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Series Preface

There is increasing interest in industry, academia, and the health sciences in medici-
nal and aromatic plants. In passing from plant production to the eventual product
used by the public, many sciences are involved. This series brings together informa-
tion that is currently scattered through an ever-increasing number of journals. Each
volume gives an in-depth look at one plant genus about which an area specialist has
assembled information ranging from the production of the plant to market trends and
quality control.

Many industries are involved, such as forestry, agriculture, chemical, food, flavor,
beverage, pharmaceutical, cosmetic, and fragrance. The plant raw materials are
roots, rhizomes, bulbs, leaves, stems, barks, wood, flowers, fruits, and seeds. These
yield gums, resins, essential (volatile) oils, fixed oils, waxes, juices, extracts, and
spices for medicinal and aromatic purposes. All these commodities are traded world-
wide. A dealer’s market report for an item may say “drought in the country of origin
has forced up prices.”

Natural products do not mean safe products, and account of this has to be taken
by the above industries, which are subject to regulation. For example, a number of
plants that are approved for use in medicine must not be used in cosmetic products.

The assessment of “safe to use” starts with the harvested plant material, which
has to comply with an official monograph. This may require absence of, or pre-
scribed limits of, radioactive material, heavy metals, aflatoxin, pesticide residue, as
well as the required level of active principle. This analytical control is costly and
tends to exclude small batches of plant material. Large-scale, contracted, mecha-
nized cultivation with designated seed or plantlets is now preferable.

Today, plant selection is not only for the yield of active principle, but for the
plant’s ability to overcome disease, climatic stress, and the hazards caused by man-
kind. Methods such as in vitro fertilization, meristem cultures, and somatic embryo-
genesis are used. The transfer of sections of DNA is leading to controversy in the
case of some end uses of the plant material.

Some suppliers of plant raw material are now able to certify that they are supplying
organically farmed medicinal plants, herbs, and spices. The Economic Union direc-
tive CVO/EU No. 2092/91 details the specifications for the obligatory quality controls
to be carried out at all stages of production and processing of organic products.

Fascinating plant folklore and ethnopharmacology lead to medicinal potential.
Examples are the muscle relaxants based on the arrow poison curare from species of
Chondrodendron, and the antimalarials derived from species of Cinchona and
Artemisia. The methods of detection of pharmacological activity have become
increasingly reliable and specific, frequently involving enzymes in bioassays and
avoiding the use of laboratory animals. By using bioassay-linked fractionation of
crude plant juices or extracts, compounds can be specifically targeted which, for
example, inhibit blood platelet aggregation, or have antitumor, antiviral, or any other

xiii



xiv Series Preface

required activity. With the assistance of robotic devices, all the members of a genus
may be readily screened. However, the plant material must be fully authenticated by
a specialist.

The medicinal traditions of ancient civilizations such as those of China and India
have a large armamentarium of plants in their pharmacopoeias that are used through-
out Southeast Asia. A similar situation exists in Africa and South America. Thus, a
very high percentage of the world’s population relies on medicinal and aromatic
plants for their medicine. Western medicine is also responding. Already in Germany
all medical practitioners have to pass an examination in phytotherapy before being
allowed to practice. It is noticeable that medical, pharmacy, and health-related
schools throughout Europe and the United States are increasingly offering training
in phytotherapy.

Multinational pharmaceutical companies have become less enamored of the sin-
gle compound, magic-bullet cure. The high costs of such ventures and the endless
competition from “me-too” compounds from rival companies often discourage the
attempt. Independent phytomedicine companies have been very strong in Germany.
However, by the end of 1995, 11 (almost all) had been acquired by the multinational
pharmaceutical firms, acknowledging the lay public’s growing demand for phyto-
medicines in the Western world.

The business of dietary supplements in the Western world has expanded from the
health store to the pharmacy. Alternative medicine includes plant-based products.
Appropriate measures to ensure their quality, safety, and efficacy either already exist
or are being answered by greater legislative control by such bodies as the U.S. Food
and Drug Administration and the recently created European Agency for the
Evaluation of Medicinal Products based in London.

In the United States, the Dietary Supplement and Health Education Act of 1994
recognized the class of phytotherapeutic agents derived from medicinal and aromatic
plants. Furthermore, under public pressure, the U.S. Congress set up an Office of
Alternative Medicine, which in 1994 assisted the filing of several Investigational
New Drug (IND) applications required for clinical trials of some Chinese herbal
preparations. The significance of these applications was that each Chinese prepara-
tion involved several plants and yet was handled as a single IND. A demonstration of
the contribution to efficacy of each ingredient of each plant was not required. This
was a major step toward more sensible regulations with regard to phytomedicines.

My new book series “Traditional Herbal Medicines for Modern Times” (CRC
Press) has included some important examples of Chinese and Japanese formulae,
commonly of three to six dried herbs and now available as tablets or water soluble
granules for the treatment of cardiovascular disease (Vol. 1) or liver disease (Vols. 3
and 7) or to relieve the adverse effects of Western anticancer drugs (Vol. 5). Other
books have covered Ayurvedic herbs and Rasayana (Vol. 2); antimalarial plants
(Vol. 4); antidiabetic plants (Vol. 6); cosmetic plants (Vol. 8) and figs (Vol. 9). More
are in preparation.

To return to the present series and particularly the topic of vanilla, James A Duke,
in his Handbook of Medicinal Plants of Latin America (CRC Press, 2009) has given
the medicinal uses of the tinctures and decoctions of the pods, stems and roots of this
plant (pages 733-735).
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This volume, Vanilla, edited by Eric Odoux and Michel Grisoni, is outstanding in
that it is the first comprehensive volume on the subject in English. I am very grateful
to them for all their hard work and to the contributors of the 24 chapters for their
authoritative information. My thanks are also due to Barbara Norwitz and her staff,
including production coordinator Jessica Vakili, for their unfailing help.

Roland Hardman, BPharm, BSc (Chem), PhD (London), FR Pharm S
Head of Pharmacognosy (Retired), School of Pharmacy & Pharmacology
University of Bath, United Kingdom






Preface

Vanilla is a legacy of Mexico, and like chocolate, another major global delicacy, it is
the basis of many sweets, ice cream, and cola drinks. Vanilla flavor is appreciated in
any concentration by most people all over the world. It represents a large market of
almost a half billion Euros per year, with only a few countries producing the pods of
this tropical orchid. An orchid with special demands for soil and climate, sensitive to
pests and diseases, and because of its vegetative propagation it has little genetic
variation in the producing areas. In addition, several of the major growing regions,
such as Madagascar, are regularly hit by tropical storms. This makes vanilla a vul-
nerable crop, resulting in large yearly changes in price. Moreover, the green beans
need an elaborate curing procedure, which results in the final product: the dark col-
ored pods which contain a high amount of vanillin. This process is still not well
understood, though of crucial importance for the vanilla flavor.

The supply issue obviously resulted in efforts to start production in other regions
and even in greenhouses, or to alternatively look for other sources of vanillin. With
the food and beverage industry as the major users, the preferred source is a natural
one, which means production by other plants or microorganisms, including the
microbial bioconversion of vanillin precursors. Vanillin is thus available as a pure
chemical entity both of natural and synthetic origin, but the pure compound does not
give the same flavor as obtained with vanilla pods, or extracts thereof. Because of the
large differences in price between the different commodities, adulteration is not
uncommon.

This very brief sketch of vanilla explains the diverse research in this field. This
includes biotechnology aimed at finding novel production methods of vanillin, hor-
ticultural studies for improving yields and increasing the resistance of the plants,
entomology for finding possible pollinators required in areas outside of the original
habitat, studies on the chemistry and biochemistry of the curing process, and unfor-
tunately also advanced analytical chemistry to be able to identify adulterations such
as vanillin-spiked pods, and synthetic vanillin instead of natural vanillin.

This book gives an excellent overview of this field. All chapters are written by
experts, each with many years of experience in their respective fields. This book
shows the past, present, and future of vanilla, and with no doubt will serve for many
years to come as the major comprehensive source of information on vanilla, the
standard reference source for all who have interest in vanilla, such as producers,
flavorists, researchers, and consumers.

Rob Verpoorte

Department of Pharmacognosy/Metabolomics
Leiden University

Leiden, the Netherlands
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Michel Grisoni graduated in agronomy and holds a PhD in plant pathology from
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has focused primarily on virus diseases and then moved towards the characteriza-
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’I Vanilloid Orchids

Systematics and Evolution

Kenneth M. Cameron
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INTRODUCTION

Vanilla and its relatives are surviving members of what is likely an ancient lineage of
flowering plants. Many are restricted to remote localities, and some are threatened
with extinction. We certainly know a great deal about Vanilla planifolia—methods
of cultivation, diseases that affect the domesticated vines, and techniques of fruit
processing—but the fundamental natural history of the entire genus Vanilla and its
closest relatives is still poorly known. The systematic study of these plants has been
and continues to be surrounded by controversies. For these reasons it is encouraging
to witness the increased level of knowledge in recent years regarding their classifica-
tion and evolution, which has come about primarily thanks to the increased use of
DNA-based data in systematic studies (e.g., see Cameron, 2003, 2004, 2006).

Until the end of the twentieth century, the vanilloid orchids had proven difficult to
classify within any particular subtribe, tribe, or subfamily of the family Orchidaceae.
On the one hand, they share the presence of a fully bent, single, fertile anther with
various advanced orchid lineages. On the other hand, they exhibit a variety of char-
acters considered primitive among orchids. Botanists now consider the single fertile
anther at the apex of the vanilla flower’s column to have risen by way of a different
evolutionary process than that of nearly all other orchids (i.e., those classified within
the Epidendroideaec and Orchidoideae subfamilies). For this reason and others
mentioned below, vanilla and related orchids are now classified within their own
unique subfamily, Vanilloideae, as shown in Figure 1.1.

As we move further into the twenty-first century and the genomics era, there is little
doubt that plant breeders will endeavor to improve vanilla as a crop plant using genetic

1



2 Vanilla

Epidendroideae

Orchidoideae

Cypripedioideae

Vanilla
Pseudovanilla
Erythorchis
Cyrtosia
Galeola
Lecanorchis

Eriaxis

Vanilleae

Clematepistephium
Epistephium

Pogonia
Isotria

Vanilloideae

Cleistes divaricata

Cleistes
Duckeella

\ —ml] Apostasiodeae

FIGURE 1.1 Cladogram depicting the phylogenetic relationships among subfamilies of
Orchidaceae and among genera within Vanilloideae based on a combination of nuclear, mito-
chondrial, and plastid DNA sequence data. The subfamily is divided into two tribes: Pogonieae
and Vanilleae. Note that Vanilla shares a common ancestor with a clade of four genera includ-
ing Galeola and Pseudovanilla.

modification. Any future genetic studies into the structure and development of the
vanilla flower and/or fruit should consider looking closely at other genera of Vanilloideae
with shared ancestry, rather than making direct comparisons only to more distantly
related orchids or other flowering plants. Such comparisons could be misleading in
their assumptions of homology. This point is best appreciated by considering that over
the course of more than 65 million years, vanilloid orchids have become adapted to a
variety of specialized habitats, pollinators, and seed-dispersal strategies. They all share
a fundamental genome in common, based on a now extinct ancestor, and yet differ-
ences in gene expression and regulation ultimately determine whether a given vanilloid
orchid grows in the tropics or survives temperatures well below freezing, whether it
grows as an erect herb or as a vine, and whether it will produce a dry flavorless capsule
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or an aromatic fleshy fruit. As genomic and proteomic technology is eventually applied
to crop plants of lesser economic value (compared to cereals and legumes, for example)
studies targeting the improvement of vanilla may also wish to consider other genera of
tribe Vanilleae or subfamily Vanilloideae. For example, it might be possible to develop
more cold- and shade-tolerant vanilla vines by first studying the physiology and genetic
makeup of Cyrtosia, a close relative that survives in the deciduous forests of Japan and
China. On the basis of these arguments, a review of vanilloid orchid systematics (the
scientific study of the diversity and classification of organisms) is presented here in
order to set the stage for a more comprehensive understanding of the biology of V. plan-
ifolia and these exceptional orchids.

