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ABSTRACT

The origins of the sweet potato (lpomoea batatas) and bottle gourd (Lagenaria
siceraria), two important commensal species in prehistoric Polynesia, have remained
elusive. Most recently, a South American origin has been favoured, which prompts a
number of interesting questions surrounding how, when, from where and by whom
these species dispersed into the Pacific. For this project, hypotheses were formulated
based on existing archaeological, linguistic and maritime evidence, and tested using a
molecular approach. For both species, extensive marker development was necessary.

For the bottle gourd, a set of seven molecular markers (two chloroplast and five
nuclear) was developed to test the hypothesis of a South American origin for the
Polynesian bottle gourd. These were sequenced in 36 accessions of bottle gourd from
Asia, the Americas and New Zealand. Analyses of these markers support a dual origin
for the Polynesian bottle gourd: the chloroplast markers identify an Asian origin, but the
nuclear markers reveal alleles that originate in both the Americas and Asia. By
combining information from a number of sources, a model for the domestication(s) and
global dispersal of the bottle gourd is proposed.

For the sweet potato, the amplified fragment length polymorphism (AFLP)
technique was used. First, using a new procedure that will be applicable to other studies,
AFLP scoring parameters were optimised to improve phylogenetic resolution. Second,
to elucidate sweet potato dispersal in Oceania, AFLP profiles were generated for 270
unique accessions of sweet potato from Asia, Island Melanesia, Polynesia and the
Americas. The putative kumara lineage, which represents a prehistoric, Polynesian-
mediated introduction from South America, was identified. Sweet potato accessions
from Asia to Western Polynesia were found to be genetically diverse, and the
relationships between them are more complex than previously recognised. The
phylogenetic positions of the Maori varieties ‘Hutihuti’, ‘Rekamaroa’ and ‘Taputini’ are
inconsistent with these accessions representing pre-European cultivars; instead it is
more likely that they are early European introductions.

To answer questions about the prehistoric dispersal patterns of the bottle gourd,
future work could make use of high resolution markers and ancient DNA (aDNA) from
archaeological and early historic-period samples. Future work on the sweet potato is
needed to narrow down the point of Polynesian contact on the South American coast,
and to answer this question more intensive sampling is required. Integration of genetic,
linguistic, historical and morphological data will also be important.
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PREFACE

The sweet potato (Ipomoea batatas) and bottle gourd (Lagenaria siceraria) were two
crop species fundamental to many agricultural systems in Polynesia. A long-standing
scientific interest in these species centres on their origins; both are thought to have
arrived in the Pacific from South America. If the prehistoric Oceanic lineages of these
species are of South American origin, then this prompts a number of interesting
questions surrounding how, when, from where and by whom these species were
dispersed into the Pacific. Based on existing archaeological, linguistic, botanical and
sailing technology evidence we are able to formulate testable hypotheses around the
dispersal of these species. These hypotheses are tested in this thesis using a molecular

(DNA) approach.

The thesis is divided into five chapters. The first chapter is a general
introduction that frames the remaining research by providing an overview of prehistoric
human settlement and mobility in the Pacific, with the focus on the contribution of
molecular studies of humans and their commensals (animals and plants) to
understanding human mobility in the Pacific. The discussion then narrows to the
question of contact between Eastern Polynesia and the Americas, specifically the
evidence and likelihood of such contact. Chapter One concludes with the aims and

hypotheses of the research.

Chapter Two describes the molecular strategies employed for the bottle gourd
and sweet potato. The chapter begins by outlining the considerations and approaches for
developing appropriate molecular markers for a given taxonomic group and scientific
question, with a focus on closely-related taxa where genetic variation is relatively low.
In the context of these considerations, the molecular methods of choice are justified for
both the bottle gourd and sweet potato. For the bottle gourd, PCR and sequencing
markers derived from inter-SSR multilocus genetic fingerprints (so-called ISSR-derived
SCAR markers) were chosen as an appropriate marker system. The development of
these, which employed a novel combination of existing molecular methods, is described

in detail. For the sweet potato, AFLP fingerprinting was chosen as an appropriate
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marker system. Although the AFLP technique is firmly established and widely used,
there are several aspects of the method which require further development — primarily
scoring, i.e., methods for converting raw AFLP profiles into a binary data matrix.
During the course of the AFLP work it was found, in collaboration with Drs Barbara
Holland and Heidi Meudt, that the widely-used parameters for generating binary data
matrices from unedited AFLP profiles are non-optimal, and that by adjusting these
parameters the number of characters can be significantly increased and the amount of

homoplasy significantly decreased.

