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Historical collections reveal patterns of diffusion of
sweet potato in Oceania obscured by modern plant
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The history of sweet potato in the Pacific has long been an enigma.
Archaeological, linguistic, and ethnobotanical data suggest that
prehistoric human-mediated dispersal events contributed to the
distribution in Oceania of this American domesticate. According to
the “tripartite hypothesis,” sweet potato was introduced into Oceania
from South America in pre-Columbian times and was then later
newly introduced, and diffused widely across the Pacific, by Euro-
peans via two historically documented routes from Mexico and the
Caribbean. Although sweet potato is the most convincing example
of putative pre-Columbian connections between human occupants
of Polynesia and South America, the search for genetic evidence of
pre-Columbian dispersal of sweet potato into Oceania has been
inconclusive. Our study attempts to fill this gap. Using complemen-
tary sets of markers (chloroplast and nuclear microsatellites) and
both modern and herbarium samples, we test the tripartite hypoth-
esis. Our results provide strong support for prehistoric transfer(s)
of sweet potato from South America (Peru-Ecuador region) into
Polynesia. Our results also document a temporal shift in the pattern
of distribution of genetic variation in sweet potato in Oceania. Later
reintroductions, accompanied by recombination between distinct
sweet potato gene pools, have reshuffled the crop’s initial genetic
base, obscuring primary patterns of diffusion and, at the same time,
giving rise to an impressive number of local variants. Moreover,
our study shows that phenotypes, names, and neutral genes do not
necessarily share completely parallel evolutionary histories. Multi-
disciplinary approaches, thus, appear necessary for accurate recon-
struction of the intertwined histories of plants and humans.

phylogeography | herbarium specimens | prehistory | early trans-Pacific
travels

fforts to understand human mobility and cultural evolution in
the Pacific have encompassed archaeological, ethnographic,
linguistic, and, more recently, genetic approaches (1, 2). Genetic
analyses have focused not only on human populations (3, 4) but
also on those of species closely associated with human movements
(5-13), including commensal animals (Rattus exulans) (5, 6), do-
mesticated plants [bottle gourd, Lagenaria siceraria (7, 8); ba-
nana, Musa spp. (9)] and animals [chicken, Gallus gallus (10, 11);
pig, Sus scrofa (12)], and pathogens (Helicobacter pylori) (13).
Studies of commensal species are particularly useful in contexts
where mobility did not necessarily involve gene flow between
human populations or where only limited archaeological data
exist (14). Such studies have provided the best evidence thus far
to address the controversial issue of contacts between Polynesia
and the Americas in prehistoric times (8, 10, 14, 15). Sweet potato
(Ipomoea batatas [L.] Lam.) in Oceania is undoubtedly the ex-
ample most convincingly suggestive of such contacts (14).
Sweet potato originated in tropical America (16). When, from
where, and how it subsequently reached Oceania have been the
subjects of extensive debate. Its presence in precontact archaeo-
logical sites scattered throughout Polynesia has long been consid-
ered as direct evidence for, prehistoric|contact between Polynesia

