction 

Tropical forests have been recognized as having some of the highest rates of terrestrial 

biodiversity and the largest living biomass of any forest type (World Wildlife Fund 2019). 

However, not all groups in tropical forests are equally diverse. The genus Piper is one of the 

most species-rich plant genera in existence with somewhere between 2000-3000 species and is 

an abundant and very ecologically important member of tropical understories (Dyer and Palmer 

2004). It is also an economically important genus as it contains many species cultivated for 

consumption, including P. nigrum, commonly known as black pepper, the most traded spice in 

the world (Parthasarthy 2008). Nevertheless, the genus is relatively poorly known compared to 

other large and important genera. One major difficulty in gaining a better understanding of the 

evolution and diversity of Piper is that many species are not fully resolved. Without a good 

understanding of the species that make up the genus, questions cannot be asked about the 

ecological relationships and evolutionary patterns that have produced such a species-rich group. 

In a controversial 1989 revision of subgenus Macrostachys, 46 historically recognized species 

were lumped into a single species, Piper arboreum, with two subspecies, Piper arboreum subsp. 

arboreum and Piper arboreum subsp. tuberculatum (Tebbs 1989). These lumped taxa make up 

the historically recognized Piper sect. Hemipodium, which is found throughout the Neotropics. 

Based on the experiences of my advisor, Dr. Eric Tepe and I, we believe sect. Hemipodium 

comprises many clearly distinct species, and this group provides an opportunity for research to 

shed light on the evolutionary processes that drive diversification within tropical forests.  

Objectives 

The goals of my research are i) to revise the taxonomy of Piper sect. Hemipodium, using 

both morphological and molecular data ii) generate a phylogeny of this species complex, and iii) 

provide a methodology for future studies within Piper that facilitates the clarification of species 

delimitations and relationships among members of species complexes. These results can then be 

used to explore the mechanisms of diversification. The completion of these goals will provide 

answers within sect. Hemipodium that will shed light on long-standing questions about the 

evolution of diversity; questions that have been difficult to answer due to limitations in earlier 

generation tools. I am also committed to providing undergraduates with the opportunity to gain 

valuable experience by collaborating with me on this research and in the process, creating their 

own research projects. To date, I have mentored 2 capstone/course credit students through the 

completion of their projects, and they have presented their research at the University of Cincinnati 

2019 Fall Undergraduate Scholarly Showcase.  

Materials, Methods, and Results 

Chapter one of my dissertation has utilized morphometric contour analysis to analyze 

digitized images of herbarium specimens of the P. arboreum species complex from herbaria 

around the world and generate digital leaf elliptical Fourier descriptors (EFD). These EFD’s 

(figure 1) have been compared via principal component analysis and the most statistically 

supported number of distinct leaf morphological groups have been found (figure 2). A k-means 



cluster analysis shows these statistically distinct groups within 

the morphospace created by principal component analysis 

(figure 3) These analyses have indicated that sect. Hemipodium 

is made up of eight distinct morphological clusters that may 

correspond to distinct lineages. Chapter two will utilize 

ddRAD sequencing to generate genomic sequence data from 

representative specimens from each of the groups identified 

through morphometric, principal component, and cluster 

analyses. This genomic sequence data will in turn be used to 

infer species relationships and generate a phylogenetic 

hypothesis for this group. If funded, I expect data collection and analysis to be completed for this 

chapter before the end of the spring of 2021. Chapter three will involve performing 

biogeographical analysis utilizing ArcGIS and BiogeoBEARS to infer the historical biogeography 

of the group, as well as the comparison of different models of  range evolution, I expect data 

collection and analysis to be completed for this chapter before the end of the fall of 2021. All data 

will then be combined to gain insights into the factors that drive diversification and determine the 

distribution of the members of this species complex. 

Itemized Prospective Budget 

Funding provided by the International Association of Plant Taxonomists will be used to 

cover the cost of ddRAD sequencing. This will allow me to generate genomic sequence data for 

representative specimens from prospective groups that I have found through chapter one of my 

dissertation and complete the goals of the second chapter of my dissertation. With help from 

collaborators, Dr. Tom Parchman and the Parchman lab at the University of Nevada-Reno who 

have developed and published specific ddRAD sequencing protocols used for this project, I 

currently have access to some of the genomic data that I will need to accomplish these goals 

(Parchman 2018). However, I need to generate genomic data for 124 more DNA samples to 

complete sequencing of representative specimens from my dataset. The cost of generating genomic 

Figure 3 – Morphological differences in leaves within the 

species complex of subgenus Hemipodium – the result of k-

means cluster analysis of leaf morphologies. PC1 and PC2 

represent 37.04 and 28.97 percent of variation within leaf 

morphology, respectively. Avg silhouette width .34. 

Figure 2 – Index frequency of 

optimal clusters within subgenus 

Hemipodium – the frequency of Hubert 

and Dunn indices in supporting the 

optimal number of clusters for k means 

cluster analysis of leaf morphometric 

data for subgenus Hemipodium 

generated from digital morphometric 

and principal component analysis. 

Figure 1 – Elliptical Fourier 

Descriptor of Piper sect. 

Hemipodium sp.  



data for these 124 DNA samples, with ddRad sequencing techniques, in collaboration with the 

Parchman lab is $25.87 per sample, $3207.88 total (paid to the Parchman lab). I have recently been 

awarded $1200 of research funding from the University of Cincinnati 2020 Graduate Student 

Government Research Fellowship. The reaming costs of my research, $2007.88 will nearly be 

covered by $2000 of potential research funding provided from the International Association of 

Plant Taxonomists, the remaining $7.88 will come from external sources.   

I am beginning to prepare a manuscript for my work on chapter one of my dissertation and 

I plan to pursue publication of a portion of this work in the next few months. If funded, I plan to 

prepare a manuscript for my work on chapter 2 of my dissertation and seek publication before the 

end of summer of 2021. I plan to prepare a manuscript for my work on chapter 3 of my dissertation 

and seek publication before the end of spring 2022. I am also committed to presenting my research 

at major conferences, and I am planning to present a portion of the results of chapter 1 of my 

dissertation at BOTANY 2020 in Anchorage, Alaska. 
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