EVOLUTION OF VANILLOID ORCHIDS

An unsubstantiated hypothesis has persisted among biologists that the orchid family
is only recently evolved relative to other flowering plants. To support this opinion,
botanists cite the relatively low levels of genetic diversity among orchid genera and
species, many of which can be hybridized easily with one another. They provide
evidence in the fact that the geologically young Andes of South America and
Highlands of New Guinea are centers of greatest orchid diversity. The close relation-
ship between orchids and social bees, which are thought to have evolved much later
than other insects, is also given as proof, and the fact that most orchid genera are
found in either the Paleotropics or the Neotropics, but rarely are pantropical, indi-
cates to some that Orchidaceae evolved only recently and certainly long after the
separation of today’s continents.

Molecular phylogenetic studies of Vanilloideae challenge the notion that the entire
orchid family is recently evolved, however, and new perspectives on the systematics
of Orchidaceae downplay or even contradict some of the facts mentioned above. For
example, Vanilla is one of a few orchid genera with a transoceanic distribution that
may not be due entirely to long-distance dispersal. Extant species are native to North
America, South America, Africa, and Asia (see Figure 1.2). The fact that vanilloid
orchids survive in the Guyana Shield region of South America, tropical Australia and
Africa, Madagascar, and on the island of New Caledonia (a nonvolcanic Pacific island
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FIGURE 1.2 Paleotropical distribution of Vanilla, and estimates of species diversity within
each geographic region.
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with a peculiar ancient flora that separated from Gondwana around 65 million years
ago) may also provide evidence of their considerable age and possible status as ancient
relicts (Cameron, 1999, 2000).

Furthermore, subfamily Vanilloideae is positioned near the base of the orchid
family tree, and Orchidaceae is the basal family within the large monocot order
Asparagales (including onions, agaves, hyacinths, and the iris family, among
others). Molecular clock estimates of the evolutionary age of these plants have
calculated that Orchidacaeae may trace their origins back at least 76—119 million
years (Janssen and Bremer, 2004; Ramirez et al., 2007). Vanilloid orchids, in turn,
are at least 62 million years old. Molecular clocks can only provide minimum ages,
so these plants are probably even older. Critical to this approach is the use of a cali-
bration point for the “clock,” which, in the case of Orchidaceae, has been provided
by a 15-20-million-year-old fossil specimen of orchid pollen attached to an extinct
bee preserved in amber (Ramirez et al., 2007).

SUBFAMILY VANILLOIDEAE AMONG ORCHIDS

As mentioned already, the vanilloid orchids, Vanilloideae, have been recognized as
a subfamily of Orchidaceae only in the past decade, as DNA data have been used to
reevaluate relationships among all orchids. Cameron (2007) has provided a detailed
review of this DNA-driven revolution in orchid taxonomy from 1997 to 2007. The
current systems of orchid classification (e.g., Chase et al., 2003) divide Orchidaceae
into five subfamilies. The largest, with approximately 650 genera and 18,000 spe-
cies, is Epidendroideae, which is dominated by tropical epiphytes and those orchids
most highly prized as ornamentals. Orchidoideae, the second largest subfamily, is
made up almost exclusively of terrestrial species classified within approximately 200
genera. Both subfamilies are characterized by monandrous flowers (meaning they
have only one anther). All species within the subfamily Vanilloideae also possess
flowers with just a single fertile anther, but this condition is considered to have
evolved independently from Orchidoideae and Epidendroideae, and is the result of a
unique mode of floral development (Freudenstein et al., 2002). In other words, the
reduction in stamen/anther number from several (probably from six down to three
and eventually down to one) occurred at least two times within Orchidaceae. Through
the process of evolution, orchid flowers are thought to have undergone significant
structural modifications resulting in flowers with pronounced bilateral symmetry,
loss of stamens, and fusion of the remaining stamen(s) with the pistil to form a cen-
tral column. A clue to explain the beginnings of this hypothetical evolutionary con-
tinuum can be found today by examining living members of the fourth orchid
subfamily, Apostasioideae, which contains two genera: Neuwiedia and Apostasia.
Species of Neuwiedia are triandrous, possessing flowers with three fertile anthers.
These are only partially fused with the base of the pistil, and the perianth of the
flower is only slightly bilateral in symmetry. Apostasioid orchids in many ways may
be viewed as the most “primitive” of all orchids in that they show the least number of
modifications from the basic blueprint of a hypothetical pre-orchid monocot ancestor.
Diandrous flowers (i.e., with two fertile anthers) define the fifth orchid subfamily,
Cypripedioideae. This group of about 120 species is commonly called “lady’s slipper
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orchids.” In terms of relative size, Cypripedioideae is more diverse than Apostasio-
ideae (15 species), but less diverse than Vanilloideae (200 species), which will be
considered further below.

Before they were classified as their own subfamily of Orchidaceae, most of the
vanilloid orchids were considered to be primitive members of the monandrous sub-
family Epidendroideae, but somewhat unconvincingly so. In fact, Dressler’s (1993)
pre-molecular system of orchid classification listed many of the vanilloid orchids
under the category insertae sedis (meaning “of uncertain status”). At one time, it was
even suggested that they might be best treated as a separate family all their own,
Vanillaceae, closely related to, but separate from, Orchidaceae (Lindley, 1835). Why
the uncertainty? A mix of what are assumed to be both primitive and advanced floral
features among vanilloid orchids can be claimed to be the source of greatest confu-
sion. Their precise position among orchids was eventually laid to rest using compari-
sons of DNA sequence information, and among the most unexpected results of the
first molecular phylogenetic studies of orchids was the relocation of vanilla and its
relatives from a position among the other orchids with a single fertile anther to a
placement near the base of the orchid family tree (Cameron et al., 1999). Recognition
of Vanilloideae as a monophyletic subfamily helped in solving one of the more
perplexing enigmas of orchid systematics.

SPECIES DIVERSITY WITHIN VANILLA

Within Vanilloideae are no fewer than 15 genera, but Vanilla is the most diverse of
these. There is yet to be published a formal monograph of the genus, but there does
exist a taxonomic treatment of Vanilla that considered all the species known at the
time. Unfortunately, this treatment was written more than 50 years ago (Porteres,
1954).

Very recently, a taxonomic synopsis for Vanilla was published posthumously
based upon the work of the late Mexican botanist Miguel A. Soto Arenas (Soto
Arenas and Cribb, 2010). Within this important preliminary work are presented keys
to the species, information about geographic distribution, and lists of select speci-
mens. It serves as a significant step toward updating the systematic treatment of the
genus. The 15 Mexican and Central American species were treated more completely
in a posthumously published work by Soto Arenas and Dressler (2010). Within this
paper one will find detailed descriptions, illustrations, and information on the molec-
ular characterization of the Mesoamerican species.

The current worldwide checklist of all orchid species today recognizes 110 spe-
cies of Vanilla (Govaerts et al., 2008). Most of these (61 species) are Neotropical
natives of South America, Central America, Caribbean islands, and southern Florida.
Africa claims 23 native species, with at least five of these restricted to Madagascar.
The remaining species of Vanilla are found on the Indian subcontinent and through-
out tropical Southeast Asia. No species of Vanilla are native to Australia. Likewise,
Polynesia and other oceanic islands of the Pacific lack native species of Vanilla.
This is perplexing to some since “Tahitian Vanilla” is cultivated throughout the
Pacific, and its scientific name, Vanilla tahitensis, implies that it is indigenous to the
French Polynesian island of Tahiti. What was described more than 75 years ago
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(Moore, 1933) as a new “species” of Vanilla, however, has been proven recently by
Lubinsky et al. (2008) to be nothing more than a primary hybrid between Neotropical
V. planifolia (the maternal parent) and V. odorata (the paternal parent).

In terms of classification of species within the genus Vanilla, these were formally
placed into one of two possible sections by Rolfe (1896). The first, Vanilla section
Aphyllae, was erected to accommodate all of the leafless species in the genus
(e.g., V. aphylla, V. barbellata, V. roscheri, and others). Species within this section
grow on the African mainland, Madagascar, Southeast Asia, and also on islands in
the Caribbean. Although some of these species produce fleshy fruits, there is no
evidence that any of them are aromatic. Rolfe’s classification of these species together
implies that they share a recent common ancestor, but molecular studies have dem-
onstrated that this is not the case (Cameron, 2005). Instead, there appears to be at
least three independent cases of probably leaf loss in Vanilla—once in Africa, once
in the Caribbean, and at least once in Asia. The section, therefore, is not monophyl-
etic, but an artificial grouping of species with shared vegetative morphology derived
by convergent evolution. According to modern rules of natural classification, it
should not be recognized formally.

For the remaining species not classified in Vanilla section Aphyllae, Rolfe created
section Foliosae. As the name indicates, all of these are leafy. This is a large group
of species, and so Portéres (1954) further divided the section into subsections.
Vanilla section Foliosae subsection Membranaceae is a small cluster of species
characterized by thin stems, thin leaves, short aerial roots, and flowers in which the
labellum is not fused with the column. The labellum also lacks the complex bristles,
hairs, and scales characteristic of other Vanilla species, and the fruits tend to dry on
the vines and split lengthwise. Vanilla mexicana exemplifies this section, and
molecular systematic studies have demonstrated that the group is the most primitive
of all Vanilla species. These plants are very difficult to cultivate, probably because
they have close relationships with mycorrhizal fungi, and there is no evidence that
the fruits produce aromatic vanillin.

