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Abstract—The circumscription of the five to eight species of Luffa, as well as their correct names, have long been problematic. Experts on
the genus, most recently C. Heiser and C. Jeffrey, have disagreed on the number of species in the New World and the application of the name
L. operculata, which in turn affected the names L. quinquefida and L. sepium. Heiser used classic biosystematic methods, including experimental
crossing, to infer species boundaries, but neither researcher had today’s option of using DNA sequences for this purpose. We sequenced
51 accessions of Luffa, representing the geographic range of the genus and as much as possible topotypical or type material. Phylogenies from
four non-coding plastid regions and the nuclear ribosomal DNA spacer region show that eight clades of specimens have geographic-
morphological coherence. Heiser’s view that Luffa has three species in the New World is supported, and there are four species in tropical
and subtropical Asia. Australia has an endemic species, differing from the Indian species with which it had long been lumped. Our vouchered
ITS and plastid sequences from throughout species’ ranges are available in GenBank and can serve to identify Luffa material similar to
standard DNA barcoding regions. We also provide new arguments for Heiser’s application of the name L. operculata to a South American
species, countering Jeffrey’s arguments in favor of its use for a Central American species.
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Luffa is a genus of five to eight species of climbers distrib-
uted in subtropical and tropical Southeast Asia, Australia,
Polynesia, Africa and the New World (Jeffrey 1962, 1992;
Heiser and Schilling 1988, 1990; Heiser et al. 1988). Together
with 11 other genera it belongs to the Sicyoeae clade (Kocyan
et al. 2007; Schaefer et al. 2009) in the gourd family
(Cucurbitaceae). Two species are economically important,
and it was probably this aspect that interested Charles
Heiser, a North American botanist focusing on processes of
domestication (Pickersgill and Anderson 2011). The dried
fibrous fruits (Fig. 1F) serve as sponges and are sometimes
described as vegetable sponge, luffa sponge, or dishrag
gourd (Marr el al. 2005a). They are imported to Europe and
North America from Asia and South America, where they are
produced at varying scales, primarily from smooth loofah,
L. aegyptiaca Mill. (= L. cylindrica (L.) M. J. Roem.; Nicolson
et al. 1988). The fruit matrix is also used to make tissue for
engine filters, steel helmet linings, insulation, and for door
and bath mats (Jansen et al. 1993), and lately as a carrier for
microbial cell immobilization in bioreactors (Phisalaphong
et al. 2007). Especially interesting is the mixing of loofah
fibers with recycled plastic to produce strong, lightweight
panels for furniture and low cost houses in Paraguay (Jeffrey
2008). In India, tropical China and Southeast Asia, the imma-
ture fruits of L. aegyptiaca Mill. and L. acutangula (L.) Roxb.
(Fig. 1A) are eaten as vegetables, and extracts of the flowers,
seeds, roots and leaves are used in ethno-medicine (Marr
et al. 2005a, 2005b). Because of its high fruit yield, a form of
L. acutangula with bisexual in addition to unisexual flowers
(self-compatible like all Cucurbitaceae) is cultivated in the
Indian state Bihar and the Bengal region near the Nepalese
border; it has been formally described as L. hermaphrodita
Singh & Bhandari (Marr et al. 2005b).

Over a period of about ten years, C. Heiser, E. Schilling,
and the Indian geneticist B. Dutt collaborated on Luffa, using
biosystematics approaches such as experimental crossing to
infer reproductive barriers, chromosome counts, and mea-
surements of vegetative and reproductive characters from

living plants. They produced a Wagner tree of morphological
traits and performed parsimony analyses of either 21 or
26 characters, including sexual system (one species of Luffa
is dioecious, the others monoecious), flowering times, mor-
phology (including pollen), and chemical characters (Schilling
and Heiser 1981; Heiser and Schilling 1988, 1990; Heiser et al.
1988). The material from their cultivation experiments was
carefully documented with herbarium vouchers deposited
in the herbarium of the Indiana University in Bloomington.
The results led to the recognition of three species in the
New World: L. quinquefida occurring from Mexico (Gulf of
California) to Nicaragua, L. operculata from Panama to south-
ern Brazil, and L. astorii in coastal Venezuela, Ecuador, and
Peru. This contradicted earlier treatments that had accepted
just one variable species in that region or at most two (Jeffrey
1962, 1992).
The cladogram Heiser and Schilling (1990: Fig. 3) obtained

with their 26 traits, including four flavonoid characters,
partly matched an UPGMA dendrogram from plastid
microsatellites (Chung et al. 2003: Fig. 3), although the latter
lacked L. echinata Roxb. and L. graveolens Roxb., and neither
study assessed statistical support. Following Heiser’s work
on New World loofahs, Marr and colleagues focused on
documenting the geographic range and uses of L. acutangula
and L. aegyptiaca in China, India, Laos, and Nepal (Marr et al.
2005a, 2005b). Linnaeus originally described L. acutangula as
“habitat in Tataria, China,” but subsequent collecting
revealed the presence of the species (Fig. 1B) also in northern
India. Further distinct populations occur in Yemen, where
they have been interpreted as feral introduced L. acutangula
(Heiser and Schilling 1988), and in Australia (Fig. 1C), where
they were described as L. cylindrica var. leiocarpa Naudin
(= L. aegyptiaca var. leiocarpa (Naudin) Heiser & Schilling,
a synonym of L. sylvestris Miquel).
Besides disagreeing on the number of Luffa species in the