WWww.pnas.org/cgi/doi/10.1073/pnas.1211049110

and America (17-21). Also, the lexical similarity between terms for
sweet potato in Polynesian languages (“kuumala” and its deriva-
tives) and the terms for this plant (“kumara,” “cumar,” or
“cumal”) found among Quechua speakers of northwestern South
America supports the hypothesis that humans introduced sweet
potato from South America to Polynesia (22), against the alter-
native hypothesis of natural long-distance dispersal of seeds (23).
Finally, the tripartite hypothesis, first proposed by Barrau (24),
developed by Yen (25), recently updated by Green (26) and re-
viewed by Clarke (27), posits both prehistoric and historic dispersal
events, putting forward a tripartite origin to explain the distribu-
tion of the species (Fig. 1). In the first origin, the Polynesian sweet
potato (Kumara lineage) was introduced by Polynesian voyagers
who collected it somewhere from the western coast of South
America, between 1000 and 1100 A.D. (26, 27). They may have
rapidly diffused it throughout Polynesia, in already populated is-
lands such as Hawaii, Easter Island, and some other islands of
eastern Polynesia and then into New Zealand, around 1150-1250
A.D., with the original colonists. Other independent prehistoric
introductions (from northern Colombia or even Central America)
have also been hypothesized, but these lack support (23, 28). Also,
the possibility of an early westward dispersal of sweet potato
carried by Polynesians to Tonga, Samoa, and eastern Melanesia is
suggested by early historical accounts (26, 29). The second and
third origins of sweet potato in Oceania arose from European
contact during the sixteenth century. Spanish “Manila-Acapulco”
galleons introduced the Mesoamerican Camote to the Philippines
around 1500 A.D. (Camote lineage), whereas Portuguese traders
introduced to present-day eastern Indonesia the Batata from the
Caribbean and Central America (Batata lineage). From these
points, secondary dispersal events, mediated by local traders,
European travelers, or both, may have distributed sweet potato
in the western Pacific, probably early in the New Guinea highlands
(around 1700), and much later (mid-19th century) into western
and eastern Melanesia (Fig. 1). Two additional European intro-
ductions may also have contributed to early diffusion in the Pa-
cific, one by Mendafa’s voyage to the Marquesas and Solomon
Islands in 1595 A.D. and another by Queiros in Espiritu Santo
(part of present-day Vanuatu) in 1606 A.D. (30).

The tripartite hypothesis was principally based on archaeologi-
cal, historical, and linguistic lines of evidence (25, 26). Regrettably,
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Fig. 1.

Prehistoric and historical dispersal of sweet potato in Oceania, as postulated by the tripartite hypothesis. This map summarizes the tripartite hy-

pothesis, as updated by Green (26) and reviewed by Clarke (27). Dispersal events and the terms commonly used to designate sweet potato in the different
regions [compiled mostly from Yen (25)] are represented. Archaeological and early historical records providing strong evidence for the presence of sweet

potato in Oceania in the prehistoric period are also indicated.

phylogeographic studies have not yet adequately tested it (27, 31-33).
The genetic patterns expected under this hypothesis include a
distinction between crops of the eastern and western Pacific, in
which varieties from the western Pacific may be closer to those of
Mesoamerica, whereas those from the eastern Pacific are closer to
those of western South America. Previous attempts to elucidate
origins of sweet potato in Oceania using molecular markers
showed that varieties from the Pacific were more similar geneti-
cally to Mexican accessions than to those from Peru-Ecuador, sup-
porting a Mesoamerican origin rather than early Polynesian
transfers from South America (31-33). However, these studies
suffered from a very restricted sample, including very few Polynesian
varieties. More recently, Clarke (27), using Amplified Fragment
Length Polymorphism (AFLP) markers, analyzed around 300
varieties from Oceania, including Polynesian varieties. However,
that study did not use a representative sample of the tropical
American source gene pools and, thus, failed to firmly trace the
origin of extant Pacific lineages. Using both nuclear and chlo-
roplast microsatellite markers, Roullier et al. (34) recently
highlighted the existence of two geographically restricted gene
pools in tropical America, corresponding to accessions from the
Peru-Ecuador region of South America (hereafter called the
Southern gene pool) and accessions from the Caribbean and Central
America region (hereafter called the Northern gene pool). This set
of complementary markers provides suitable tools to distinguish the
Oceanian cultivars that originated from the Kumara line (derived
from the Southern gene pool) from those that originated from the
Batata and Camote lines (derived from the Northern gene pool).
An additional limitation to retracing the history of sweet po-
tato in Oceania comes from the fact that contemporary patterns

2206 ' | www.pnas.org/cgi/doi/10.1073/pnas.1211049110

of its genetic variation in the region probably do not reflect initial
patterns. From all putative entry points, 20th century intensification
of human movements and exchanges across the Pacific probably
extended the range of sweet potato in Oceania, as well as
redistributing its genetic diversity (25, 35). Consequently, genetic
signatures of initial introductions may be at least partially obscured
by later introductions from a different genetic background. It is,
thus, necessary to compare geographic patterns in genetic variation
through time, by analyzing both modern and ancient samples (14,
36). Archaeological remains of sweet potato are scarce in the Pa-
cific and are highly unlikely to contain preserved DNA. However,
herbarium specimens, collected by early European explorers and
naturalists and, later, by botanists and agronomists, are invalu-
able sources of material for tracing early movements of gene pools,
complementing sampling of modern accessions, which have been
more affected by the intensification of germplasm exchanges
during the 20th century.