The other remaining species of the genus, including V. planifolia and V. pompona,
were classified into either Vanilla section Foliosae subsection Lamellosae or subsec-
tion Papillosae. The former group is so named because species within this section
are characterized by flowers with flattened scale-like appendages (lamellae), hairs,
bristles, and complex ornamentation on their labella, which is always fused to the
column along its margins to form a floral tube. The latter subsection was proposed
for those species characterized by fleshy leaves and flowers usually with thick
trichomes positioned in the center of the labellum, but without lamellate scales.
Species within this leafy section are pantropical in distribution, but recent molecular
systematic studies have demonstrated that this group is also artificial. Instead, spe-
cies of Vanilla cluster primarily by geographic origin, as can be seen in Figure 1.3.
Specifically, all Old World species (from the African and Asian Paleotropics) share
a common ancestor together with the leafless New World species. These were prob-
ably dispersed from Africa to the Caribbean at some point in the past. All remaining
Neotropical species, including V. planifolia, share a different common ancestor. It is
within this group that aromatic fruits producing significant levels of vanillin are
found. As such, the group has informally been named the “Neotropical, fragrant,
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FIGURE 1.3 Phylogenetic relationships among select species of Vanilla. The cladogram is
based on molecular sequence data from different genes including nuclear ribosomal ITS,
plastid rbcL, matK, rpoC1, and others. The hybrid origin of V. tahitensis from a cross between
V. odorata and V. planifolia is highlighted by the dashed lines. Informal clades and subclades
are labeled on the branch representing the common ancestor of each major species group.

leafy species.” Note that molecular studies position V. tahitensis inside this group of
Neotropical relatives, thereby confirming the hybrid origin of Old World Tahitian
Vanilla, many individuals of which are tetraploid, from New World parents.

In their recent synopsis of the genus, Soto Arenas and Cribb (2010) classify 106
species and offered a new infrageneric classification of Vanilla based primarily on
molecular phylogenetic reconstructions. The species with membranaceous leaves
are classified as Vanilla subgenus Vanilla, which contains two informal “groups.” A
second subgenus, Vanilla subgen. Xanatha was created for the remainder of the
species. The name is based on the Mexican Totonac Indian name for Vanilla,
“xanath.” This subgenus is further divided into a pair of sections: Xanatha and
Tethya. The former corresponds to mostly leafy neotropical species and is divided
into six informal groups (e.g., the V. palmarum group and V. pompona group). The
latter is almost entirely paleotropical in distribution, except that it also includes the
Caribbean leafless species. Those taxa are clustered into an informal unit (the
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V. barbellata group), along with 11 other groups that are included within the section
(e.g., the V. phalaenopsis group and V. africana group).

GENUS DIVERSITY WITHIN VANILLOIDEAE: TRIBE VANILLEAE

Having examined higher-level relationships among subfamilies of Orchidaceae, and
lower-level relationships among species within Vanilla, let us now consider relation-
ships among the genera of Vanilloideae. Examples of these genera are shown in
Figure 1.4. The subfamily is divided into two tribes, the first of which is Vanilleae.
In addition to Vanilla itself, this tribe contains eight other tropical genera. Two of
these, Eriaxis and Clematepistephium, are endemic to the isolated Pacific island of
New Caledonia. Both genera are monotypic, meaning that they contain only a single
species each. An unusual aspect of one of these two species is that Clematepistphium
smilacifolium grows in the dense shade of the New Caledonian rainforests as a
climbing vine. Unlike species of Vanilla, however, Clematepistphium vines produce
no aerial roots. Instead they climb by twisting around the trunks of small trees. Its
large, leathery leaves exhibit prominent venation patterns that are reticulate (net-like)
rather than exclusively parallel as we see in most orchids and other monocotyledons
(Cameron and Dickison, 1998).

The two New Caledonian endemics described above were once classified as
species of the genus Epistephium, but that genus of 20 species is now considered to
be exclusively South American in distribution. Most of these species are erect herbs
native to open savanna habitats, and they are most commonly found in nutrient-poor
areas of Brazil and Venezuela. Some have been described as scrambling loosely
through surrounding vegetation, but none are true climbers. The leaves of Epistephium
exhibit reticulate venation like their New Caledonian relatives, and the stunning
flowers are mostly dark pink or violet. Like most vanilloid orchids, however, they are
almost impossible to cultivate. The fruits of these orchids are capsules that dehisce
to release distinctive seeds with circular wings, a feature in Orchidaceae found only
among Vanilloideae (Cameron and Chase, 1998).

Winged seeds are also found in three other genera of vanilloid orchids:
Pseudovanilla, Erythrorchis, and Galeola. These are all closely related, and are
native to Southeast Asia, Northeast Australia, and a few Pacific islands. All three of
these genera are leafless climbing vines, two of which (Erythrorchis and Galeola)
completely lack chlorophyll. These nonphotosynthetic genera are exclusively para-
sitic on fungi, a lifestyle technically known as mycoheterotrophy. The leafless genus
Pseudovanilla is similar to the other two in most aspects, but does eventually develop
green pigment within its stems even if it may persist in a presumably nonphotosyn-
thetic state during the juvenile stages of its life cycle. Recent studies have shown that
these orchids are the closest living relatives of vanilla (Cameron and Molina, 2006).
They climb by means of aerial roots produced at each node of the stem, just like
vanilla, and their flowers are remarkably similar to those of Vanilla species. Their
fruits, however, are designed to accommodate the winged seeds within and so are
dry, dehiscent, and nonaromatic at maturity.

There are two other genera of Vanilloideae that grow as nonphotosynthetic
mycoheterotrophs: Cyrtosia and Lecanorchis. Both grow as erect herbs within
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FIGURE 1.4 (See color insert following page 136.) Representative genera of subfamily
Vanilloideae, the “vanilloid orchids.” (a) Pogonia ophioglossoides from the United States;
(b) Pseudovanilla foliata from Queensland, Australia; (c) Epistephium elatum from Ecuador;
(d) Erythrorchis cassythoides from New South Wales, Australia; (e) Clematepistephium
smilacifolium vine and leaf with reticulate venation from New Caledonia; and (f) Eriaxis
rigida from New Caledonia.
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forested areas of southeast Asia, and both share a number of floral features with
Vanilla, which has made them difficult to be classified within the subfamily. For
example, the fruits of Cyrtosia are like those of Vanilla in being fleshy and contain
small, black, spherical, crustose seeds, but are typically bright red to attract bird or
mammal dispersers (Nakamura and Hamada, 1978). The small flowers of Lecanorchis
are similar in structure to many species of Vanilla in that the labellum is fused with
the column along its margins to produce a floral tube. Also, like many species of
Vanilla, the labellum of Lecanorchis is ornamented with characteristic bristles and
hairs, but Lecanorchis fruits are dry capsules lacking odor and containing numerous
dust-like seeds with long slender appendages. Further study of the natural history of
all these genera is warranted.

GENUS DIVERSITY WITHIN VANILLOIDEAE: TRIBE POGONIEAE

The second tribe within subfamily Vanilloideae is Pogonieae, which contains tropi-
cal members but also half a dozen temperate species as well. The tribe is divided into
four or possibly five genera. Pogonia is one of the temperate genera, and is unusual
in that its species are in disjunction between eastern North America (one species,
P. ophioglossoides) and eastern Asia (3—5 species). These plants are found most
commonly in acidic bogs, around the edges of lakes, and within wet savannas. Also
native to North America, specifically the eastern United States, is the genus Isotria.
There are two species in the genus, both of which are characteristic among orchids
for having leaves arranged into a whorl of five or six. These plants are spring ephem-
erals that emerge and reproduce quickly within their deciduous forest habitat before
the tree canopy closes fully during the summer months. One other genus, Cleistes,
has members in temperate North America, and this is the genus Cleistes. Most spe-
cies of this genus (>30 species) are native to tropical South America where they are
most commonly found in open savannas that experience seasonal periods of drought.
They are equipped with underground tubers that presumably allow them to survive
by entering an annual state of dormancy. However, one species of this genus, Cleistes
divaricata, is native to the southeastern United States. Detailed systematic studies of
Pogonieae and vanilloid orchids indicate that this species might be better treated as
a separate genus (Cameron and Chase, 1999). The final genus of Pogonieae is
Duckeella, which contains one or possibly two species indigenous to Venezuela and
northern Brazil. The genus produces long linear leaves and bright yellow flowers that
rise above wet grassland and savanna habitats. It may occasionally be found rooted
in mats of floating vegetation.

FINAL THOUGHTS

The vanilloid orchids are a tremendously diverse group of flowering plants. Whereas
the greatest amount of research has been focused on V. planifolia, it is important to
realize and to appreciate that this is only one species of a lineage that has become
adapted to a variety of habitats, lives in greater or lesser partnerships with fungi,
exhibits a variety of growth habits, relies on different pollinators, and develops flow-
ers of diverse form (see Figure 1.5). In other words, V. planifolia may be the only
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FIGURE 1.5 (See color insert following page 136.) Representative species of Vanilla.
(a) Vanilla phaeantha; (b) Vanilla kinabaluensis; (c) Vanilla aphylla; (d) Vanilla mexicana;
(e) Vanilla mexicana in fruit with seeds that are visible; and (f) Vanilla odorata.
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orchid species of significant agricultural value (out of more than 25,000 naturally
occurring species), but it is not entirely unique in the family. Rather, it is just one of
approximately 110 species in the genus Vanilla, all of which are similar to and yet
different from one another. Furthermore, Vanilla is only one genus out of 15 genera
that are classified within the orchid subfamily Vanilloideae (the “vanilloid orchids”),
and some of these are remarkable like vanilla in terms of their growth patterns, floral
structure, and fruit dispersal mechanisms. Unfortunately, these orchids are generally
overlooked by biologists and those in the vanilla industry, who know only of V.
planifolia. Many of the genera and species discussed in this chapter are rare and in
great danger of extinction primarily due to habitat destruction. By further appreciat-
ing and studying their diversity, there is offered a hope of their survival and evolution
for another 70 million years.
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INTRODUCTION

The diversity of the genus Vanilla Plumier ex Miller appears complex at many levels.
First, its taxonomy is confused and species delimitation is unclear. Second, at the
intraspecific level, genetic diversity is often not correlated with phenotypic diversity.
At the moment, a considerable amount of data is available, providing new insights on
the possible evolutionary processes responsible for the evolution and diversification
of the genus. These processes are detailed and their implication for vanilla conserva-
tion and improvement are discussed.

A CoNruseD TAXONOMY

Vanilla is an ancient genus within the Orchidaceae family, the Vanilloidae subfamily,
Vanilleae tribe, and Vanillinae subtribe, as demonstrated by recent molecular phylo-
genetic studies (Bory et al., 2008c; Cameron, 2004, 2005; see Chapter 1). Vanilla
species are naturally distributed throughout America, Africa, and Asia-Oceania
between the 27th north and south parallels (Porteres, 1954). Porteres (1954) described
110 species in the genus Vanilla, a number that reduced to 90 (Cameron and Chase,
1999) and to 107 (Soto Arenas, 2003). New species have also been added, such as the
seven additional American species proposed (Soto Arenas, 1999, 2006, 2010) or
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V. shenzenica recently described in China (Liu et al., 2007). Altogether, there are
more than 200 Vanilla species described to date but numerous synonymies remain
(Bory et al., 2008c). Taxonomic classification is based on morphological variations
(Porteres, 1954) and such vegetative and floral characters are strongly influenced by
the environment. In particular, vegetative traits (leaves, stems) display considerable
variations at the intraspecific level making taxonomic identification difficult (Figure
2.1). This is exemplified by the lack of reliable herbarium vouchers and often the
nonavailability of flowers (see Chapter 4). Taxonomy of Vanilla will therefore greatly
benefit from the development of molecular phylogenetics, which already showed that
the sections and subsections used in the taxonomic description of species by Porteres
do not have a phylogenetic value (Bouetard, 2007; Soto Arenas, 2003). As such,
based on cladistic analysis of morphological and molecular data, a new infrageneric
classification of Vanilla was recently proposed (Soto Arenas and Cribb, 2010) for 106
species examined, dividing genus Vanilla in two sub-genera: Vanilla and Xanata
(further divided into sect. Xanata and Tethya). New keys for 15 Mexican and Central
American species (Soto Arenas and Dressler, 2010) and more largely for the infrage-
neric taxonomic identification within Vanilla are also proposed (Soto Arenas and
Cribb, 2010). This recent work represents a crucial and major step towards a com-
plete taxonomic revision of the genus.