New World, Jeffrey (1962; 1992) and Heiser et al. (1988) also
disagreed on the application of the name L. operculata.
Depending on the identity of its nomenclatural type,
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L. operculatawould be an older name for L. quinquefida (which
would thus become a synonym), leaving L. sepium (G.F.W.
Mey.) C. Jeffrey as the oldest name for the South American
material. We take up these nomenclatural issues in the
Discussion, after resolving the main question how many spe-
cies to recognize in the Americas. To answer this question we
generated DNA sequences from non-coding plastid spacers

and introns, and the nuclear ribosomal DNA internal tran-
scribed spacer region (ITS) from 51 accessions of Luffa selected
to represent the geographic range of the genus and as much as
possible also topotypical or type material. Our goals were to
investigate (i) natural species boundaries in Luffa, (ii) whether
New World Luffa have a single progenitor, and (iii) whether
L. graveolens indeed ranges from India to Australia,

Fig. 1. Fruits and flowers of Luffa. The scale bar corresponds to 1 cm. A. Luffa acutangula, India, Rajasthan. B. Luffa acutangula var. amara, mature
dehiscent fruit, India, Rajasthan. C. Luffa aegyptiaca immature fruit, Australia, Northern Territory. D. Luffa graveolens immature fruit, India, Uttar Pradesh.
E. Luffa astorii immature fruit, Peru, Lambayeque. F. Luffa aegyptiaca dried fruit with the fibers that are used as a vegetable sponge, Africa, Tanzania
G. Luffa operculata dried dehiscent fruit, Colombia, Rio Magdalana. H. Luffa astorii flower, Peru, Lambayeque. I. Luffa saccata male flower, Australia,
Northern Territory. J. Luffa echinata male flower, Botanical Garden, Germany, Munich. K. Luffa quinquefida male flower. L. Luffa quinquefida leaf and
immature fruit, both from Mexico, Sonora. M. Luffa astorii leaf, Peru, Lambayeque. Photographs by: T. Andres (G), T. R. Van Devender (K, L),
N. Filipowicz (A, B), N. Holstein (F, J), H. Schaefer (C, I), A. Pandey (D), Maximilian Weigend (E, H, M).
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L. acutangula from India to Yemen, and L. echinata from India
to Cameroon and Mali as traditionally assumed.

Materials and Methods

Taxon Sampling—The monophyly of Luffa has been supported in two
family-wide analyses that included three and six of its species (Kocyan
et al. 2007; Schaefer et al. 2009) as well as in an analysis of Trichosanthes
and relatives (de Boer et al. 2012: five species included). Based on these
studies, we selected two species from the genus Trichosanthes as an
outgroup. Specimens from A, AAU, BRI, C, CANB, DUH, FTG, GH,
IND, K, L, M, MICH, MO, U, and US (acronyms follow Thiers 2013) were
examined, and field observations were made by the second author
in Australia, Brazil, Cambodia, China, Nigeria, Peru, Sierra Leone, and
Tanzania. In 2010, the first author visited the Indian herbaria BLAT, JCB,
and BSI, and also observed Luffa in the field in northwest, west and
southwestern India. We used type localities, information from herbaria
and floras, and our field observations to select specimens for sequencing
that represent most of the geographic range of Luffa (Appendix 1).

