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Abstract

This work attempts to offer an insight into the problematic of the genus Elettariopsis
Baker, the last unrevised genus in the subfamily Alpinioideae (Zingiberaceae). Phylogenetic
analyses are performed on ITS, matK and DCS sequence data and correlated with absolute
genome size and biogeographical distribution of the samples. Elettariopsis as a genus is found
to be weakly supported and strongly supported only with the addition of some species of
Amomum Roxb., including the type species A. subulatum. The absolute genome size in this
group is greater than in the outgroup represented by members of the Zingiberoideae
subfamily. The evidence given by sequence data further suggests that Elettariopsis is divided
into two well-supported groups, the “E. curtisii” group and the “E. triloba/E. unifolia” group,
each of which contains several well-supported clades. In the analysis of absolute genome size
it is shown that the absolute genome size in the “E. triloba/E.unifolia” group is higher than in
the “E. curtisii” group. These two groups also differ slightly in their biogeographical
distribution, with group G being distributed in only in Vietnam, Laos, and Thailand, while
members of group H are also occurring in Singapore and Indonesia (Borneo).

Keywords: Zingiberaceae, Elettariopsis, South-East Asia, ITS, matK, DCS, absolute genome

size



Abstrakt

Tato prace si klade za cil podat komplexni vhled do problematiky rodu Elettariopsis
Baker, posledniho nerevidovaného rodu v podcéeledi Alpinioideac (Zingiberaceae).
Na sekvencnich datech z useki ITS, matK, a DCS jsou provedeny fylogenetické analyzy,
které jsou korelovany s absolutni velikosti genomu a biogeografickym rozlozenim vzorkd.
Z vysledku je zietelné, ze Elettariopsis jakozto rod je jen slabé podpofen a siln¢ podpoien je
pouze po spojeni s nékterymi druhy rodu Amomum Roxb., vcetné typového druhu
A. subulatum. Absolutni velikost genomu je Vtéto skupiné vétsi, nez v mimoskupingé
(outgroup) tvofené zastupci podéeledi Zingiberoideae. Ze sekvencénich dat dale vyplyva, ze
Elettariopsis je rozdélen do dvou silné podpofenych skupin, skupiny F a skupiny G, z nichz
kazda zahrnuje né€kolik siln¢ podpofenych skupin. Z analyzy absolutni velikosti genomu se
ukazuje, ze absolutni velikost genomu je vyssi ve skupiné F nez ve skupiné G. Tyto dvé
vyskytuje pouze ve Vietnamu, Laosu a Thajsku, zatimco zastupci skupiny “E. curtisii” se

vyskytuji rovnéz v Singapuru a v Indonésii (na Borneu).

Klic¢ova slova: Zingiberaceae, Elettariopsis, jihovychodni Asie, ITS, matK, DCS, absolutni

velikost genomu
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Abbreviations

Bl Bayesian inference

bp Base pair

BS Bootstrap value (in maximum parsimony and maximum likelihood)
DCS Diketide CoA synthase

ILD Incongruence length difference

ITS Internal transcribed spacer

matK Maturase K

ML Maximum likelihood

MP Maximum parsimony

NMNH Smithsonian National Museum of Natural History, USA
PBG Prague Botanic Garden in Trgja

PP Posterior probability (in Bayesian inference)
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2. Introduction

1.1 Introduction

Like many other tropical regions, South-East Asia has been intensively researched for
decades, but to the present day much of its biodiversity remains undescribed or even hidden.
This is caused by many factors. In the past, the main cause was the limited access to many
areas, as the tropical biomes were physically demanding and often dangerous to the (mostly
Western) researchers. Nowadays these physical obstructions are somewhat diminished, but
new ones arise, such as the restrictions of access to some areas, or the lack of understanding
and cooperation by the local government. In many areas, exploit for commercial reasons is
prioritized over scientific research, which causes the loss of (often undescribed) species.

The taxonomic revision in many areas of South-East Asia is still very poor, largely due
to the high numbers of species that are still being discovered in the more remote areas.
Taxonomic revision is much needed not only for the purposes of science, but also to aid in
determining the useful and endangered species and to suggest strategies for their effective
conservation.