INTRASPECIFIC DIVERSITY

The aromatic species Vanilla planifolia G. Jackson, syn. V. fragrans (Salisb.) Ames,
the main source of commercial vanilla, was disseminated from its area of origin
(Mexico) following the discovery of the Americas by Christopher Columbus.
Plantations were easily established by cuttings but pod production was unsuccessful
in the absence of natural pollinators in the areas of introduction. In 1841, a simple
method to hand-pollinate vanilla was discovered by Edmond Albius, a slave, in
Reunion Island, and vanilla cuttings rapidly spread from Reunion Island to the Indian
Ocean area and worldwide (Bory et al., 2008c; Kahane et al., 2008; see Chapter 17).
As a consequence of this dissemination history, extremely low levels of genetic diver-
sity are observed in vanilla plantations worldwide as shown by recent molecular
genetic studies (Besse et al., 2004; Bory et al., 2008b, 2008d; Lubinsky et al., 2008a;
Minoo et al., 2007; Sreedhar et al., 2007) suggesting a single clonal origin for the
vanilla crop. This clone could correspond to the lectotype that was introduced, early
in the nineteenth century, by the Marquis of Blandford into the collection of Charles
Greville at Paddington (Porteres, 1954). Cuttings were sent to the botanical gardens
of Paris (France) and Antwerp (Belgium) from where these specimens were dissemi-
nated worldwide (Bory et al., 2008c; Kahane et al., 2008). It is thus surprising to
observe an important morphological diversity in V. planifolia in the areas of introduc-
tion such as Reunion Island (Bory et al., 2008b, 2008c, 2008d) for a crop with a clonal
origin and vegetatively propagated by cuttings.

All these observations raise important questions regarding the processes that
might be involved in the evolution and diversification of vanilla. Some of the key
processes that have been identified so far and the explanations that these can provide
for the genetic and taxonomic complexity observed in Vanilla are discussed.
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FIGURE 2.1 Morphological vegetative traits in Vanilla species from the CIRAD collection
in Reunion Island (see Chapter 3): (a) typical leaf specimen for some species; (b) principal
component analysis of vegetative traits (leaf and stem) measured in different species showing
the importance of intraspecific variations leading to overlapping of species.
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VEGETATIVE VERSUS SEXUAL REPRODUCTION

For most Vanilla species, vegetative growth occurring naturally from stem cuttings
(Porteres, 1954) is the predominant reproductive mode, and appears as an efficient
strategy adopted by the plant to develop settlements (Figure 2.2). Stems running on
the ground are frequently observed, giving new roots and creating new individuals
when the stem is cut, as reported for species such as V. bahiana Hoehne (Pignal,
1994) and V. chamissonis Klotzsch (Macedo Reis, 2000) in Brazil, V. barbellata
Reichenbach f., V. claviculata (W. Wright) Swartz and V. dilloniana Correll (Nielsen
and Siegismund, 1999) in Puerto Rico or V. madagascariensis Rolfe in Madagascar
(P. Besse, pers. obs.). In Mexico, with reference to V. planifolia, in natural condi-
tions, the same individual can cover up to 0.2 ha (Soto Arenas, 1999).

In Vanilla species, a rostellum membrane separates the female and male parts
of the flower, and pollination therefore depends on the intervention of external
pollinators. A notable exception is the species V. palmarum (Salzm. ex Lindl.)
Lindl., which spontaneously self-pollinates (Bory et al., 2008c; Soto Arenas, 2006).
Consequent, due to the need for pollinators, sexual reproduction is rarely observed
in natural conditions. For V. planifolia, rates of 1% to 1%o are reported (Bory et al.,
2008c; Soto Arenas, 1999) with possible natural pollinators in America being orchid
bees from the Euglossa and perhaps from the Eulaema genera (Lubinsky et al.,
2006; Soto Arenas, 2006). Sexual reproduction rates reported for the species
V. chamissonis (6% autogamy and 15% allogamy) are also relatively low (Macedo
Reis, 2000).

FIGURE 2.2 Typical vegetative growth observed in Vanilla species. Left: V. madagascariensis
in Madagascar. Right: V. pompona in Guadeloupe. (Courtesy of P. Besse.)
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However, even rare sexual reproduction events can generate an important genetic
diversification because a single sexual reproduction event is able to generate numer-
ous genotypes that can vegetatively propagate rapidly. Heterozygosity observed in
V. planifolia was reported to be 0—0.078 using isozymes (Soto Arenas, 1999), 0.154
using SSR markers (Bory et al., 2008b) and 0.293 using AFLPs (Bory et al., 2008d).
Given these heterozygosity levels, even selfing can generate genetic diversity, as
demonstrated through manual self-pollination experiments (Bory et al., 2008d) lead-
ing to increased diversity estimates (D,,,, from 0.106 to 0.140) through novel allelic
combinations (Figure 2.3). This is well illustrated in the case of V. planifolia in areas
of introduction, where natural pollinators are absent. In these areas, such as in
Reunion Island, traditional cultivation practices involve vine propagation by cut-
tings, and manual self-pollination to produce pods. This resulted in the appearance
of novel vanilla varieties such as the “Aiguille” type observed in Reunion Island,
which most likely resulted from accidental seed germination in the field from a for-
gotten pod, and subsequent vegetative propagation of the individual (Bory et al.,
2008d) (Figure 2.3). Such a novel type can rapidly spread in plantations given the
vegetative propagation used to multiply vines. This must also happen in the wild. A
combination of sexual and vegetative reproduction, where one creates diversity and
the other helps settlement, has already been suggested for the species V. pompona
Schiede and V. bahiana in tropical America based on AFLP patterns (Bory et al.,
2008d). Sexual reproduction is therefore a key evolutionary process for most species
of the genus despite its low rates and because of their major vegetative reproduction.
A few species of Vanilla appear to rely solely on sexual reproduction for propagation.
This is the case for V. palmarum, which is entirely epiphytic on a palm tree with a
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FIGURE 2.3 Factorial analysis from AFLP markers on different American Vanilla species
illustrating the increased diversity for V. planifolia selfed progenies.
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short lifecycle (Pignal, 1994) and for V. mexicana Mill. (syn V. inodora Shiede) in
which even artificial vegetative propagation is unsuccessful (P. Feldmann, pers.
com.) (Figure 2.4).

INTERSPECIFIC HYBRIDIZATION

The main factors preventing interspecific hybridization in the Orchidaceae family are
pre-pollination mechanisms such as pollinator specificity, flowering phenologies, or
mechanical barriers in flowers (Dressler, 1981; Gill, 1989; Grant, 1994; Paulus and
Gack, 1990; Van Der Pijl and Dodson, 1966). On the contrary, genetic incompatibility
between closely related species is rarely observed (Dressler, 1993; Johansen, 1990;
Sanford, 1964, 1967). This is also the case for Vanilla. Indeed, most interspecific
artificial crosses attempted to date in Vanilla have been successful showing the lack
of genetic incompatibility between the species involved. Interspecific hybrids were
successfully obtained between closely related American species (V. planifolia x
V. tahitensis JW. Moore—accession Hy0003 in Figures 2.1 and 2.3, V. planifolia x
V. pompona) in breeding programs in Madagascar (Bory et al., 2008c), and even
between distantly related species such as the Indian V. aphylla Blume and the American
V. planifolia in breeding programs in India (Minoo et al., 2000).

FIGURE 2.4 Exclusive sexually reproducing species. Left: V. palmarum in the CIRAD
collection. Fruits were spontaneously obtained in an insect proof quarantine glasshouse.
(Courtesy of M. Grisoni.) Right: V. mexicana in Guadeloupe. (Courtesy of P. Besse and
P. Feldmann.)
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Thereisa growing evidence for the occurrence of natural interspecific hybridization
in Vanilla. A study on three native species of Vanilla, V. claviculata, V. barbellata,
and V. dilloniana in the western part of the island of Puerto Rico, showed the
possibility of interspecific hybridization between V. claviculata and V. barbellata in
sympatric areas (Nielsen, 2000; Nielsen and Siegismund, 1999). This was demon-
strated by using isozyme markers, and floral morphological observations confirmed
the hybrid status of sympatric populations. On the other hand, V. dilloniana, show-
ing a different phenology, did not hybridize with the other two species. Recent work
using AFLP and SSR markers also suggested the possibility of interspecific hybrid
formation in tropical America, involving species such as V. bahiana, V. planifolia,
or V. pompona (Bory, 2007; Bory et al., 2008d) (Figure 2.5). The species V. tahit-
ensis was also recently shown using nuclear ITS and cp DNA sequences to result
from intentional or inadvertent hybridization between the species V. planifolia and

(b)

(b)

(a) 2 '

FIGURE 2.5 Flowers, fruits, and leaves from accession CR0068 (a) from Costa Rica, puta-
tively identified as a hybrid species derived from a maternal V. planifolia donor species (b)
based on AFLP, SSR, and cp DNA markers data. (Courtesy of M. Grisoni.)
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V. odorata C. Presl that could have happened during the Late Postclassic (1350—
1500) in Mesoamerica (Lubinsky et al., 2008b).

POLYPLOIDIZATION

We recently demonstrated the occurrence of recent polyploidization events (in less
than 200 years as V. planifolia was introduced in 1822) in Reunion Island (Bory et al.,
2008a). Congruent evidences (AFLP markers, genome size, chromosome counts, and
stomatal length) showed the formation of auto-triploid self-sterile types (“Stérile”), as
well as auto-tetraploid types (“Grosse Vanille”), with genome sizes of 2C =7.5 and
10 pg, respectively, as opposed to 5 pg for conventional “Classique” varieties (Bory
et al., 2008a) (Table 2.1). The most likely formation of these types was suggested to be
through manual self-pollination accompanied by the formation of unreduced 2n
gametes (Bretagnolle and Thompson, 1995), seed germination from a forgotten pod,
followed by vegetative multiplication of the individuals (Bory et al., 2008a) (Figure
2.6). Polyploidy was also reported for the cultivated species of V. tahitensis in Polynesia
with the existence of diploid and tetraploid (i.e., “Haapape”) types (Duval et al., 2006;
see Chapter 13) and this species might have resulted from both polyploidy and sexual
regeneration following its V. planifolia X V. odorata origin (Lubinsky et al., 2008b).