The present study attempts to fill the gap of genetic data in the
reconstruction of sweet potato history in Oceania. Using a broad
sampling of both modern and herbarium accessions from tropical
America, Oceania, and South-East Asia, and nuclear and chloro-
plast markers of tropical American gene pools, we tested whether
genetic evidence supports or falsifies the tripartite hypothesis.

Results and Discussion

Summary of the Situation in Tropical America. As discussed in a
previous study (34) and summarized here in Fig. 2 A-C, com-
bining the use of chloroplast and nuclear microsatellite markers,
we established the existence of distinct gene pools in the Northern
and Southern regions of the neotropics. Neotropical sweet pota-
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Fig. 2. Geographical distribution of nuclear and chloroplast genetic variation in sweet potato through space and over time. (A) Proportion of individuals
belonging to each chloroplast lineage [lineage 1 in orange (Cp 1); lineage 2 in blue (Cp 2)] for each sampling site (country or archipelago). Only sites with four
or more accessions were represented. Area of the circle is proportional to the square root of the sample size for the site. Values by region correspond to the
frequency of chloroplast lineage 1. (B) Proportion of individuals belonging to each nuclear cluster (cluster K7 in orange; K2 in blue) for each sampling site, as
determined by the DAPC analysis. Only sites with four or more accessions were represented. Area of the circle is proportional to the square root of the sample
size for the site. Values by region correspond to the mean K7 ancestry, as determined by the Bayesian clustering. (C) Three bar plots showing for each in-
dividual: (/) the probabilities of membership in nuclear clusters K7 and K2 as determined by DAPC (Top); (ii) the probabilities of membership in nuclear clusters
K1 and K2 as determined by the Bayesian clustering method implemented in Structure (Middle); and (iii) the individual’s chloroplast lineage (Bottom). Each
individual is represented as a vertical bar, with colors corresponding to membership probabilities in clusters K7 (orange), K2 (blue), and chloroplast lineages 1
(orange) and 2 (blue). Individuals are organized by geographical origin, S for the Southern neotropical region, N for the Northern neotropical region, P for
Polynesia, M for Melanesia, NG for New Guinea, and SEA for South-East Asia. (D) Genetic constitution of herbarium specimens collected from the 18th century to

the early 20th century. Lower and upper halves of each circle represent the chloroplast lineage and nuclear cluster (as determined by DAPC), respectively.

toes are characterized by two distinct geographically restricted
chloroplast lineages (in total 21 haplotypes), which correspond
quite well to two nuclear genetic clusters, K/ and K2, identified
by K-means clustering grouping (Fig. 2 A-C): most accessions
from the Southern region (hereafter the Southern gene pool)
exhibit chloroplast haplotypes of group 1 (79.7%) and belong to
the nuclear cluster K1 (83%). Sweet potatoes from the North-
ern region (hereafter the Northern gene pool) carry mostly
chloroplast DNA haplotypes of group 2 (85.6%) and belong to
the nuclear cluster K2 (91.46%).

Despite this clear-cut phylogeographic pattern, neotropical
gene pools have secondarily come into contact, as shown by the
admixture revealed with both chloroplast and nuclear markers
(Fig. 2 A-C): in the Southern region, we detected some acces-
sions with chloroplast group 2 haplotypes (16/65), some assigned
to the nuclear cluster K2 [8/65 with the discriminant analysis of
principal components (DAPC) method (37), 3/65 with the Bayesian
clustering method implemented in Structure 2.3.3 (38, 39)], and
some that were admixed individuals (3/65 with DAPC, 34/65 with
the Bayesian method). Also, in the Northern region, we identified
several accessions with chloroplast group 1 haplotypes (31/82),
some attributed to cluster K7 (5/82 with DAPC), and some that

Roullier et al.

were admixed individuals (2/82 with DAPC, 49/82 with the
Bayesian method). This situation suggests that clones were ex-
changed between both regions and recombined with local material.