Molecular Phylogenetics—Total genomic DNA was isolated from her-
barium specimens, silica-dried leaves, or seeds using the NucleoSpin
plant kit (Macherey-Nagel, Düren, Germany). Luffa fruits are kept
in numerous herbaria and ethnographic collections, and we therefore
also isolated DNA from fruit fibers using two 25-yr-old accessions of
L. aegyptiaca from Laos (K. Marr 3418 and K. Marr 3435 (MICH)) to find
out if they would yield readable sequences. DNA amplification, fragment
purification and cycle sequencing were applied using standard protocols.
We sequenced up to seven plastid regions, namely the trnL intron, the
intergenic spacers trnL-F, rpl20-rps12, ndhF-rpl32, psbA-trnH, and the
genes rbcL and matK, as well as the nuclear ribosomal DNA spacers ITS1
and ITS2, and the intervening 5.8S gene segment. The plastid trnL intron
and trnL-trnF intergenic spacer were amplified using the universal
primers of Taberlet et al. (1991) and additional internal primers for the
trnL intron designed for this study (forC 50 CGAAATCGGTAGACG
CTACG 30, revC1 50ACGCAACGTAGTCAACTCCA 30, forC2 50 CAAA
TGGAGTTGACTACGTTGC 30 and revC3 50CGCATCTGATCAATCAG
TTCTTCA 30). The psbA-trnH spacer was amplified using the primers
described in Volz and Renner (2009), the rpl20-rps12 spacer with the
primers of Hamilton (1999), and the ndhF-rpl32 spacer with the primers
of Steele et al. (2010). The ITS region was amplified using the von
Balthazar et al. (2000) primers. A total of 203 sequences were newly
generated for this study. A combined plastid and nuclear alignment
(comprising trnL intron, trnL-F, rpl20-rps12, ndhF-rpl32, psbA-trnH
intergenic spacers and ITS1–5.8S-ITS2) has been deposited in TreeBASE
(accession number 14229). Forward and reverse strands were sequenced
and consensus sequences were generated with the Sequencher software
(version 5.0, GeneCodes Corp., Ann Arbor, Michigan). Sequence align-
ment relied on MAFFT (Katoh and Standley 2013), followed by manual
adjustments in Mesquite version 2.75 (Maddison and Maddison 2010).
Maximum likelihood (ML) tree searches and bootstrapping (using
1,000 replicates) relied on RAxML version 7.3.0 (Stamatakis et al. 2008)
and the GTR + G model.

To study substitution patterns in Luffa, we constructed additional
matrices of rbcL and matK sequences from 72 and 31 taxa, respectively,
representing the genera of Sicyoeae (mostly from Kocyan et al. 2007;
Schaefer et al. 2009; de Boer et al. 2012). The relative positions of nucleo-
tide substitutions were calculated by comparison with Spinacia oleracea
rbcL and matK sequences based on the spinach plastid genome deposited
in GenBank (accession number AJ400848).

Results

Species Monophyly and Barcoding—In general, the PCR
success rate for Luffa samples was lower than what we
found in other cucurbit genera (Schaefer et al. 2009), espe-
cially for herbarium material older than 50 yr, where only
20% of the samples yielded PCR products. Nevertheless,
we were able to obtain sequences from the holotype of
L. sepium, collected around 1792 in Guyana. DNA isolation
from the two L. aegyptiaca fruit fiber samples yielded good-
quality DNA and plastid and nuclear sequences. The final
plastid matrix consists of 51 accessions of Luffa plus two

Trichosanthes as outgroups and has 3,455 aligned nucleotides
(covering the trnL intron and the trnL-F, rpl20-rps12, ndhF-
rpl32, and psbA-trnH intergenic spacers). The nuclear ITS
matrix consists of 48 Luffa accession, the same outgroups,
and 684 aligned nucleotides. There was no statistically
supported (>75% ML bootstrap support) topological incon-
gruence between trees from the plastid and nuclear data
(trees shown in Figs. S1 and S2), and the matrices were
therefore combined. A tree from the combined data (Fig. 2)
shows L. acutangula as sister to the remaining species,
a grade of Southeast Asian and Australasian species
(L. aegyptiaca, L. echinata, L. graveolens, and L. saccata) and a
clade of all New World accessions. The New world group is
sister to the African and Asian L. echinata and falls in three
subclades: one of plants from Mexico and Nicaragua, one of
plants from eastern and central South America, and one of
material from coastal Ecuador (Guayas), Peru (Ancash,
Lambayeque, Ascope, and Jequetepeque), and the Galapagos
Islands. All new sequences have been deposited in GenBank
(acc. no. KF487311 – KF487512, except KF487327, KF487370,
KF487438 and KF487464).
Analysis of the alignment showed several species-specific

changes in plastid and nuclear regions that can serve as Luffa
barcodes; these indels and single nucleotides substitutions
are listed in Table 1, with nucleotide positions referring to
our alignment (TreeBASE accession number 14229). For
example, all L. echinata from India and Africa share a 1-nt
gap in the trnL intron, a 1-nt gap in the psbA-trnH spacer, a
1-nt insertion in ITS1, a 1-nt insertion in ITS2, and seven
unique substitutions in the trnL-trnF region and ITS. Other
species with informative substitutions are L. graveolens from
India and L. saccata from Australia, traditionally seen as just
one species; Australian material differs from Indian material
in an insertion at position 327 in the trnL intron that varies
from 8–20 nt in length and 6-nt gap in the ndhF-rpl32 spacer
(position 283), while the Indian plants share a 9-nt insertion
in the ndhF-rpl32 region at position 237 and a unique substi-
tution in their ITS2 region.
Another stretch useful for barcoding is the poly-T region in

the psbA-trnH spacer (position 150), where the number of T
residues is characteristic for particular species or species
groups (L. acutangula – 13 +T, L. echinata – 12 +T, L. operculata/
L. quinquefida – 10 +T, L. astorii – 9 +T, L. graveolens/L.saccata/
L. aegyptiaca – 8 +T). The three New World species L. astorii,
L. operculata, and L. quinquefida all share a 4-nt deletion in the
trnL-trnF intergenic spacer (position 883), and L. astorii has
a species-specific deletion in ndhF-rpl32 at position 112. For
further informative changes see Table 1.
Silent and Non-Silent Substitutions in the rbcL and matK