One of the important South-Asian plant families are the Zingiberaceae (gingers), the
members of which have long been used by the locals as remedies, spices, and decorative
plants. Zingiberaceae have been intensively researched in the past few decades (the most
recent comprehensive phylogeny was made by Kress et al. in 2002); however, they still
remain largely unresolved.

Elettariopsis is one of the less intensively researched genera in the Zingiberaceae, and
the only genus in the subfamily Alpinioideae that is still lacking revision. It is a small genus
counting around 36 recognized species (Newman, Skorni¢kova and Pullen 2013), with more
species still being discovered and published (e.g. Picheansoonthon and Yupparach 2012,
Saensouk and Saensouk 2014).

Elettariopsis is very similar in morphology (especially in the flowers, which in the
Zingiberaceae are an important determining character; e.g. Holttum 1950, Kam 1982) to
another genus in the Alpinioideae, Amomum Roxb. Recent molecular and morphological
analyses of the polyphyletic Amomum (Xia et al. 2004, Droop 2012, Sida et al. unpubl.) show
that Elettariopsis forms a strongly supported clade with some species of Amomum,
particularly those from the A. maximum group of Xia et al., while other Amomum species are
completely separated from this clade and cluster with Etlingera and Hornstedtia (Fig. 1). The

monophyly of Elettariopsis is uncertain as the intrageneric relationships are also unresolved,
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especially in the complex E. curtisii which acts as a collective species where species of
uncertain determination are placed.

So far there has not yet been a phylogenetic study on Elettariopsis which would
encompass its whole range of distribution, and the sampling in most analyses of the
Alpinioideae has been very poor (the highest number being 8 samples in the revision of
Amomum Roxb. by Jane Droop 2012). This work is the first to attempt a complex insight into
the problematics of this genus with the use of taxonomic and molecular methods, partly as a
preparation for the intended revision of Elettariopsis. It is also the first analysis to include
Amomum subulatum Roxb., the type species of Amomum. The sampling is the most extensive
so far; however, it covers only about a third of the whole scope of variability in Elettariopsis
(only seven taxa are determined among the samples of the dataset, out of twenty four
currently accepted species).

Molecular research carried out to determine the position of Elettariopsis within the
Alpinioideae involved DNA sequencing and subsequent construction of phylogenetic trees.
Species of Amomum which form a clade with Elettariopsis in previous analyses (especially
Droop 2012) were included into the analysis to resolve the relationship between Elettariopsis
and Amomum. In the molecular analyses, three independent markers were used to infer the
phylogeny of the group. The popular ITS (internal transcribed spacer) and matK (maturase K)
marker have already been successfully used in many previous studies of the Zingiberaceae,
including the major phylogenetic study by Kress et al. (2002) or
the phylogeny of the Alpinioideae (Pedersen 2004). Along them a single-copy nuclear gene,
DCS (diketide CoA synthase) (Radhavakrishnan et al. 2010), was used; single-copy DNA has
been proven to have higher rates of nucleotide substitution than chloroplast DNA (Wolfe et
al. 1987) and is inherited biparentally, which is useful in resolving phylogenies both on the
intra and interspecific level (Strand et al. 1997).

The absolute genome size (2C) was determined with the use of flow cytometry. The
genome size has been used in many studies to investigate its relationship to phylogeny and
ecology. A subsequent mapping of genome size on a Bayesian phylogeny of the investigated
group and an analysis estimating the lambda, kappa and delta parameters was performed. The
results of these analyses show that the absolute genome size in the group Elettariopsis s. I. is
higher than in the outgroup, and that in group F of Elettariopsis it is higher than in the A.
maximum group (defined by Droop, 2012) and in the other Elettariopsis group (group G). An

estimation of ancestral states performed in the phytools package in R (Revell 2012; function
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fastAnc) suggests an overall increasing trend in the absolute genome during the evolution of
Elettariopsis, and a decreasing trend in the recently evolved groups.