Assessing the Relative Contribution of Camote, Batata, and Kumara
Lines of Sweet Potato Introduction into Oceania in the Modern Sample.
Sweet potato varieties in Oceania represent a subset of neotrop-
ical diversity for both kinds of markers. They include representa-
tives of both neotropical chloroplast lineages 1 and 2 (in total eight
different haplotypes, including those most common in tropical
America) and also some private haplotypes (eight), all rare and
derived from the most common ones by only one or two mutation
steps (Fig. S1 and Dataset S1). Nuclear-diversity indices [except for
observed heterozygosity (Ho)] were slightly lower than those cal-
culated for either of the two neotropical gene pools (Table S1).
The unrooted neighbor-joining tree revealed a relatively high
degree of phylogeographic structure among Oceanian varieties
(Fig. 3). As expected under the tripartite hypothesis, western
Pacific varieties (varieties from South-East Asia, Melanesia, and
New Guinea) are differentiated from those of Polynesia. However,
incongruities between chloroplast and nuclear data prevent, in
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some cases, the definitive attribution of some Oceanian varieties
to an original gene pool in tropical America (Fig. 2C).

Using the DAPC non-model-based assignment method, most
western Pacific sweet potato accessions (604 in total) were assigned
to the cluster K2. Only four accessions were assigned to the
cluster K7, and 14 accessions exhibited a mixed genetic consti-
tution (probability of membership in a given cluster, <0.8). With
the Bayesian clustering method, 144 accessions were assigned to
the cluster K2, and all others had a mixed ancestry. The mean
proportion of K/ ancestry was similar (0.29 + 0.128) to that
calculated in the Northern gene pool (0.288 + 0.145). Thus, our
analysis confirms previous results (31-33) and indicates that the
Northern gene pool may have been the principal contributor to
the nuclear genetic diversity of extant western Pacific sweet pota-
toes, which, thus, appear to be derived principally from the Camote
and Batata lines (31-33). Furthermore, chloroplast lineage 2 hap-
lotypes were mainly represented throughout the western Pacific,
as was the Northern nuclear gene pool. However, the frequency of
chloroplast lineage 1 was generally higher (33%) than that observed
in the Northern gene pool (14.4%). This suggests that South
American clones may have also been directly introduced through-
out the western Pacific. Alternatively, founder effects related to
diffusion history and/or local selection may have increased the
frequency of this haplogroup in the area of introduction, compared
with that found in the already admixed original Northern gene pool.

In Polynesia, the situation is more contrasted. In New Zealand,
only chloroplast lineage 1 was found, and in Hawaii, this lineage
dominated, a pattern expected for varieties that originated from
the Southern gene pool. In contrast, the frequency of chloroplast
lineage 1 was only 19.5% in eastern Polynesia. Considering nuclear
data, only 14 varieties (9 from eastern Polynesia, 1 from Hawaii,
and 2 from New Zealand) were assigned to cluster K7 and 103 to
cluster K2, and 14 had a mixed ancestry (DAPC method). With the
Bayesian clustering method, most of the accessions (127/131) had
a mixed ancestry. The mean proportion of K/ ancestry in Polynesia
was 0.391 (+ 0.128) [ranging from 0.332 (x 0.095) in Hawaii and
0.388 (« 0.136) in eastern Polynesia to 0.585 (+ 0.186) in New
Zealand], a value significantly higher than that calculated in the
Northern gene pool and the western Pacific (P < 0.01 for both),
attesting to the greater contribution of the Southern gene pool in
this area. However, only seven individuals exhibited a genetic
constitution clearly inherited from the Southern gene pool
(chloroplast lineage 1 and assignation to cluster K7). Most modern
accessions seem to have a mixed genetic constitution, “in-
termediate” between the two gene pools.

Herbarium Specimens and the Kumara Line. We recovered material
from 42 herbarium accessions of sweet potato collected worldwide
from the 17th century to the early 20th century and obtained data
on chloroplast microsatellites for all of them and reliable data
on nuclear microsatellites for 30 accessions. Almost all accessions