Genes—The three Luffa species sequenced for rbcL (L. aegyptiaca,
L. acutangula, and L. graveolens) when compared to 69 other
Sicyoeae, shared one non-silent substitution at position 88
(CAA instead of GAA; nucleotide positions refer to Spinacia
oleracea; Materials and Methods), resulting in a change of the
encoded glutamine to glutamic acid, and two silent substitu-
tions (TCA instead of TCC at position 684 and AAG instead
of AAA at position 708). Within Luffa, L. aegyptiaca differs from
the other two species by a silent substitution at position 273
(GCG versus GCT). The comparison of six matK sequences
(L. acutangula, L. aegyptiaca, L. astorii, L. echinata, L. graveolens,
L. quinquefida) to 25 representatives of all other genera of
Sicyoeae revealed four Luffa synapomorphic non-silent substi-
tutions at two codon positions (namely: TCT instead of TTA at

2014] FILIPOWICZ ET AL.: PHYLOGENETICS OF LUFFA 207



Fig. 2. Maximum likelihood tree for 51 accessions of Luffa based on plastid and nuclear sequences; numbers at nodes are bootstrap values ³70%, and
the scale bar represents substitutions per site. The tree is rooted on Trichosanthes (Materials and Methods), and the geographic origin of each accession
follows the collector’s name and number. The maps show the species ranges (grey shadow) of the eight species of Luffa (modified from K. Marr, 2004),
the natural distribution for Luffa aegyptiaca and Luffa acutangula is unclear.
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positions 344 and 345, and ATA instead of GCA/CCA/GTA/
AAA at the highly variable positions 361 and 362), resulting
in one polarity change of encoded amino acid. Additionally, five
L. astorii-specific substitutions were found, four of them non-
synonymous (ATC instead of ATG at 282, TTG instead of TTC
at 420, GGT instead of TGT at 553, and ATT instead of GTT at
829 position) and one synonymous (TCC instead of TCA at
position 441). Luffa acutangula can be distinguished from the
other five species by a silent change at position 327 ofmatK.

Discussion

The Eight Natural Species of Luffa and Their Correct
Names—The goals of this study were to investigate (i) natu-
ral species boundaries in Luffa, (ii) whether New World
Luffa has a single progenitor, and (iii) whether the inter-
continentally distributed L. acutangula, L. echinata, and
L. graveolens are monophyletic in their traditional broad
circumscriptions (which for L. graveolens included all
Australian material). Based on plastid and nuclear sequences
from 51 accessions, 21 of them from the New World, we infer
that the neotropical Luffa species derive from a single ancestor
that gave rise to three entities occupying distinct geographic
regions. They are probably best ranked as species, especially
given the biosystematic data of Charles Heiser and col-
leagues. In numerous attempts over three years of crossing
L. astorii and L. operculata, Heiser et al. (1988) obtained a
single viable seed that gave rise to a plant with abnormally
developed flowers that produced no anthers. No fruits were
secured when it was pollinated by the parental species.
Hybrids between L. astorii and L. quinquefida, and between
L. operculata and L. quinquefida were fairly readily obtained
with the latter species as the pistillate parent. Few seeds could
be grown to maturity, and pollen viability and seed set in the
F1 plants was low.

In the DNA phylogeny obtained here (Fig. 2), L. operculata
and L. quinquefida together form the longest branch, sister to
L. astorii from northwestern coastal Ecuador, Peru, and the
Galapagos Islands. This clearly rejects the hypothesis that

“the third species recognized by Heiser et al. (1988), L. astorii
Svent. [sic], with a restricted distribution in north-east South
America, is but doubtfully distinct” (Jeffrey 1992: 742). As
noted by Heiser et al. (1988), L. astorii differs from the other
two species both morphologically and physiologically. For
instance, the corollas in L. astorii are deep yellow (Fig. 1H)
with lobes of the male flowers over 12 mm long, while
L. operculata and L. quinquefida have smaller male flowers
with pale or deep yellow corolla respectively (L. quinquefida
flower is shown in Fig. 1K). Over the three-year period
that Heiser grew plants in a greenhouse in Bloomington
(Indiana), L. astorii flowered in early July, L. operculata in late
August or September, and L. quinquefida in mid-June. A fruit
and leaf blade of L. astorii are shown in Figs. 1E and 1M,
and a fruit of L. operculata in Fig. 1G. The type of L. astorii is
from the Galapagos, and Svenson’s protologue cites speci-
mens from coastal Ecuador and Peru. He therefore could
have refrained from creating the new name L. astorii and
instead have assigned a higher rank to L. operculata var. lobata
Cogn., the type of which is from the coastal city of Guayaquil
and which was synonymized under L. astorii by
Heiser et al. (1988).
Concerning the New World species, another point of dis-