Polyploidization could therefore be a major phenomenon in the evolution of
Vanilla. In order to put this hypothesis to test, we conducted a preliminary survey on
genome size variation in different Vanilla species. Thirty-eight accessions were ana-
lyzed by flow cytometry according to the protocol detailed by Bory et al. (2008a) using
wheat as an internal standard: Triticum aestivum L. cv. Chinese Spring, 2C =30.9 pg,
43.7% GC (Marie and Brown, 1993). These accessions belong to 17 different Vanilla
species and also included 3 artificial hybrids (V. planifolia X V. planifolia, V. planifo-
lia X V. tahitensis, V. planifolia X V. phaeantha Rchb. f.). The entire leaf samples
were collected from vines maintained in the Vanilla genetic resources collection of
CIRAD in Reunion Island (see Chapter 3 and Grisoni et al., 2007). Details for each
accession (species, putative continent of origin, place of sampling, and genome size)
are presented in Table 2.1. For each species, fluorescence histograms revealed five
endoreplicated peaks and the marginal replication ratio was still irregular (from 1.5 to
1.8 instead of 2), as encountered in V. planifolia (Bory et al., 2008a).

2C nuclear DNA content varied from 4.72 (£0.05) pg (V. tahitensis) to 12.00
(#0.11) pg (V. phalaenopsis Reichb. f. ex Van Houtte) for 34 wild accessions. One
accession CR0067 (Vanilla sp.) had an extreme value at 22.31 pg (one measure with
wheat standard) (Table 2.1), which was confirmed by using another standard (pea,
data not shown). Intra-accession variation coefficients did not exceed 5%.

These results indicate that genome size variations exist in Vanilla, which could
suggest the occurrence of polyploid species, based on what was detected for V.
planifolia (Bory et al., 2008a). In particular, African accessions displayed bigger
genome sizes than American accessions, with 2C DNA content ranging from 6.93
to 22.31 pg and 4.72 to 9.23 pg, respectively. African species may, therefore, have
been subjected to more dramatic genomic rearrangements and polyploidization
events than their American or Asian counterparts. Finally, as it was observed in
V. planifolia in Reunion Island (Bory et al., 2008a), intraspecific genome size
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TABLE 2.1
Accession Code from the Vanilla Genetic Resources Collection
of CIRAD Reunion Island
Accession Mean 2C pg
Code Species Origin? Place of Sampling (£s.d.)
Group A® V. planifolia “Classique” America Reunion Island 5.03 (£0.16)
Group B® V. planifolia “Stérile” America Reunion Island 7.67 (£0.14)
Group C? V. planifolia “Grosse America Reunion Island 10.00 (+0.28)
Vanille”
CR0O056 V. planifolia x N/A Artificial hybrid 4.48 (£0.10)
V. phaeantha
CR0747 V. planifolia x N/A Artificial hybrid 5.24 (£0.12)
V. planifolia
CR0003 V. planifolia x N/A Artificial hybrid 10.12 (£0.10)
V. tahitensis
CR0062 V. bahiana America Unknown 6.70 (£0.32)
CR0072 V. bahiana America Brazil (Bahia) 6.60
CRO076 V. bahiana America Brazil (Bahia) 6.52
CRO085 V. bahiana America Brazil (Bahia) 7.28
CR0O097 V. bahiana America Brazil (Bahia) 7.09
CR0099 V. bahiana America Brazil (Bahia) 6.91
CR0O666 V. chamissonis America Brazil (Sao Paulo) 8.22 (£0.06)
CR0667 V. chamissonis America Brazil (Sao Paulo) 8.14 (£0.35)
CR0702 V. chamissonis America Unknown 7.47 (£0.03)
CRO0693 V. (cf.) grandifiora Lindl. America Guyana 9.23 (£0.25)
CRO109 V. leprieuri R. Porteres America French Guyana 7.74 (£0.02)
CRO0686 V. odorata America Unknown 4.95 (£0.12)
CRO0083 V. palmarum America Brazil (Bahia) 7.00 (£0.29)
CRO0O017 V. tahitensis America French Polynesia 4.72 (£0.05)
CR0063 V. tahitensis America Unknown 6.88 (£0.13)
CR0O069 V. trigonocarpa Hoehne America Brazil (Alagoinhas) 8.21 (£0.07)
CRO103 V. africana Lindl. Africa Africa 10.25 (£0.06)
CRO107 V. africana Africa Africa 10.22 (£0.18)
CR0696 V. crenulata Rolfe Africa Unknown 9.88 (1£0.34)
CRO0O091 V. crenulata Africa Africa 10.24 (£0.16)
CRO102 V. crenulata Africa Africa 9.79 (£0.37)
CRO106 V. crenulata Africa Africa 10.47 (£0.38)
CRO108 V. humblotii Rchb. f. Africa Comoros 11.81 (£0.09)
CRO104 V. imperialis Kraenzl. Africa Africa 6.93
CRO105 V. imperialis Africa Africa 10.14 (£0.34)
CR0796 V. imperialis Africa Unknown 7.18 (£0.00)
CRO797 V. imperialis Africa Unknown 7.06 (£0.24)
CRO141 V. madagascariensis Africa Madagascar 8.06
CRO142 V. madagascariensis Africa Madagascar 8.02

continued



24 Vanilla

TABLE 2.1 (continued)
Accession Code from the Vanilla Genetic Resources Collection
of CIRAD Reunion Island

Accession Mean 2C pg
Code Species Origin? Place of Sampling (£s.d.)
CRO146 V. phalaenopsis Africa Unknown 12.00 (20.11)
CRO0O067 Vanilla sp. Africa Central Africa 22.31
CRO058 V. albida Asia Unknown 5.90 (£0.16)
CR0793 V. albida Asia Thailand 5.15
CR0O059 V. albida Asia Unknown 8.65 (+0.08)
CRO145 V. aphylla Asia Thailand 9.81 (£0.03)

In the first three lines, are given results for V. planifolia according to the study of Bory et al. (2008a).
2 According to Porteres (1954).
> From the study of Bory et al. (2008a).

variations were revealed in some species (V. imperialis Kraenzl., V. albida Blume),
which may reflect the occurrence of different ploidy levels even within species.
These results need to be explored further by chromosome counts for each species,
but they already strongly suggest that polyploidy might be a major phenomenon in
the evolution of Vanilla.

CONCLUSIONS

There is, therefore, growing evidence that demonstrate the complexity of the pro-
cesses involved in the evolution and diversification of Vanilla. As for many species for
which vegetative reproduction is predominant, we observed phenotypic diversity at
the intraspecific level in V. planifolia, which was not congruent with the observed low
genetic diversity of this clonal crop. We demonstrated that this discrepancy was in
part due to the occurrence of rare sexual reproduction events, as well as to the occur-
rence of polyploidization in this species. Given that these variations have happened in
Reunion Island in less than 200 years; there is little doubt that such intraspecific vari-
ations exist in other species of the genus found in the wild, and might be responsible
for the difficulty to correctly identify species solely based on morphological observa-
tions. This is exacerbated by the occurrence of interspecific hybridizations in the
genus, which makes clear taxonomic designation is even more delicate.

Vanilla can therefore be considered as a TCG, a “Taxonomic Complex Group”
sensu Ennos et al. (Ennos et al., 2005). Indeed, it exhibits (1) a uniparental repro-
duction mode (vegetative reproduction), (2) interspecific hybridization in sympatric
areas, and (3) polyploidy. These mechanisms have profound effects on the organiza-
tion of the biological diversity and have been described as being responsible for the
difficulty to define discrete, stable and coherent taxa in such TCGs (Ennos et al.,
2005). TCGs are widespread in plants and uniparental reproduction can produce a
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FIGURE 2.6 Schematic representation of the possible formation of autotriploid and autotetra-
ploid V. planifolia types in Reunion Island.

complex mixture of sexual outcrossing and uniparental lineages that can be at dif-
ferent ploidy levels and the whole complex can be involved in reticulate evolution
generating novel uniparental lineages by hybridization (Ennos et al., 2005). This has
great implications on the way conservation programs should be conducted. In such
TCGs, as it is often not possible to classify biodiversity into discrete and unambi-
guous species, traditional species-based conservation programs are not appropriate.
As recommended, in situ conservation should focus on the evolutionary processes
that generate taxonomic diversity rather than on the poorly defined taxa resulting
from this evolution (Ennos et al., 2005). This includes concentrating on species that
might be widespread (and thus not concerned by classical conservation efforts) but
responsible for the generation of taxonomic diversity (through hybridization,
introgression, or polyploidization).

Therefore, not only the mechanisms described in this chapter provide a better
understanding of the Vanilla genus evolution, but they also are of major importance
with regard to future genetic resources management and conservation (Crandall
et al., 2000; Moritz, 2002).
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These mechanisms are also of major interest with regard to the future improve-
ment of V. planifolia. Interspecific hybridizations between V. planifolia and other
aromatic species have already proved successful. In Madagascar, the production of
V. planifolia X V. tahitensis hybrid variety “Manitra ampotony” led to an increased
vanillin content (6.7% vanillin versus 2.5% in V. planifolia) and the (V. planifolia
x V. pompona) X V. planifolia ““Tsy taitry” shows increased resistance to different
diseases (Dequaire, 1976; FOFIFA, 1990; Nany, 1996). In India, V. planifolia x
V. aphylla hybrids were produced to increase Fusarium resistance (Minoo et al.,
2006). At the intraspecific level, self-pollination could also be used to increase diver-
sity in this genetically uniform crop (Bory et al., 2008d; Minoo et al., 2000).
Furthermore, the agronomic characterization (vigor, resistance, vanillin production)
of autotetraploid types is currently being performed in Reunion Island as a first step
for testing for the potentialities of polyploidy breeding strategies in V. planifolia.

Unraveling the evolution and acquisition of traits of agronomic interest in the
genus will also be of major importance. These traits include fragrance of fruits,
which despite its considerable breeding interest has received limited attention par-
ticularly with regards to its evolution. Fragrant fruit species are almost exclusively
restricted to America (Soto Arenas, 2003), and this character could have been
selected as favoring fruit dispersion by bats (Soto Arenas, 1999) or sticky-seed dis-
persion by bees through fruit fragrance collection as observed in V. grandiflora
(Lubinsky et al., 2006). This matter was recently addressed by surveying intron
length variations in the COMT gene family (Besse et al., 2009), encoding key
enzymes in the phenylpropanoid pathway putatively involved in the biosynthesis of
vanillin. Further work is also needed to understand the evolution, mechanisms and
genetic determinism of spontaneous self-pollination in the genus (V. palmarum)—a
highly desirable character that would considerably reduce bean production costs.
Finally, elucidating how the aphyllous species of the genus have evolved and
differentiated might be of great interest in our understanding of adaptation to dry
conditions, given the predicted future of great climatic changes.
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IMPORTANCE OF PLANT GENETIC RESOURCES

Plant genetic resources are a major strategic challenge for all activities linked to
agriculture and the agro-food industry, especially in the present context of climate
change. Globally, since the 1950s, population increase and the development of inten-
sive agriculture have contributed to a reduction in the diversity of plant species.
Today, the protection of these resources is of vital importance in achieving sustain-
able food security for the populations.