from Polynesia exhibited a chloroplast lineage 1 haplotype (hap
14) and were assigned to nuclear cluster K1, a genetic background
characteristic of the Southern gene pool (Fig. 2D). In contrast,
herbarium specimens from the Caribbean, South-East Asia, and
Madagascar carried a chloroplast lineage 2 haplotype (hapl_2)
and were assigned to nuclear cluster K2, a genetic constitution
likely inherited from the Northern gene pool. The DAPC and
Bayesian methods gave congruent results (Fig. S2). This clear
geographical pattern provides strong support for the hypothesis
that the Kumara line represents a pre-Columbian diffusion of sweet
potatoes from South America (Peru-Ecuador area) into Polynesia.
Of salient interest are the specimens collected by J. Banks and
D. Solander during Captain James Cook’s first voyage in 1769
(two plants from the Society Islands and one from New Zealand),
because they may represent truly prehistoric introductions. All
three are derived from the Southern gene pool (Figs. 2D and 3
and Fig. S3). The two plants from the Society Islands are a single
clone (multilocus genotypes almost identical). The New Zealand
specimen, however, appears to be a distinct variety, as attested
by morphological features and confirmed by our genetic results
(incompletely genotyped but still with distinct alleles). Other early
20th century specimens from eastern Polynesia also grouped with
the Southern gene pool (Fig. 3 and Fig. S3). Morphologically
distinguishable, they are genetically quite closely related (Fig. 3
and Fig. S3) and may be true representatives of the Kumara line-
age. This result confirms the conclusion of Green (26) that distinct
and identifiable lineages were already present in Polynesia at the
time of early European contacts, likely having, however, a narrow
genetic base (Fig. 3 and Fig. S3). Whether these lineages result
from a single introduction from South America or multiple in-
dependent introductions (possibly including voyages originating
from northern Colombia and Central America) (23, 28) is still
unknown and the present sample of herbarium accessions does
not allow us to rule out multiple prehistoric introductions.

From Ancient to Modern Patterns: Reshuffling of the Initial Genetic
Background of Sweet Potato in Oceania. In the Eastern Pacific. In con-
trast to all herbarium specimens up to the early 20th century, most
of the contemporary varieties from eastern Polynesia (80.5%) carry
a chloroplast lineage 2 haplotype, supporting the long-standing
contention of ethnobotanists that later introductions have replaced
initial sweet potato varieties in this area (35, 40). The relative
stability of genetic constitution reflected by herbarium accessions
from the end of the 18th century to the beginning of the 20th
century from this area may indicate that early European reintro-
ductions (e.g., by traders, whalers, and travelers) did not imme-
diately erase the initial genetic heritage. At first, these movements
may have redistributed clones already present in the region rather
than introducing new genotypes, extending the dispersal of vari-
eties (which the Polynesians themselves had originated) through-
out Polynesia and probably even further westward (24, 35). The

(] - Island Melanesia °

- Others (Micronesia,
Madagascar, Madeira)

New Guinea

- South-East Asia Polynesia
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Fig. 3. Global patterns of genetic differentiation.
Neighbor-joining tree based on the Lynch distance for
the global dataset. Individuals are labeled according
to their geographical origin, in orange, blue, cyan,
green, yellow, magenta, and black for accessions
from the Southern region, the Northern region, Pol-
ynesia, Island Melanesia, New Guinea, South-East
Asia, and “other regions” (Micronesia, Madagascar,
Madeira), respectively. Herbarium specimens from
Polynesia are indicated by red open circles.
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shift probably took place during the 20th century, surely before
the 1960s, when Yen began his collections.