agreement between Jeffrey (1992) and Heiser et al. (1988) was
the application of the name L. operculata. Jeffrey (1992) and
Jarvis (2007) have clarified that the type of this name is a
Commelin (1706) plate (Wijnands 1983, contra Wunderlin
1978; our Fig. 3). However, Jeffrey (1992: 742) further claimed
that the leaf shapes of the plant depicted by Commelin
“match well the shape silhouetted in Fig. 2 of Heiser et al.
(1988),” which shows a typical leaf of the Mexican species of
Luffa. Inspection of Heiser et al.’s figure and Commelin’s
plate (Fig. 3) shows that this is incorrect. Instead, the leaves
on the Commelin plate only match Luffa leaves from Brazil
shown in Heiser et al.’s Fig. 3a (1988). Leaves from Mexico
are always deeply 5-lobed with rounded sinuses (compare
our Fig. 1L), while leaves from South America lack rounded
sinuses. Jeffrey’s erroneous linking of the name L. operculata
to Mexican material naturally led him to synonymize

Table 1. Species-specific insertions, deletions and substitutions in nuclear and plastid regions of Luffa. The numbers in parentheses refer to
nucleotide positions in particular regions of our alignment (TreeBASE accession number 14229).

Species trnL intron trnL-trnF spacer psbA-trnH ndhF-rpl32 rpl20-rps12 ITS1–5.8S-ITS2

L. aegyptiaca – – G (63) C (432) G (560) –
L. acutangula 1nt insertion

(125 & 296)
C (392)

T (746) G (42)
13 +T in poly-T

region (150)

T (397)
AT (302)

– T (571)

L. astorii – – 9 +T in poly-T
region (150) A (232)

10 nt gap (112)
A (248)
A (252)

– –

L. echinata T (379)
1 nt gap (438)

– 1 nt gap (127)
12 +T in poly-T

region (150)

– – A (70)
T (75)
T (80)
1 nt insertion (184)
1 nt insertion (406)
T (440)
T (442)

L. graveolens – – – 9 nt insertion (237) – T (426)
L. operculata 63 insertion

(311)
– – – – –

L. quinquefida 50 nt insertion
(311)

G (733) – – – 1 nt gap (413)

L. saccata 8–20 nt (327) – – 6 nt gap (283) – –
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L. quinquefida (the type of which is from Mexico) under
L. operculata, when instead the former is the oldest available
name for the Central American (Mexico, Guatemala, and
Nicaragua) species of Luffa. A further consequence of
Jeffrey’s erroneous application of L. operculata to Central
American material is that the earliest name for the South
American species (Panama, Colombia, Venezuela, Suriname,
Brazil, and Peru) then becomes L. sepium (G. F. W. Meyer)
C. Jeffrey, based on a collection from the Essequibo River
in Guyana. We instead agree with Heiser et al. (1988) that
L. sepium is a synonym of L. operculata because sequences
from the holotype of L. sepium, collected by E. K. Rodschied
around 1792 on Wakenaam Island (Guyana), were identical
to those of our other specimens of L. operculata.
Overall, Luffa thus has eight monophyletic species, three

in the New World, four in Asia (L. acutangula, L. aegyptiaca,
L. echinata, and L. graveolens, some shared with North Africa),
and one in Australia (L. saccata). The traditional lumping of
L. saccata and L. graveolens (starting with Naudin 1859) needs
to be abandoned because their genetic differences (Table 1)
are as profound as those among the other entities ranked
as species in the genus. Luffa graveolens (Fig. 1D) occurs in
India, Nepal, Bangladesh, and Myanmar, and morphologi-
cally differs from the Australian species (Fig. 1I) in the much
shorter pedicels of its male flowers (for details see Telford
et al. 2011).
The last question answered in this study concerned the

intercontinental disjunctions in L. acutangula, which grows
in the wild in China, India, and the Yemen, and L. echinata
(Fig. 1J), which occurs in northern India and northern Tropical

Africa, where it is widely distributed. Based on the DNA tree
(Fig. 2) both species are monophyletic. Our nucleotide data
were insufficient to pick up differences between domesticated
and wild forms (L. acutangula var. acutangula and var. amara)
or between these forms and the small-fruited Yemeni var.
forskalii of which we sequenced DNA from the type collection.
We are therefore unable to localize the centers of domestica-
tion of these species. The economic uses of Luffa undoubtedly
have led to repeated transfer of plant material, a topic not
pursued in this study except for our sequencing of a West
African (Senegalese) collection (J. Berhaut 7308, M) of the
New World species L. operculata. We suspect that the plant
collected by Berhaut was the result of cultivation of that South
American species in West Africa, although we cannot exclude
the possibility of long distance dispersal across the Atlantic.