Chapter Three describes research on the origins and dispersal of the bottle gourd
in Oceania. The introduction brings together disparate and rarely synthesised bottle
gourd research, allowing the Oceanic origins of this species to be placed in context: as
with humans themselves, the introduction of the bottle gourd into the Pacific represents
the most recent event in the global dispersal of this species. Because the bottle gourd
occurs in Africa, Asia and the Americas, gourds from all areas are germane to the
origins in Oceania. A range of bottle gourd accessions from Asia, the Americas and
Oceania were obtained and these are described. This is followed by the methods, which
describe how the five SCAR markers developed in Chapter Two were used, along with
two additional chloroplast markers, to amplify and sequence polymorphic loci from 36
accessions of bottle gourd. The analyses of these data are presented, followed by a
discussion of Oceanic dispersal scenarios compatible with the results. The implications
of bottle gourd research using ancient DNA, which was undertaken at the Smithsonian
Institution, Washington, D.C. at the same time as my own research (and with which I
was involved), are also discussed. The discussion is extended to the global dispersal and
domestication(s) of the bottle gourd, as the use of the chloroplast markers in two
outgroup species and the reinterpretation of the archaeological data allow some tentative

conclusions to be made in these areas.

Chapter Four deals with the origins and dispersal of the sweet potato in Oceania.
The introduction reviews the literature in this area. Unlike the bottle gourd, a reasonably
clear and consistent picture is emerging for the sweet potato; the field was brought
together in 1974 with the publication of Douglas Yen’s landmark 7he Sweet Potato and
Oceania: An Essay in Ethnobotany (Yen, 1974), and was resynthesised in a
multidisciplinary, multi-author volume in 2005 (Ballard et al., 2005). Over 400 sweet
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potato accessions from Oceania were sampled for this study, and these are described.
This is followed by the methods, which describe the application of the amplified
fragment length polymorphism (AFLP) multilocus fingerprinting technique to the
analysis of approximately 300 of the sweet potato accessions. The optimised scoring
parameters determined in Chapter Two were used to convert the raw AFLP profiles into
a binary data matrix AFLP. The matrix was used to construct phylogenetic trees that
have been interpreted, with assistance from Emeritus Professor Roger Green, in the
context of available linguistic and historical data. The large number of taxa, wide
geographic coverage in Oceania, narrow geographic coverage in the Americas, and
large amount of historical, linguistic and morphological information throw open a
multitude of avenues for further research and interpretation. While some of these
avenues were pursued here, more detailed work is necessary in certain areas, e.g., the

origins of prehistoric and historic sweet potato in New Zealand.

Chapters Two, Three and Four, which form the core of the thesis, are published,
or intended for publication, as scientific papers (full bibliographic information below).
Chapter Two includes papers published in Trends in Plant Science (Meudt & Clarke,
2007) and Systematic Biology (Holland et al., 2008), and a manuscript intended for
publication in Plant Systematics and Evolution or similar (Clarke & McLenachan, in
prep). All three of these publications have been, or are being, written in collaboration
with other researchers, and therefore contain additional material not presented in the
thesis. Chapter Three is already published as two papers — one in Molecular Biology
and Evolution (Clarke et al., 2006), and one in the Proceedings of the National
Academy of Sciences of the United States of America (Erickson et al., 2005). The
Erickson et al. (2005) paper, which was written in collaboration with researchers at the
Smithsonian Institution, contains material not presented in the thesis. A third bottle
gourd publication (on the origin, domestication and global dispersal of the species) is
being prepared for Horticultural Reviews (Clarke & Penny, in prep). Chapter Four is

intended for publication in a multi-disciplinary science journal.

Chapter Five includes a general summary, with the goal of bringing together
research described in the other chapters and placing it in the context of human mobility
in the Pacific and the extent to which it addresses the question of contact between

prehistoric Polynesia and the Americas. Chapter Five also suggests a number of avenues
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of future research for both the sweet potato and bottle gourd — to further elucidate the
origins and dispersal of these species in Oceania and in other regions in which they are
found. The potential of other crop species as markers of prehistoric human contact

between Polynesian and the New World is briefly outlined.

Appendices 1-10 are provided as hard copies at the end of the thesis, and
appendices 11-21 are on the enclosed CD. Appendices include accession lists for the
sweet potato, oligonucleotide sequences, DNA sequence data matrices for bottle gourd,

AFLP matrices for sweet potato, and reprints of published papers.

Relevant PhD Publications

Appendix
Meudt, H. M., and Clarke, A. C. 2007. Almost Forgotten or Latest Practice? AFLP 7
applications, analyses and advances. Trends in Plant Science 12: 106—117.
Holland, B. R.," Clarke, A. C.," and Meudt, H. M. 2008. Optimizing automated AFLP 8
scoring parameters to improve phylogenetic resolution. Systematic Biology 57: 347—
366.
t Equal contributors
Clarke, A. C., Burtenshaw, M. K., McLenachan, P. A., Erickson, D. L., and Penny, D. 9
2006. Reconstructing the origins and dispersal of the Polynesian bottle gourd
(Lagenaria siceraria). Molecular Biology and Evolution 23: 893-900.
Erickson, D. L., Smith, B. D., Clarke, A. C., Sandweiss, D. H., and Tuross, N. 2005. 10

An Asian origin for a 10,000-year-old domesticated plant in the Americas.
Proceedings of the National Academy of Sciences of the United States of America
102: 18315-18320.
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