Most of the samples used in this thesis have been collected on excursions to Vietnam,
Thailand, and Laos by Zingiberaceae taxonomists Jana Leong-Skorni¢kovéa, Otakar Sida,
Mark Newman and their co-workers. Although current sampling covers most of the regions of
the generic distribution, the sampling within these regions is not dense enough and still may
lead to a bias in the assessment of biogeography. In future studies, more extensive sampling,
especially more samples from individual determined genera, will be needed to enable a full

understanding of the biogeographical patterns in the distribution of Elettariopsis.
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1.2 Questions

1. Is Elettariopsis monophyletic?
a. What is the relationship between genera Amomum and Elettariopsis?
b. What is the support for Elettariopsis as a phylogenetic group?
c. What is the infrageneric structure of Elettariopsis?
2. Isthere any variability in genome size?
a. How does the genome size correspond with phylogeny?
b. Are there any trends in genome size evolution?
3. What is the relationship between the phylogeny of Elettariopsis and its geographical

distribution?
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2. Literature search

2.1 Family Zingiberaceae

The Zingiberaceae is a pantropical family belonging to the order Zingiberales. With
around fifty genera and over 1200 species, it is the largest family of the order (Kress et al.
2002). The centre of diversity lies in South and South-East Asia, where most species are
distributed; four genera (Aframomum, Aulotandra, Renealmia, and Siphonochilus) occur in
Africa and the genus Renealmia is the sole member that is native to South America.

The members of this family are rhizomatous plants whose leaves form a pseudostem.
They produce a terminal inflorescence, either on a leaf-shoot or on a separate shoot growing
directly from the rhizome near the base of the leaf-shoot. The inflorescence comprises an axis
which bears spirally arranged cincinni supported by primary bracts; in some groups the
cincinni are reduced to a single flower (Holttum 1950). The zygomorphic flowers usually
possess only one fertile stamen. The main identifying character is the labellum, formed by the
fusion of two lateral staminodes of the inner whorl (Missouri Botannical Garden 1995-2002).

Most Zingiberaceae are evergreen (especially members of the Alpinoideae subfamily),
as they are distributed in the warm tropical forests. Some, mostly representatives of
Zingiberoideae, survive periods of drought in dormant state (Kress et al. 2002). The rhizome
of these species (e.g. Curcuma, Zingiber) is usually fleshy and adapted as a resting organ;
they are therefore able to adapt to a drier climate, although none are truly xerophytic (Holttum
1950). Epiphytic species are also present, though rarely, for example in the genus Burbidgea
Hook. f.

In 1999, Sakai, Kato and Inoue observed the pollinators of 29 species of Bornean
Zingiberaceae and Costaceae and discovered three pollination guilds: one was pollinated by
spiderhunters (Nectariniidae), one by medium-sized Amegilla bees (Anthophoridae), and one
by small hallictid bees. These guilds correlated with the flower morphology, especially in the
formation of the floral tube and labellum (Sakai et al. 1999).

Zingiberaceae contain aromatic oils and are thus often used as spices or in traditional
medicines, such as the commercially grown ginger (Zingiber officinale Roscoe) or the green
cardamom (Elettaria cardamomum (L.) Maton). As their flowers are often large and brightly
coloured, they are also grown as ornamental plants (e. g. species of Etlingera Giseke).

The Zingiberaceae are a difficult and still largely unresolved group. The main (and

perhaps only) morphological character by which they can be securely distinguished is the
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flower, and until the development of morphological analyses the taxonomy of Zingiberaceae
had been largely based on their flower morphology. The most recent monography of
Zingiberaceae remains that written by Schumann in 1904. Zingiberaceae have been
intensively researched during the past few decades (Holttum 1950, Kress et al. 2001, Kress et
al. 2002, Newman et al. 2004), and the research is continuing with the use of new methods in
botany such as next-generation sequencing, while new species are still being discovered in the
area of dispersal.