Sequence Divergence in Luffa Compared to Other Cucur-
bitaceae and Barcoding for Its Eight Species—Luffa represents
an old and isolated line of the Cucurbitaceae, with a crown
age of 11 ± 5 million years [Ma] and a stem age of 35 ± 3 Ma
(Schaefer et al. 2009) or 17 ± 7 Ma and 39 ± 5 Ma (de Boer
et al. 2012). The cohesiveness of its current eight species sug-
gests that most of them originated over just a few million
years, while the divergence in the coding regions rbcL and
matK compared to the remaining Sicyoeae (Results) fits with
the long evolution of the Luffa stem lineage. In the matK gene
alone, Luffa possesses four genus-specific non-synonymous
nucleotide changes, and there are four non-silent substitu-
tions in the South American L. astorii, the species that is
sister to the other two American species, L. operculata
and L. quinquefida.

Barcoding of the eight species can readily be accomplished
with one or several of the short spacers sequenced here,
either using single nucleotide substitutions or else indels
(Table 1) by adding unknown sequences to our alignment,
available from TreeBASE. Most informative among the
regions we sequenced were the trnL-trnF intron and spacer,
and the ITS region, which accumulate the highest number
of species-specific changes and have the largest number
of Cucurbitaceae sequences available in GenBank: 385 of
the trnL intron, 919 of trnL-trnF spacer, and 1,980 of ITS
(as of April 2013). Since DNA isolation from old Luffa fruit
fibers, such as found in museum artifacts, also resulted in
readable sequences, the identification of ethnographic mate-
rial represented only by fruits is now possible.
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Appendix 1. List of plant material included in this study, with species authors, vouchers and their geographic origin, GenBank accession numbers
for all sequences. TCN refers to The Cucurbit Network, an association run by D. Decker-Walters between 1994 and 2004; Decker-Walters grew many of
the seeds collected by C. Heiser, with whom she collaborated. Herbarium acronyms follow Thiers (2013). Sequences marked with a star were shorter
than 200 bp and thus could not be deposited in GenBank, but are available from the first author on request.

Species Voucher Geographic origin

GenBank accession

trnL intron,
trnL-F spacer

psbA-trnH
spacer

ndhF-rpl32
spacer

rpl20-rps12
spacer

ITS1, 5.8S
rRNA, ITS2 matK

Luffa acutangula
Roxb.

R. O. Belcher
681 (K)

India,
Upper Burma

KF487441 * KF487394 KF487330

Luffa acutangula
Roxb.

N. Holstein
& N. Filipowicz
128 (M)

India, Rajasthan KF487443 * KF487396 KF487331

Luffa acutangula
var. amara
(Roxb.)
C.B. Clarke

N. Filipowicz et al.
15 (M, photo
voucher)

India, Rajasthan KF487442 * KF487395

Luffa acutangula
var. amara
(Roxb.)
C.B. Clarke

N. Filipowicz et al.
37 (M, photo
voucher)

India, Rajasthan KF487445 KF487491 KF487398 KF487333

Luffa acutangula
var. amara
(Roxb.)
C.B. Clarke

N. Filipowicz et al.
41 (M)

India, Gujarat KF487446 * KF487399 KF487334

Luffa acutangula
var. amara
(Roxb.)
C.B. Clarke

Seeds from Jodhpur
grown by
C. B. Heiser
s. n. (IND);
also grown by
D. Decker-Walter
as TCN 1548

India, Rajasthan KF487444 KF487490 KF487397 KF487371 KF487332 KF487360

Luffa acutangula
var. forskalii
(Schweinf.
ex Harms)
Heiser
& E.E. Schill.

G. Schweinfurth
545 (HUH,
isotype)

Yemen, Badjil KF487448 * KF487336

Luffa acutangula
var. forskalii
(Schweinf.
ex Harms)
Heiser
& E.E. Schill.

Seeds from Yemen
grown by
C. B. Heiser
s. n. (IND);
also grown by
D. Decker-Walter
as TCN 1549

Yemen KF487447 KF487492 KF487400 KF487372 KF487335

Luffa aegyptiaca
Mill.

J. Russel-Smith
& D. Lucas
5443 (BRI)

Australia,
Northern
Territory

KF487456 KF487500 KF487377 KF487344

Luffa aegyptiaca
Mill.

B. M. Waterhouse
6308 (BRI)

Australia,
Queensland

KF487459 KF487503 KF487410 KF487379 KF487347

Luffa aegyptiaca
Mill.