Differentiation patterns observed nowadays reveal that varie-
ties from eastern Polynesia form a heterogeneous group, with a
few accessions closely related to the Southern gene pool, some
to the Northern gene pool, and some to varieties predominant in
the western Pacific, whereas some others are intermediate and
even form a well-differentiated cluster (Fig. 3 and Fig. S3). This
group includes some clonal lineages (i.e., varieties with the same
haplotype and only very few differences between genotypes) and
also cultivars, which, although genetically closely related, may
be derived from independent sexual recombination events. This
pattern of genetic differentiation suggests that later reintroductions
did not simply replace initial ones but rather reshuffled the initial
genetic background. Although mainly clonally propagated, sweet
potato reproduces sexually, and its volunteer seedlings are some-
times incorporated by farmers and multiplied as new clones (24,
41). In the Marquesas and Tahiti, sweet potato long remained of
only secondary importance. In the early 20th century, only a few
native varieties, poorly adapted to the humid tropical environments
of eastern Polynesia, were recorded (42). Strong genetic bottle-
necks, such as those that accompanied prehistoric diffusion of the
crop by Polynesians who likely introduced a limited number of
autoincompatibility groups, may have greatly limited sexual re-
production and subsequent selection of seedlings by farmers as
new clones. Later European reintroductions may have allowed
the initiation of local diversification. Hawaiian varieties exhibit a
quite similar pattern to that shown by eastern Polynesian varie-
ties, and most of them are part of the eastern Polynesian cluster
(Fig. S3). Furthermore, some clones are shared between both
regions (eastern Polynesia and Hawaii), attesting to the circulation
of vegetative propagules between the two areas. Nevertheless, in
Hawaii, early references by European explorers and traders de-
scribed the sweet potato as a plentiful food (26), and in the early
20th century, Handy (43) characterized a great number of local
varieties. Did independent prehistoric introductions, or early his-
torical introductions by Spanish explorers (Fig. 1), broaden the
initial genetic base, thus providing quite rapidly opportunities for
widespread recombination and local selection of variants in this
archipelago? Interestingly, early 20th Century herbarium specimens
already exhibit a “mixed” constitution. Unfortunately, we identified
no old Hawaiian herbarium specimens to confirm this hypothesis.
Also, none of the New Zealand Kumara varieties groups with the
eastern Polynesia/Hawaii cluster (Fig. S3). Two cultivars were clearly
associated with the Southern gene pool on the basis of both kinds of
markers and may represent true original Kumaras. Two other
accessions, recognized by Maori informants to be native Kumaras
(i.e., pre-European introductions) are associated with the North-
ern gene pool and may, instead, represent later reintroductions.

The modern genetic diversity in Polynesia, thus, results from
the local reshuffling of the initial genetic background with later
reintroductions. The observed pattern also reflects the likelihood
that Polynesia long remained relatively isolated from the rest of
the Pacific. Most notably, very few clones are shared between
eastern Polynesia and the western Pacific. Movements of sweet
potato germplasm between the eastern and western Pacific were
quite restricted and did not homogenize sweet potato genetic
diversity in Oceania, a genetic pattern that reflects well the cul-
tural boundary between Polynesia and Island Melanesia.

In the Western Pacific. In contrast, the lack of geographic structure
among western Pacific varieties (Fig. 3 and Fig. S3) suggests a
common genetic background consistent with the tripartite hy-
pothesis. Moreover, this pattern suggests a wide circulation of
varieties across this region, also attested to by the presence of
several shared clones (Dataset S2). Still, the mean value of K1
ancestry found in Melanesia was slightly higher (0.343 + 0.113)
than that observed in New Guinea (0.276 + 0.116) and in South-
East Asia (0.279 + 0.097), which both showed values very similar
to_that observed in _the Northern gene pool (Table S1). The
greater contribution of the Southern gene pool in Melanesia
likely reflects early introductions of true Kumara clones, as also
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suggested by the common use of cognates of this term (“kumara/
kumala”) to designate sweet potato in eastern Melanesia (28, 35).
Also, New Guinea varieties appear to be slightly differentiated
from those of other areas in the western Pacific. These genetic
data, combined with the presence of many names seemingly un-
related to each other (24), likely reflect multiple processes of
local diversification in this island. Also, the frequency distribu-
tion of pairwise Manhattan distances for western Pacific geno-
types (Fig. S4) suggests that the high diversity in this region
appears to have resulted, as suspected by Yen (25), from intensive
recombination among introductions and from the use by farmers
of plants issued from true seed, rather than from clonal evolution
and selection by farmers of somatic mutants.

Did Genes and Names Disperse Together? The mixed clonal/sexual
reproductive system of sweet potato permits frequent recombi-
nation of newly introduced genotypes with local material. In these
recombined genotypes, the name likely follows the phenotype.
Distinctive phenotypes may reflect alleles at loci that are under
strong selection and may show no correlation with the widely
reshuffled neutral genetic background. Thus, old names may
continue to be applied to varieties that have been strongly af-
fected by modern plant movement and local recombination. This
is what likely happened to most of the “native” Polynesian vari-
eties originating from South America, which were progressively
admixed with material introduced much later. An illustration of
this evolutionary scenario may be offered by the group of ancient
Polynesian sweet potatoes named as Convolvulus chrysorrhizus
dulcis by D. Solander (and followed by J. Forster) because of the
bright yellow color of the internal root flesh. In 1960, Yen iden-
tified two very similar groups of yellow varieties (yellow internal
flesh and fusiform root) with a pan-Polynesian distribution (the
“re’amoa” and “hererai” groups) and considered by local people
to be native Kumaras (25, 26). Whereas the “native” yellow variety
described by Banks and Solander carries a chloroplast lineage 1
haplotype, all of the contemporary yellow varieties bear a chlo-
roplast lineage 2 haplotype and are very closely related, probably
forming a clonal lineage or a group of genetically closely related
varieties. The neutral genetic basis likely has shifted, whereas the
initial phenotype, and probably the initial names, appear to have
been well conserved. Thus, genotypes and names do not always
migrate together, and information on each gives access to com-
plementary parts of the plant’s dispersal history.