From the 1970s, a number of initiatives were developed to safeguard the diversity
of cultivated species. During 1971, the initiation of the CGIAR (Consultative Group
on International Agricultural Research) provided an initial response to the problem
of the loss of genetic diversity for the major agricultural species. At present, 11 of the
15 CGIAR centers are responsible for maintaining international gene banks for the
preservation and dissemination of the plant genetic resources that provide the basis
of world food security (http://www.cgiar.org/index.html). More recently, initiatives
aimed at securing collections of genetic resources have been launched. These include
the creation of the OECD’s BRCs (Biological Resource Centres) or of the Global
Crop Diversity Trust (http:/www.croptrust.org/main/), that is behind operational
projects such as the Svalbard Global Seed Vault that currently conserves almost 660
different genera and 3300 species from all continents (http://www.croptrust.org/
main/arctic.php?itemid=211).

While the major agricultural species are covered by recognized conservation
systems, few large-scale initiatives have been taken to preserve underutilized and
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orphan species. However, to meet the challenges of the future, the study and protec-
tion of agricultural biodiversity must not be based solely on a limited number of
species, but must be envisaged from a broad, open perspective, presenting each spe-
cies as being interdependent on the others and a representative of its own specific
evolutionary process.

Today, a conservation program cannot be implemented without first defining the
objectives for the use of resources and for acquiring knowledge of intra- or inter-
species genetic diversity. Once the objectives have been established, questions
should be asked about the representativeness of genetic diversity (what should be
preserved and in what quantities?) and the cost of setting up and maintaining these
collections.

In situ collections consist of preserving species in their natural or human-modified
ecosystems, in other words, the place in which they developed their distinctive char-
acteristics. These collections mainly concern wild species and are often represented
by the national or regional parks that protect the ecosystems as a whole. While this
type of conservation represents the ideal model in that it maintains the selection
pressure of its environment, its effectiveness in terms of conservation often depends
on the degree to which local populations are involved in the management of the
region and its resources. Moreover, it provides no protection against climate or bio-
logical risks (pathogens, plant pests, or invasive species).

Ex situ collections consist of preserving genetic resources outside of their natural
habitat. This conservation method freezes the resources at the genetic level. The
degree of protection of resources and their independence in relation to the natural
environment is highly variable depending on the type of conservation. Whole plants
may be kept in the form of field collections, arboreta, in greenhouses, or in tissue
culture. Fragments of plants (meristems, embryos, tissues), which can be used to
regenerate a whole plant, may be preserved at very low temperature in liquid nitro-
gen. Seeds are commonly held in cold storage, under controlled humidity conditions.
Conserving pollen at low temperature means that a stock of haploid material that can
be maintained. By conserving as much diversity as possible at lower cost, DNA
banks can be used for intra- and interspecies genetic studies. Within ex situ collec-
tions, a distinction can be made between safeguarding and active or working collec-
tions, which give rise to specific activities that involve the resources stored, such as
genetic diversity studies and plant breeding research.

These ex situ conservation methods are, nevertheless, reliant on human activity
and on the smooth functioning of the conservation facilities and structures.

Finally, herbaria (see Chapter 4)—the first method for conserving plant species
(sixteenth century)—and spirit collections are essential, especially for conducting
taxonomic studies.

Although the economic cost of maintaining collections is linked to the number of
accessions conserved, the issue of the number of individuals that represent diversity
and ensure the security of the accession is crucial. The principle of the “core collec-
tion” may provide a response. Noirot et al. (1996) developed a method for creating a
core collection based on quantitative data. This method (Principal Component
Scoring) aims to include the maximum diversity from the base collection in a sample
of minimum size, while avoiding redundancies.



Conservation and Movement of Vanilla Germplasm 33

For plant genetic resources, each conservation system has its advantages and dis-
advantages and often only a combination of these different systems will make it
possible to optimize and to secure the conservation of resources.

In addition to the quantitative aspect (the number of species and accessions
conserved), the quality of data and research programs linked to resources is now a
key element in justifying the material and human investments. The value and accu-
racy of these data also contribute to the development of resources.

THE CASE OF VANILLA

The genus Vanilla, which belongs to the Orchid family, includes 90-100 species
depending on the author (Bory et al., 2008c). Most of these species are wild; only
two of them, V. planifolia and V. tahitensis, are grown to produce commercial vanilla,
with V. planifolia providing 95% of the world production. The taxonomy of vanilla
is very old (Porteres, 1954; Rolfe, 1896), incomplete, and still imprecise (see
Chapter 1). It must therefore be thoroughly revised, especially in light of the findings
of recent molecular genetics and cytogenetics research (Bory et al., 2008a, 2008b;
Cameron, 2003, 2009; Schluter et al., 2007; Soto Arenas, 2003; Verma et al., 2009).
For example, several recent research studies on the origin of V. tahitensis suggest
that this species is the result of cross-breeding between V. planifolia and V. odorata
(Besse et al., 2004; Bory et al., 2008d; Lubinsky et al., 2008b).

The species of the genus Vanilla are mainly found in natural habitats in tropical
and subtropical regions of the American, African, and Asian continents. Most are
threatened by the destruction of their original habitats, which is accentuated by
climate change. The species V. planifolia is particularly endangered, as the primary
gene pool in its region of origin (southern Mexico) is subject to considerable pressure
linked to deforestation and the overexploitation of natural resources (Soto Arenas,
1999). In secondary diversification zones such as the islands of the Indian Ocean,
and especially Réunion—the point of entry for the species into this region in the
nineteenth century—there is considerable intraspecies homogeneity, indicating that
cultivation may rely on a very restricted genetic base, which probably developed
from one single individual through vegetative reproduction. Molecular studies have
confirmed the very low level of genetic diversity in the vanilla plants cultivated
throughout the world (V. planifolia) (Bory et al., 2008d; Lubinsky et al., 2008a;
Minoo et al., 2008a). The vegetative reproduction process, which is predominant for
the species of vanilla grown, does not make it possible to maintain and extend the
gene pool. Nevertheless, an interesting phenotypic diversity is observed, which may
be explained by the accumulation of somatic mutations, by the possibility of natural
seed germination in the case of sexual reproduction, but also by the variable ploidy
level that can be found in cultivated vanilla species (see Chapter 2). However, due to
varietal homogeneity, vanilla cultivation is particularly vulnerable to environmental
hazards, such as climate change and the emergence of plant pests.

The secondary gene pool of vanilla includes some 100 species that have diversi-
fied in America, Africa, and Asia. These species have individual properties that may
be of particular interest for the genetic improvement of cultivated vanilla, such as
autofertility, resistance to disease (fusariosis, viruses), the capacity to bear a large
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amount of fruit, a lower dependence on the photoperiod for the induction of flower-
ing, a higher vanillin content, the presence of other aromatic or medicinal metabo-
lites, and resistance to drought. The establishment of gene banks, in the form of
collections, is thus extremely urgent for vanilla in order to safeguard the endangered
endemic and patrimonial genetic resources (Grisoni et al., 2007; Lubinsky et al.,
2008a; Pandey et al., 2008; Soto Arenas, 2006). Their interesting characteristics
could thus be used in genetic crop improvement programs, as has begun in India
(Minoo et al., 2006, 2008b; Muthuramalingam et al., 2004).

OVERVIEW OF THE CONSERVATION OF
VANILLA GENETIC RESOURCES

The most effective means of protecting the diversity of vanilla species ought to be
in situ protection in their areas of origin. However, the natural areas where the pri-
mary gene pools are found are very often subject to strong demographic pressure
that endangers the different species. This type of conservation can therefore only be
envisaged if it is associated with a global conservation strategy at the level of a terri-
tory (Soto Arenas, 1999). In Mexico, the success and experience of the CONABIO
(Comision Nacional para el Conocimiento 'y Uso de la Biodiversidad) may enable
the implementation of this conservation method. In South Africa, the iSimangaliso
reserve focuses particularly on conserving V. rosheri, which is second in the list of
rare and endangered endemic species (Combrink and Kyle, 2006).

However, the diversity of vanilla, including more than 100 species distributed
over three continents and living in varied biotopes, makes it difficult to set up in situ
conservation systems. The establishment of ex situ collections therefore appears to
be a necessary strategy for protecting vanilla genetic resources.

Initiatives of varying degrees of importance have been taken in the past in certain
vanilla-producing countries where the genetic resources are found (Puerto Rico,
Madagascar, Costa Rica, Mexico). Thus, from the 1940s onward on the Mayaguez
station in Puerto Rico, research was conducted to characterize and improve vanilla
plants (Childers et al., 1959). At about the same time in Madagascar, the Ambohitsara
vanilla station near Antalaha began to collect and hybridize a wide range of vanilla
plants (Dequaire, 1976). However, this collection was decimated by repeated
cyclones, a lack of maintenance, and the propagation of viruses (Grisoni, 2009). In
the late 1970s, the CATIE (Centro Agrondémico Tropical de Investigacion y
Enseiianza) in Costa Rica collected and maintained about 32 vanilla accessions from
Central America. A part of this collection was safeguarded by passage in vitro (Jarret
and Fernandez, 1984). In Mexico, alongside the CONABIO program, a collection of
clones representing the diversity of the country was established, but unfortunately
could not be maintained (M.A. Soto Arenas, pers. comm.).