E. Schutz 300 (L) Indonesia, Lesser
Sunda Islands,
Flores

KF487457 KF487501 KF487408 KF487345

Luffa aegyptiaca
Mill.

R.D. Hoogland
4298 (K)

Papua
New Guinea,
Milne Bay

KF487451 KF487495 KF487403 KF487339

Luffa aegyptiaca
Mill.

A. Whistler
4117–5 (K)

Samoa, Upolu KF487460 KF487504 KF487411 KF487348

Luffa aegyptiaca
Mill.

K. Marr 3418
(MICH)

Laos, Ban Thong KF487452 KF487496 KF487404 KF487374 KF487340 KF487361

Luffa aegyptiaca
Mill.

K. Marr 3435
(MICH)

Laos, Ban Thong KF487453 KF487497 KF487405 KF487341

Luffa aegyptiaca
Mill.

N. Filipowicz et al.
22 (M)

India, Tamil Nadu KF487450 KF487494 KF487402 KF487338

Luffa aegyptiaca
Mill.

R.W. Squires
801 (M)

Vietnam, Dalat KF487458 KF487502 KF487409 KF487378 KF487346

Luffa aegyptiaca
Mill.

S. S. Renner
& N. Filipowicz
2841 (M)

Cultivated from
commercial
seeds

KF487455 KF487499 KF487407 KF487376 KF487343 KF487359

(Continued)
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APPENDIX 1. (Continued)

Species Voucher Geographic origin

GenBank accession

trnL intron,
trnL-F spacer

psbA-trnH
spacer

ndhF-rpl32
spacer

rpl20-rps12
spacer

ITS1, 5.8S
rRNA, ITS2 matK

Luffa aegyptiaca
Mill.

S. S. Renner
& A. Kocyan
2756 (M),
from seeds
grown as var.
leiocarpa by D.
Decker-Walter
as TCN 932
(FTG!)

Australia KF487454 KF487498 KF487406 KF487375 KF487342

Luffa aegyptiaca
Mill.

Grown as var.
leiocarpa by D.
Decker-Walter,
TCN 1550

China, Yunnan KF487449 KF487493 KF487401 KF487373 KF487337

Luffa astorii
Svenson

M. Hamann
& O. Hamann
1534 (C)

Galapagos,
Santa Maria

KF487425 KF487474 KF487386 KF487314

Luffa astorii
Svenson

H.H. van der Werff
2164 (U)

Galapagos,
Santa Cruz

KF487431 KF487481 KF487366 KF487321

Luffa astorii
Svenson

E. Asplund
15346 (C)

Ecuador, Guayas KF487421 KF487470 KF487384 KF487311

Luffa astorii
Svenson

E. Cerrate et al.
5174 (MO)

Peru, Ancash KF487422 KF487471 KF487312

Luffa astorii
Svenson

M. Weigend et al.
8521 (M)

Peru,
Lambayeque

KF487430 KF487480 KF487389 KF487365 KF487320

Luffa astorii
Svenson

A. Sagastequi A.
14901 (MO)

Peru, Ascope KF487429 KF487479 KF487319

Luffa astorii
Svenson

H. Ellenberg
1233 (U)

Peru,
Lambayeque

KF487424 KF487473

Luffa astorii
Svenson

D. S. Decker-Walters
& C. B. Donnam
1182 (FTG!),
grown by
Decker-Walters
from seeds
collected
in Peru

Peru,
Jequetepeque

KF487423 KF487472 KF487385 KF487363 KF487313 KF487357

Luffa astorii
Svenson

L. Holm-Nielsen
et al. 2500
(AAU)

Ecuador, Guayas KF487427 KF487476 KF487316

Luffa astorii
Svenson

Seeds from
Guayaquil
grown by
C. B. Heiser
Lo1 (IND),
also grown
by D. Decker-
Walter
as TCN 1547

Ecuador, Guayas KF487426 KF487475 KF487387 KF487364 KF487315

Luffa astorii
Svenson

J. Madsen
63536 (AAU)

Ecuador, Guayas
(Isla Puna)

KF487477 KF487388 KF487318

Luffa astorii
Svenson

J. Madsen
63011 (AAU)

Ecuador, Guayas
(Isla Puna)

KF487428 KF487478 KF487317

Luffa echinata
Roxb.

R. B. Majumdar
13381 (L)

India,
Uttar Pradesh

KF487463 KF487507 KF487413 KF487351

Luffa echinata
Roxb.

D. S. Decker-Walters
1481 (FTG!),
grown from
seeds originally
collected by
B. Dutt for
C. Heiser in the
1980s

India, collected
by B. Dutt

KF487461 KF487505 KF487380 KF487349

Luffa echinata
Roxb.