In 2002, Kress et al. divided Zingiberaceae into four subfamilies, Siphonochileae,
Tamijioideae, Alpinoideae and Zingiberoideae (Fig. 2), on the basis of the ITS and matK
regions and morphological data. The subfamily Alpinioideae, which Elettariopsis is a member
of, is characterised by the absence or reduction of the two lateral staminodes, a plane of
distichy perpendicular to that of the growth of the rhizome, and the lack of a dormant period
(Kress et al. 2002). It contains two tribes, Alpinieae and Riedeliae. The largest genus of
Alpinioideae, Alpinia Roxb., is polyphyletic (Rangsiruji et al. 2000), and so are the remaining
two large genera, Amomum Roxb. (Kress et al. 2002, Xia et al. 2004, Kress et al. 2007, Droop
2012) and Etlingera Giseke (Pedersen 2004).
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Figure 2. Subfamilies and tribes in the Zingiberaceae. (Kress et al. 2002).
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2.2 Genus Elettariopsis Baker

2.2.1 Description and geography

Elettariopsis is a genus in
Alpinioideae whose representatives are tropical evergreen
plants growing from rhizomes. The leaves grow directly
from the rhizome, forming a pseudostem. In some species
such as E. curtisii and E. burttiana, however, no distinct
pseudostem is formed, as the leaves are only loosely
clasping (Kam 1982). The inflorescence sprouts from the
base of the pseudostem and remains rather short so that the
flowers open directly above ground. The flowers are usually
whitish or pinkish, often with a yellow stripe in the middle

of the labellum which is bordered by two red stripes; the

Holttum 1950; Fig. 3.).

the subfamily

Figure 3. Flowers of E. curtisii, the
lateral staminodes are absent or reduced (Baker 1892, type species. (photo by J. Leong-

Skornickova, 2014)

As is usual in Zingiberaceae, Elettariopsis plants contain essential oils and are often

used in traditional Asian medicine and cuisine. The chemical constitution of the leaves differs

between the species; as a result, each species has a distinct odour, which has been considered

by some to serve as a useful aid in their determination (Lim 2003).

The species of Elettariopsis are distributed throughout China, Indonesia, Laos,

Malaysia, Thailand and Vietnam (Wu et al. 1994+) and the centre of diversity seems to lie in

Malaysia according to previous research
(Hlavata 2012; Fig. 4), but its location is
still rather unclear as the whole range of
occurrence has probably not yet been
mapped.

O &wr
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?
1sp ‘ .-
® 2-5sp \ F
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Figure 4. The distribution of Elettariopsis. (Hlavata 2012)
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2.2.2 Problems of studying Elettariopsis

Elettariopsis was established as a genus by Baker in 1892, comprising at the time three
species: E. exserta, E. curtisii and E. serpentina, of which Elettariopsis serpentina is currently
not accepted and considered a synonym of E. curtisii (Holttum 1950).

The Zingiberaceae Resource Centre (Newman, Skorni¢kova and Pullen 2013) lists 36
recognized species of Elettariopsis, of which 24 are accepted (World Checklist of Selected
Plant Families 2014, Saensouk and Saensouk 2014; Table 1). The type species is E. curtisii
Baker. New species from South-East Asia are still being published (e.g. Picheansoonthon and
Yupparach 2012, Saensouk and Saensouk 2014) and many more have been discovered, but as
they are often found in the sterile state (and often will not flower easily in cultivation either)
many of them still remain undetermined. At present, Elettariopsis remains the last genus in
the Alpinioideae that has not yet been revised.

Determining Elettariopsis from herbarium material is also problematic as many
diagnostic features such as differences in colour, or glossiness of the leaves are lost in
herbarium specimens. Some characters such as the length of inflorescence axis, the relative
lengths of corolla and calyx tubes or the size of floral parts are unusable in morphological
analyses, as they are influenced by the thickness of debris layers above the inflorescence.
Kam (1982) also notes that the type of inflorescence may change with the change of
conditions; she notes that when a collection of E. curtisii was transplanted and cultivated in
debris-free clayish ground, the plants produced terminal inflorescence.