Today, the most important collections are found in France—Réunion (CIRAD),
French Polynesia (EVT), and Cherbourg (council/MNHN), in India (ICRI), and in
the United States (Table 3.1). Several botanical gardens and research institutions also
have varying quantities of vanilla specimens in their greenhouses (Les Serres
d’Auteuil, Jardin du Luxembourg and Jardin Botanique de Nancy in France, the
Royal Botanic Gardens, Kew and the Copenhagen Botanical Garden in Europe, or



Conservation and Movement of Vanilla Germplasm

panunjuod

6661

juowaAoxdur eljIueA
Jd'niyeropay[rues-oqe|
@ D{smalozIpue Ipues
Dismafozipuy

-s10doT vIpuRg

(LAH) biyel,
9P 9[[IUBA JUSWIISSI[qRIF
BISQUATO]
Youar] eajetey S€/86
(earendeinde]) eowrey

IA3

1861

uonearasaid ‘yoreasoy
WO [TRWFIPAIE) Sa1ds
TSQLIp {WOI" Y12 @ BIAWLIOT
‘w02 00YeA @) S901ds ™ sawip
ueuBPOOSNYPRIA [ IJ
BIPUT JO "1A0D
‘preog sao1dg aamnsuy
[oI8as9y WourepIe)) ueipuy

BIPUT ‘€GGC T89 BIRIY
‘eredwnpe[AJN 21mnsuy

0¢
00 99UIS SUOTII[0
UO paseq ‘[e1oLJ0 JON
[oIeasal
‘uIpaaiq ‘UoNEBAIISUOD)

Npa'SIABPIN @) [[IOUOPS

woo Trewjoy @ qnyd
AysurqnT yoesoq

vsn

‘BIUIOJITRD) JO AJISIOATUN)
‘Aysurqn yoesad Iq

[OIBaSaY WOWEpIR) UBIPU] YS[] ‘BIUIOJI[E)) JO AJISIQATU()

(ADW) ®jjiueA
uonoa|jo) eredwnpejAw

uondI3||0) SAANERY
PIIM PUE E[J1UBA URILIDWY

(008) ST

7861

uonearasaid ‘Yoreasay

Iy PRI @) IUOS LI [oyoTut
TUOSLD [9YdIA
(@V¥1D) yuewaddopeasa
9 1nod anbrwouoi3y ayoraydey
uo oreuoneuINU] uoneIpdoo)) op anus)
QouRIf—UOIUNYY BT
01¥L6
QL3I JureS sajue[d sop uonodjoid ap ajog

TILVA 4D

UOT)I[[0d Y}

ur sa10ads e[[TUBA JO JoquInN
uonoI[0d

3} JO UONEBAID JO Ar(]

uond3[[0d ay) jo asoding

[rewa
puE UOI}OI[[0D JY) JO JojeIn))
UoI)I[[0d
ay) 10y dqrsuodsax
Auedwos 10 uoneziuesio

uondI[[0d
) JO SSAIPPE PUB UOHIBIO']

u01123]]0)) 3y} JO dweN

e|[IUBA JO Suo1}23]|0D Jolewy ay) uo uonew.ojul

'€ 1149vl




Vanilla

36

SPLQAY pue
vuodwod A ‘vijofiuvyd A
+ s1suaiyvy A Jo Ayole]y
K[uo
10BNX2 YN( 10 sueag
JUAIUOI Jg ‘SIUN0D
wosowoIyd JIIV
SOX

0§
181
144

1A3

PUDPYSIN A ‘DIOIUDUDPUD A

‘sisuapyvy A ‘vuoduiod A

vpydp A ‘vjofiuvyd A

ON

s10)d110s9p Je[nos[oWw ON
SOx

(ADW) ejjiuep
uonda3|j0) eredwnpejAw

Ic
Ic

*SUOTIOA[0D AY) JO sI0jeINd Yy Aq papraoid Ajpury ereq

~dds vjjrupp ‘vdivoouosdiiy A

‘sisuainyvy A ‘vuoduiod A ‘sidajjod A
‘onjofiuvyd A ‘sisdouavjpyd A ‘wnivwgpd A
‘DIDIOPO A ‘SISUILIDISDIDPDUL A
‘DUbIUDWPUL] A “1UN214d2] A ‘SuSISUI A
‘sypradul A ‘mojquiny A ‘violfipuvis A

DIOJISUD A ‘DIDINUILD A ‘STUOSSTUDYD A Uuond9[[0d
S9109dS PIIOA\ MON UO SN0  ‘pubiynq A ‘vjjydp A ‘vpiqp A ‘DupdLfp A ay ur sardads Jo Is1
(SALID ‘VLIA) suonipuod 1odxa

0] PONIWIQNS ‘SUOISSIOIE JWIOS JOJ SAX J10J [erI)ew Jo A[Iqe[IeAy

dTdv  seouenbas yN( puse[d “YSS dTAV ‘AdvVY s10)d11osop
pue s1oIew ygsd/S L] owos Sox  Je[nodjouwr pue [esrsojoydIop
$1ODAIX

p1ov d1210nu ‘Sa)dups

00 J1a1ds 10 paaplyaq
24 11V 00r v Suiary
001 008 SUOISSIIIB JO JOqUINN
uond9|0) saAneaY THIVA 93D uo1323[|0D 3y} Jo weN

PIIM pUE B[iuBA UBLIDWY
g[[1ueA JO SuoI}II)[0) 1olew ay) uo uonewiou|
(panunuod) 1€ 319V1




Conservation and Movement of Vanilla Germplasm 37

Rutgers University, the New York Botanical Garden, and the Rio de Janeiro Botanical
Garden in Brazil, the Secretariat of the Pacific Community in Fiji, to name but a
few). Private collections belonging to orchid lovers are another source of sometimes
rare specimens. In total, around 50% of global diversity (in terms of the number of
species) is thus conserved in these collections, essentially in the form of whole plants,
in vivo or sometimes in vitro.

However, in most cases, the material is poorly identified in terms of taxonomy and
the conservation methods used do not guarantee complete security for the resources.
In vivo collections are not shielded from plant health risks (introduction of parasitic
fungi or viruses and vectors of viral disease in greenhouses) or climate risks (storms,
cyclones). Viral indexing has shown that 40% of the vanilla plants conserved in
botanical gardens are infected by the Cymbidium mosaic virus (Grisoni et al., 2007).
In vitro culture techniques for vanilla plants have been mastered (see Chapter 5) and
ensure protection of plant material from contamination. However, in vitro conserva-
tion of collections requires regular maintenance operations that imply a large num-
ber of qualified workers. Furthermore, the succession of subcultures means that
somaclonal variants may appear and the original genetic resources may be lost. For
these reasons, methods to secure the collections must be developed as a matter of
urgency. Cryopreservation could be an option for the future. In India, cryopreserva-
tion of pollen has been successfully conducted as a part of interspecies hybridization
research. This technique solves the problem of the synchronization of flowering in
different species. Likewise, a protocol for the cryopreservation of the apex of vanilla
plants has been standardized for the storage of genetic resources (see Chapter 5).
Protocols for the cryopreservation of meristems are being studied, particularly in
Mexico (Gonzalez-Arnao et al., 2009) and France.

In Reunion Island the collection of vanilla genetic resources is the central element
of the VATEL Biological Resource Centre, which was accredited in 2009. This rec-
ognition implies resource management that follows a quality process similar to the
ISO 9001 international standard, and requires compliance with procedures on con-
servation technologies, the introduction of biological material, and the dissemination
of genetic resources.

RULES ON THE TRANSFER OF VANILLA GENETIC RESOURCES

Similar to the rest of the Orchid family, the genus Vanilla is protected by the
Convention on International Trade in Endangered Species of Wild Fauna and Flora
(CITES), also known as the Washington Convention (http://www.cites.org/index.
html). The aim of this international convention, signed by 175 countries, is to ensure
that international trade in specimens of wild animals and plants does not endanger
the survival of the species to which they belong. Indeed, although we can consider
that cultivated vanilla is not endangered, almost all the species grow in natural for-
ests located in high-risk zones. As the Orchid family is listed in Appendix 2 of the
CITES convention, which includes over 28,000 plant species, vanilla is subject to
the application of strict rules on the transfer of and trade in plant material between
States (Figure 3.1). This protection concerns all parts of plants and all by-products,
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Article IV
Regulation of Trade in Specimens of Species Included in Appendix II (extract)

For full text of the convention see http://www.cites.org/eng/disc/text.shtml#IV and http://www.
cites.org/eng/app/appendices.shtml#hashl (appendices I, II and III of the convention)

Main rules

2. The export of any specimen of a species included in Appendix II shall require the
prior grant and presentation of an export permit. An export permit shall only be
granted when the following conditions have been met:

(@) aScientific Authority of the State of export has advised that such export will
not be detrimental to the survival of that species;

(b) aManagement Authority of the State of export is satisfied that the specimen
was not obtained in contravention of the laws of that State for the protection
of fauna and flora; and

(c) a Management Authority of the State of export is satisfied that any living
specimen will be so prepared and shipped as to minimize the risk of injury,
damage to health or cruel treatment.

4. The import of any specimen of a species included in Appendix II shall require the
prior presentation of either an export permit or a re-export certificate.

For the Orchidaceae, these rules concern all parts and derivatives, except:

(@) seeds, spores and pollen (including pollinia);

(b) seedling or tissue cultures obtained in vitro, in solid or liquid media, trans-
ported in sterile containers;

(c) cut flowers of artificially propagated plants; and

(d) fruits and parts and derivatives thereof of artificially propagated plants of the
genus Vanilla.

Article VII
Exemptions and Other Special Provisions Relating to Trade (extract)

6. The provisions of Articles III, IV and V shall not apply to the non-commercial
loan, donation or exchange between scientists or scientific institutions registered
by a Management Authority of their State, of herbarium specimens, other pre-
served, dried or embedded museum specimens, and live plant material which
carry a label issued or approved by a Management Authority.

FIGURE 3.1 Extracts from articles IV and VII of the Convention on International Trade in
Endangered Species of Wild Fauna and Flora (CITES).

with a few exceptions, especially concerning fruits and their parts and products of
cultivated vanilla.

However, point 6 of Article VII of the convention (“Exemptions and Other Special
Provisions Relating to Trade”) facilitates exchanges of noncommercial plant mate-
rial for scientific purposes.

Each member country of CITES must implement a legislation to guarantee com-
pliance with the convention at the national level. Countries have the right to adopt
more binding legislation.

The second level that regulates access to plant genetic resources in general and
to vanilla in particular is the Convention on Biological Diversity (CBD), or Rio
Convention (http:/www.cbd.int/). At the level of the plant kingdom, the CBD covers
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all species that are not included in the International Treaty on Plant Genetic
Resources for Food and Agriculture (http://www.planttreaty.org/index_en.htm).
The CBD came into force on December 29, 1993. It has 191 parties (member
countries) and its three main objectives are: to conserve biological diversity, to use
biological diversity in a sustainable fashion and to share the benefits of biological
diversity fairly and equitably.

Compliance with the rules for exchanging plant genetic resources between coun-
tries, set out in the Convention, translates in practical terms into the drafting and
signing of an MTA (Material Transfer Agreement) by parties. This document defines,
of a common accord, the rights and obligations of the parties concerned by the trans-
fer, especially with regard to the issue of the use of resources and the sharing of
benefits and advantages arising from this use. It now seems vital to use an MTA in
any exchange of plant material in order to prevent disputes between suppliers and
users of genetic resources.

Contrary to the CITES convention, there are no exemptions from the rules of the
CBD for the use of plant genetic resources for scientific purposes.

The genetic resources held by a country prior to December 29, 1993 are not
subject to the rules of the Convention.

Over and above the CBD and the rules on transfers, any exchange of plant mate-
rial between countries must comply with the obligations of the International Plant
Protection Convention (http://www.ippc.int/IPP/En/default.jsp), especially concern-
ing the phytosanitary certificate that is required for any transfer of plant material. An
initial guide was drawn up by the IBPGR, now Biodiversity International (Pearson
et al., 1991), but the knowledge acquired over the last 15 years regarding vanilla
viruses (see Chapter 7) calls for this guide to be updated.