N. Holstein
& N. Filipowicz
123 (M)
From seeds
collected
by Sir El Khatim

Sudan, Khartoum KF487462 KF487506 KF487412 KF487381 KF487350 KF487362

(Continued)

2014] FILIPOWICZ ET AL.: PHYLOGENETICS OF LUFFA 213



APPENDIX 1. (Continued)

Species Voucher Geographic origin

GenBank accession

trnL intron,
trnL-F spacer

psbA-trnH
spacer

ndhF-rpl32
spacer

rpl20-rps12
spacer

ITS1, 5.8S
rRNA, ITS2 matK

Luffa echinata
Roxb.

G. Schweinfurth
555 (M)

Egypt, Berber EU436357 KF487414 HE661478

Luffa graveolens
Roxb.

S. S. Renner
& A. Kocyan
2758 (M),
also grown by
D. Decker-Walters
1543 (FTG!),
from USDA seeds
collected by
T.W. Whitaker

India, USDA
PI540921

KF487466 KF487509 KF487416 KF487382 KF487353 EU436409

Luffa graveolens
Roxb.

A. Pandey
101401 (DUH)

India,
Uttar Pradesh

KF487465 KF487508 KF487415 KF487352

Luffa operculata
(L.) Cogn.

D. S. Decker-Walters
1183 (FTG!)
Grown from
seeds collected
by T. Andres

Panama, Coclé KF487433 KF487483 KF487390 KF487367 KF487323

Luffa operculata
(L.) Cogn.

Seeds from São José
do Rio Preto
grown by
C. B. Heiser
Lo2 (IND),
grown by
D. Decker-Walter
as TCN 1545

Brazil, São Paulo KF487434 KF487484 KF487391 KF487368 KF487324

Luffa operculata
(L.) Cogn.

S. McDaniel
& M. Rimachi Y.
19937 (US)

Peru, Loreto KF487432 KF487482 KF487322

Luffa operculata
(L.) Cogn.

J. Berhaut 7308 (M) Senegal, Rufisque
Department

EU436359 EU436335

Luffa operculata
(L.) Cogn.

E. C. Rodschied
298 (GOET),
annotated as
L. sepium
holotype

Guyana,
Wakenaam
Island

KF487435

Luffa quinquefida
(Hook. & Arn.)
Seem.

H. Gentry et al.
4742 (HUH)

Mexico, Sonora KF487436 KF487485 KF487326

Luffa quinquefida
(Hook. & Arn.)
Seem.

Seeds from Sinaloa
grown
by C. Heiser
LoMex (IND),
grown as by
D. Decker-Walter
as TCN 1546

Mexico, Sinaloa KF487437 KF487486 KF487392 KF487369 KF487325 KF487358

Luffa quinquefida
(Hook. & Arn.)
Seem.

S. S. Renner
& A. Kocyan
2754 (M); D. S.
Decker-Walters
1440 (FTG!)

USA, Louisiana DQ535880 KF487487 KF487393 DQ536565 HQ201986 DQ536697

Luffa quinquefida
(Hook. & Arn.)
Seem.

W.D. Stevens
& B.A. Krukoff
13251 (MO)

Nicaragua,
Dep. Leon
(Isla
Momotombito)

KF487439 KF487488 KF487328

Luffa quinquefida
(Hook. & Arn.)
Seem.

I.L. Wiggins
& R.C. Rollins
274 (HUH)

Mexico, Sonora KF487440 KF487489 KF487329

Luffa saccata
F.Muell.
ex I.Telford

D. S. Decker-Walters
1482 (FTG!),
grown from
seeds collected
by C.R. Dunlop
for C. Heiser
in the 1980s

Australia,
collected
by C.R. Dunlop

KF487467 KF487510 KF487417 KF487354

Luffa saccata
F.Muell.
ex I.Telford

A.A. Mitchell
3352 (CANB)

Australia KF487468 KF487511 KF487418 KF487383 KF487355

(Continued)
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APPENDIX 1. (Continued)

Species Voucher Geographic origin

GenBank accession

trnL intron,
trnL-F spacer

psbA-trnH
spacer

ndhF-rpl32
spacer

rpl20-rps12
spacer

ITS1, 5.8S
rRNA, ITS2 matK

Luffa saccata
F.Muell.
ex I.Telford

M.J.S. Sands
4499 (L)

Australia,
Kimberley

KF487469 KF487512 KF487419 KF487356

OUTGROUPS:
Trichosanthes

costata
Blume
(=Gymnopetalum
chinense (Lour.)
Merrill)

H. Schaefer
2005/661 (M)

China EU155630
EU155621

EU155612 HE661294 EU155606

Trichosanthes
cucumerina L.

1) H. Schaefer
2007/327 (M)

1)Cultivated
Bot. Garden
Munich

1)EU155633 3)KF487420 2)HE661486 2)HE661320 2)HE661410

2) N. Lundqvist
11380 (UPS)

2)Sri Lanka 1)EU155623

3) T. Haegele
12 (M photo
voucher)

3)Sri Lanka
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