The morphology of Elettariopsis, especially in the flowers, is very resemblant to that of
Amomum Roxb (Holttum 1950, Kam 1982). Because of this, a number of species of
Elettariopsis was in the past included in Amomum (e.g. Elettariopsis stenosiphon (K.Schum.)
B.L.Burtt & R.M.Sm. or Elettariopsis triloba (Gagnep.) Loes.), and some Amomum species
were previously included in Elettariopsis (e.g. Amomum biflorum Jack, renamed to
Elettariopsis pubescens by Ridley). Droop (2012) notes that “Elettariopsis species usually
have a tufted pseudostem, open bracteoles and a large, petaloid anther crest. The above
characters are not unique to Elettariopsis, but are not found in combination in species of
Amomum.” This distinction, however, is applicable only to flowering specimens which make
up only a small portion of the newly discovered species.

There were also some species previously described as Amomum, which were then
transferred to Elettariopsis and later still into a different genus. An example is E. stoloniflora

(K.Schum.) Ridl., which was first described as Amomum stoloniflorum by Schumann, then
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transferred to Elettariopsis by Ridley and finally accepted as Elettaria stoloniflora as

proposed by Sakai and Nagamasu in 2000 (Zingiberaceae Resource Centre 2014).

Table 1. An overview of accepted species in Elettariopsis.

Species name

Basionym

Protologue

Elettariopsis burttiana Y .K.

Elettariopsis burttiana Y.K. Kam

Notes Roy. Bot. Gard. Edinburgh

Kam 40(1): 144. (1982)
Elettariopsis chayaniana L . Acta Bot. Yunnan. 30(5): 525.
Yupparach Elettariopsis chayaniana Yupparach figs.1-5. (2008)

Elettariopsis curtisii Baker

Elettariopsis curtisii Baker

FI. Brit. India 6: 252. (1892)

Elettariopsis diphylla

Cyphostigma diphyllum K.Schum.

Pflanzenr. IV 46(Heft 20): 272.

(K.Schum.) Loes. (1904)
Foli laysi 4(3+4): 218.
Elettariopsis elan C.K.Lim Elettariopsis elan C.K.Lim oflama ay(s;)rz)e;) (3+4): 218
Elettariopsis exserta (Scort.) Cvphostiama exsertum Scort Nuovo Giorn. Bot. Ital. 18:310
Baker yphostig ' (1886)

Elettariopsis kandariensis
(K.Schum.) Loes.

Amomum kandariense K.Schum.

Bot. Jahrb. Syst. 27(3): 323. (1899)

Elettariopsis kerbyi R.M.Sm.

Elettariopsis kerbyi R.M.Sm.

Edinburgh J. Bot. 47(3): 371. (1990)

Elettariopsis latiflora Ridl.

Elettariopsis latiflora Ridl.

J. Straits Branch Roy. Asiat. Soc. 32:
154. (1899)

Elettariopsis monophylla
(Gagnep.) Loes.

Amomum monophyllum Gagnep.

Bull. Soc. Bot. France 54: 163 1907

Elettariopsis procurrens
(Gagnep.) Loes.

Amomum procurrens Gagnep.

Bull. Soc. Bot. France 49: 254. 1903
[1902 publ. 1903]

Elettariopsis puberula Ridl.

Elettariopsis puberula Ridl.

Bull. Misc. Inform. Kew 1926: 88.
(1926)

Elettariopsis rugosa (Y.K.Kam)
C.K.Lim

Eletariopsis smithiae var. rugosa
Y.K. Kam

Notes Roy. Bot. Gard. Edinburgh
40(1): 150. (1982)

Elettariopsis serpentina Baker

Elettariopsis serpentina Baker

FI. Brit. India 6: 252. (1892)

Elettariopsis slahmong C.K.Lim

Elettariopsis slahmong C.K.Lim

Folia malaysiana 4(3+4): 223.
(2003)

Elettariopsis smithiae Y.K.Kam

Elettariopsis smithiae Y.K.Kam

Notes Roy. Bot. Gard. Edinburgh
40(1): 148. (1982)

Elettariopsis stenosiphon
(K.Schum.) B.L.Burtt & R.M.Sm.