CONCLUSION AND PROSPECTS

Similar to numerous other plant species, vanilla genetic resources are threatened
with extinction or genetic erosion in many areas of origin and diversification. Any
in situ initiatives for conserving species must therefore be encouraged, but the cre-
ation of ex situ collections is essential for protecting the diversity. This conservation
method means resources are more secure, thanks to in vitro or cryopreservation
mechanisms, and also makes it easier to promote resources and to acquire scientific
data. Indeed, despite many research studies that have been made possible particu-
larly by the widespread use of molecular biology tools, knowledge of vanilla genet-
ics, in terms of the taxonomy of the genus and the properties of different species, is
still incomplete. This knowledge gap is even more striking when it comes to usage
and customs linked to the vanilla that are grown by local communities in regions
where the genetic resources are found.

The creation of a global network of in sifu and ex situ collections of genetic
resources, based on branches on the three continents (America, Africa, and Asia)
that hold most of these resources, could result in considerable progress in terms
of the conservation and the scientific and economic improvement of vanilla. The
development of increasingly effective genomics, associated with biotechnology
techniques, means plant breeding programs can be set up. Exploiting the specific
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characteristics of wild species, such as resistance to drought in aphyllous vanilla,
could provide a means of diversifying vanilla production areas and anticipating
future climate change. The creation and development of vanilla plants that are
more disease resistant, more productive, and richer in vanillin and other aromatic
compounds could improve the living conditions of small-scale growers in vanilla
production areas.

To ensure that these research studies and conservation network initiatives are
more effective, plant material exchanges between collections and research programs
should be facilitated, especially by relaxing the rules of the CBD in line with the
existing exemption in the CITES convention.
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Abundant in tropical regions of the globe, the genus Vanilla has challenged
morphologists. Although the molecular approach provides a glimpse of the phylo-
genetic structure of the group, the clear definition of species is fraught with difficul-
ties. This chapter opens the “Vanilla File” and lists some technical aspects that
hinder the study of the only orchid cultivated for food.

LACK OF TAXONOMIC REVISION

Although cultivated vanilla has been the subject of many studies, the wild species,
and more particularly those that have no agronomic qualities (being odorless or too
capricious for cultivation) have not been studied in a synthetic way. Admittedly, stud-
ies on many taxa were published, as seen among members of the Orchidaceae family.
The Kew Index lists more than 250 species (Anonymous, 2009), but the taxonomic
revisions are missing.

The first complete taxonomic treatment of the genus Vanilla was carried out by
Rolfe in 1896. It recognizes 50 species. The last revision by Porteres (1954) in
Bourriquet’s book, La vanille et le vanillier dans le monde, includes 110 species.
Porteres” work, although rich in biogeographic data, is unfortunately not exhaustive
because several taxa published by the Brazilian botanist Hoehne between 1941 and
1944 (Hoehne, 1941, 1944) are not mentioned. These works date back to the years of
the Second World War, and European libraries in the 1950s had difficulty in
supplementing their collections.

The lack of adequate treatment is directly related to the state of herbarium
specimens in collections, which are the basis of any taxonomic and nomenclatural
reasoning.

43
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COLLECTIONS STILL POOR

Collections by past botanists are scarce and illustrations have often been used in
place of specimens. This is the case for the “historical herbaria” of the Muséum
National d’Histoire Naturelle in Paris. In Lamarck’s herbarium, for example, only
one figure illustrates vanilla, taken from the Encyclopédie Méthodique. The legend
is in French: Petite vanille ou vanille musquée (small vanilla or vanilla musk). The
drawing is sufficiently precise to identify Vanilla palmarum. The Jussieu herbarium
is hardly any richer, with only one specimen of Vanilla aromatica. Are these illustra-
tions derived from herbarium specimens? This is doubtful. Drawing from live speci-
men or from another illustration is common. This significantly contributed to
confusion about the genus upon its official publication in the botanical nomenclature
(Miller, 1768), even though vanilla was already widely cultivated.

Miller (1768) at first distinguishes “two or three varieties which differ in the color
of their flowers and the length of their pods.” Then he recognized them as two
species: V. mexicana and V. axillaris. It seems today that the specimens described by
Miller included at least our existing species V. planifolia and V. pompona.

Modern collections suffer from the same flaws as their predecessors: rare collec-
tions that are often fruitless and flowerless. When flowers are present, they are poorly
dried or unprepared, making determinations uncertain. Moreover, species are often
represented by a single specimen.

Some major herbaria in the world possess vanilla specimens. In North America,
the New York Botanical Garden is very active in New World tropical research. In
Brazil, the Hoehne collection is conserved in the Rio de Janeiro Botanical Gardens.
But many other structures also conserve vanilla.

This is the reason for many databases and Web sites to allow the remote consulta-
tion of specimens. Particular mention should be made of the GBIF, Global Biodiversity
Information Facility (http://data.gbif.org), which brings together several hundred
natural history collections and offers a gateway for the consultation of specimen
data. Since 2003, the Web site of the Muséum National d’Histoire Naturelle in Paris
has been providing data and photographs of all the Orchidaceae included in its col-
lections (http://www.mnhn.fr/base:sonnerat.html). The Aluka Foundation proposes
a partially paying service for consulting all types from Africa and America (http:/
www.aluka.org). The Swiss Orchid Foundation at the Jany Renz Herbarium, Basel
(http://orchid.unibas.ch/site.sof.php), offers a very comprehensive Web site.

The poor condition of the material makes morphological approaches particularly
difficult to conduct. Vanilla herbaria are therefore currently insufficient to resolve
the genus taxonomy for technical and biological reasons. The difficulty of preparing
suitable samples is a major handicap.

TIPS FOR PREPARING GOOD HERBARIUM SAMPLES

KiL THE PLANT Quickry

Like many orchids, vanilla is particularly resistant to dehydration. The thick skin
prevents water from escaping easily. Samples of Malagasy leafless vanilla have been
seen to remain green for more than one year on paper. It is therefore necessary to kill
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samples rapidly. The most common method in the field is to immerse the plant in boil-
ing water, then dry it and put it in a dryer. Sulfur dioxide fumes can also be used, with
the advantage that they avoid oxidation, which deteriorates the pigments.

PREPARE THE FLOWERS

The flowers are often thick and fleshy. Failure to prepare them in the herbarium usu-
ally leads to the deterioration of structures. It is therefore necessary to dissect fresh
flowers and to dry the perianth parts separately (Figure 4.1). Petals and sepals are
detached from the flower; one of the two petals and one of the two lateral sepals are
presented on the lower face. The lip, which is always fused lengthwise with the
column, is cut on the side in order to be able to spread it out and to present the higher
face with its scales and its gibbosities. The large inflorescences must imperatively be
simplified, retaining only two or three flowers.

MONITOR DEHYDRATION

Drying should be monitored and in tropical conditions, the paper should be renewed.

PrioriTiZE COLLECTIONS IN ALCOHOL

Collections in 70% alcohol are valuable additions to the herbarium. Higher levels
that make the tissue brittle should be avoided. Ensuring that the structures remain
flexible and unpressed makes them easier to study (Figure 4.2). Alcohol also makes
it easier to observe vascularization. The alcohol collections are, however, difficult to
maintain since large volumes of alcohol require strict safety conditions and the level

B

FIGURE 4.1 Dissection of flower and presentation of the leafy stem of Vanilla trigono-
carpa Hoehne.
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FIGURE 4.2 Dissection of a flower of Vanilla bahiana Hoehne preserved in 70% ethanol.

of the liquid must be constantly monitored owing to evaporation. Furthermore, alco-
hol specimens cannot replace dry samples, but they make a very useful addition.

Photographs taken on the field and the fine details of flowers can also be very use-
ful. However no picture, even the best possible one, can replace a collection specimen.
Botanists observe many minute details, such as pilosity on the labellum, the struc-
tures on the column or organ vascularization, which photography cannot capture.

Phylogenetic analysis, phenetic, and then cladistic methods helped considerably
with the comprehension of the plant groups. The use of molecular characters, today
very widespread, made it possible in numerous cases to confirm the morphological
hypothesis. A combination of molecular genetics and taxonomy, is a very powerful
tool. Vanilla herbaria collections must therefore be accompanied by specimens in
silica gel to allow further molecular studies, for example, pieces of leaf rapidly dehy-
drated in absorbent silica crystals.

The herbaria are used as tools in the identification of the species. For all the
aforementioned reasons, this is not always easy to obtain. When a regional flora
exists, or if a genus has been revised, species determination can be based on the
keys of identification defined. But some characters nonetheless require certain
knowledge of the group.

The specimen used for the reference to a species name is the holotype (Figure 4.3).
In theory, any specimen should be compared with this holotype in order to be suitably
identified. It does not, however, represent the variability of a species. Holotypes are
used for the stability of names. But it is necessary to examine all the specimens to have
an idea of the taxonomy, the number of species, and the morphological relationships.

The duplicates of the holotypes are the isotypes (Figures 4.4 and 4.5). These are
different parts of the same individual collected on the same day by the same bota-
nist. They are often deposited in other institutions. Isotypes are important for ease of
consultation and for the security of the material. An unhappy incident was observed
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FIGURE 4.3 Vanilla ochyrae Szlach. et Olsz. (holotype). [Reproduced from the Herbier
National (MNHN) Web site. With permission.]
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FIGURE 4.4 Vanilla tahitiensis Moore (isotype). [Reproduced from the Herbier National
(MNHN) Web site. With permission.]
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FIGURE 4.5 Vanilla humblotii Rchb.f. (isotype). [Reproduced from the Herbier National
(MNHN) Web site. With permission.]

after the Second World War, when the Berlin herbarium was largely destroyed,
including the type collections. The isotypes conserved in other herbaria are the only
reference material available to the scientific community. The International Code of
Botanical Nomenclature (McNeill et al., 2006), which sets the rules for giving and
using plant names, envisaged the replacement of a holotype that disappeared with an
isotype. If there is no isotype, one of the other specimens (paratypes) quoted in the
original publication will be used. This replacement specimen is called the lectotype.
If all the original material is lacking, the botanist who revised a species can choose
a specimen (neotype) that best corresponds to the description published.

SCARCITY OF FLOWERS IN NATURE

Vanillas are seldom observed as flowers in the field. In floristic inventories, it is much
more common to observe stems and leaves than inflorescences or fruits.

For these reasons, ex situ collections must be created to make it possible to moni-
tor the bloom and properly prepare the samples. If information on initial collections
in the field is suitably preserved, the specimens will appear rich and ready to be
studied.

Herbarium specimens are difficult to prepare, expensive to maintain, and require
specific skills for analysis. They are, however, absolutely indispensable in order to
revise the taxonomy of the genus as long as molecular tools, based on DNA analyses
in particular, have not been established.
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INTRODUCTION

Vanilla planifolia G. Jackson (syn. V. fragrans Andrews), is a tropical climbing
orchid (Figure 5.1) known for producing the delicate popular flavor, vanilla
(Purseglove et al., 1981) and is the second most expensive spice traded in the global
market after saffron (Ferrdo, 1992). The major vanilla-producing countries are
Madagascar, Indonesia, Uganda, India, and the Comoros with Madagascar ranking
first. Following the discovery of the New World by Columbus in 1492, the earliest
vanilla dissemination record from Mexico is the one by Father Labat who imported
three V. planifolia vines into Martinique in 1697. The lack of