Conclusion

Our study has shown how historical collections reveal patterns
of diffusion of sweet potato in Oceania that have been obscured
by modern plant movements and local recombination. Our results
provide strong genetic support, previously lacking, for the tri-
partite hypothesis, notably concerning the Kumara line, the pre-
Columbian diffusion of sweet potatoes from South America into
Polynesia. We also suggest why phenotypes, names, and neutral
genes do not necessarily share completely parallel evolutionary
histories. Whereas old names and old phenotypes may endure,
recombination may widely reshuffle their neutral genetic back-
grounds and obscure the pathways of initial diffusion.
Exploiting crops as a proxy of human movements in Oceania
requires multidisciplinary approaches combining linguistics, the
morphological characterization of plants, and phylogeography, in
which the use of herbarium collections may play a critical role.

Materials and Methods

Sampling and Genotyping. We analyzed a total of 1,245 sweet potato
accessions throughout tropical America and Oceania and including some
accessions from South-East Asia and Madagascar (1,188 modern accessions
from several important ex situ collections representing the extant variability
in Oceania and a total of 57 sweet potato herbarium specimens). Genetic
diversity was assessed by using six chloroplast microsatellite loci and 11 nuclear
microsatellite loci. For herbarium specimens, extraction and pre-PCR processing
were conducted in a separate room specifically designed for degraded DNA (44)
(see S/ Text and Datasets S3 and S4 for details).
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Assessing the Genetic Relationships Between Oceanian and Tropical American
Gene Pools with Chloroplast and Nuclear Data. We constructed the median
joining networks of haplotypes from tropical America and Oceania using
the software Network 4.5.6.1 (45) (http://www.fluxus-engineering.com/
sharenet.htm) and compared the proportions of haplotypes from each
chloroplast lineage in the two areas.

We then resorted to two kinds of methods to assign Oceanian varieties
to their neotropical source gene pools on the basis of nuclear data. First, we
used a non-model-based method, the DAPC, a multivariate analysis recently
developed and implemented in the Adegenet R package (38). We ran DAPC
on the tropical American dataset, using Oceanian varieties as supplementary
individuals, retaining five principal components (29.3% of the total variance)
for prior data transformation, for K = 2 (prior grouping obtained following
the K-means clustering algorithm implemented in the Adegenet package) (see
SI Appendix for details). We compared DAPC assignment with that obtained by
a Bayesian model-based method implemented in the software Structure 2.3.3,
recently adapted to handle autopolyploid data (39, 40). By prespecifying
source gene pools in tropical America (as defined by the K-means clustering for
K = 2), the algorithm estimates ancestry for additional individuals (from Oce-
ania), updating allele frequencies using only those from tropical America. We
ran the admixture model with K = 2 (same grouping as for DAPC), correlated
allele frequencies, 50,000 burn-in iterations and 150,000 Markov chain-Monte
Carlo steps, and with data coding for handling genotype ambiguity for co-
dominant markers in polyploids (40). An individual is considered to be well
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assigned to its source gene pool (K7 or K2) if the associated membership
probability (DAPC) or ancestry value (Bayesian clustering) is greater than 0.8;
otherwise, the individual is considered “admixed.”

Global genetic structure was also characterized by constructing a Lynch
distance-based Neighbor-joining tree [with the APE R package (46)] and then
editing it with the software Darwin 5.0.158 (http://darwin.cirad.fr/darwin).
Classical diversity indices, as well as pairwise Manhattan distances, were
computed using custom R scripts.
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