Amomum stenosiphon K. Schum.

Notes Roy. Bot. Gard. Edinburgh
31(2): 312.(1972)

Elettariopsis sumatrana

Elettariopsis sumatrana Valeton

Bull. Jard. Bot. Buitenzorg 3: 148.

Valeton (1921)
Elettariopsis triloba Amomum trilobum Gagne Bull. Soc. Bot. France 51: 453.

(Gagnep.) Loes. gnep. (1905)
Elettariopsis unifolia (Gagnep.) - Bull. Soc. Bot. France 54: 403.

M.E.Newman Amomum unifolium Gagnep. (1907)

Elettariopsis wandokthong
Picheans. & Yupparach

Elettariopsis wandokthong
Picheans. & Yupparach

Taiwania 55: 244 (2010)

Elettariopsis limiana
Picheans. & Yupparach

Elettariopsis limiana
Picheans. & Yupparach

J. Jpn. Bot. 87: 85-95 (2012)

Elettariopsis poonsakiana
Picheans. & Yupparach

Elettariopsis poonsakiana
Picheans. & Yupparach

J. Jpn. Bot. 87: 85-95 (2012)

Elettariopsis biphylla
S. Saensouk & P. Saensouk

Elettariopsis biphylla
S. Saensouk & P. Saensouk

Phytotaxa 159(1): 023-025
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2.2.3 Phylogeny

The relationships within Elettariopsis are unresolved, mainly because of the lack of
studies focusing on this particular group of species, or due to lack of proper sampling
covering entire diversity of this genus. Especially regarding the Elettariopsis curtisii complex,
which has so far been used as a collective taxon for species of uncertain placement. Therefore,
the monophyly of Elettariopsis remains questionable. The relationship of Elettariopsis and
Amomum Roxb. is also unclear, owing largely to their morphological similarity described
above and their simultaneous distribution in South-East Asia.

In their comprehensive phylogeny of the Zingiberaceae, Kress et al. (2002) placed
Elettariopsis into a clade including Renealmia L.f. and Aframomum K.Schum. in the
Alpinieae tribe. This position was also confirmed in Pedersen’s (2004) phylogeny of the
Alpinioideae and in phylogenetic studies of Amomum done by Xia et al. (2004) and Jane
Droop (2012).

In the analysis of Xia et al. (2004), Elettariopsis, together with some species of the
Amomum maximum group, forms a moderately supported clade sister to the monotypic genus
Paramomum S.Q. Tong (the recent Amomum petaloideum (S.Q.Tong) T.L.Wu; Wu 1998),
while the Elettariopsis clade is weakly supported. They confirm the monophyly of
Elettariopsis and speculate that Elettariopsis and Paramomum “both evolved from a core
clade of Amomum through inflorescence and flower diversification” (Xia et al. 2004: 338).
However, as this analysis was focused on Amomum, only four species of Elettariopsis were
used, which is a rather low number to extrapolate from.

Results similar to those of Xia et al. were obtained by Droop (2012), who used eight
accessions of Elettariopsis. In her analysis of the ITS marker (Fig. 5), Elettariopsis formed an
unsupported clade on its own and a well-supported clade (PAUP* jackknife 97, Bayesian

posterior probability 1) with some species of Amomum.

2.2.4 The problematics of genus Amomum Roxb.

The most recent molecular analyses, performed on ITS and matK data (Sida et al.
unpubl.) indicate that Amomum is divided into at least two major groups, one of which forms
a strongly supported clade with Elettariopsis and the other is completely separated from this
clade and clusters with Etlingera and Hornstedtia (Fig. 1.). These results are also supported
by the findings of Droop (2012). While the intrageneric partition of Amomum is not the
subject of this thesis and has been covered in detail in Droop’s work, considering the close

relationship of this genus and Elettariopsis it is necessary to describe it here as well.
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Amomum groups
of Xia et al, 2004

Amomum groups
new to this study

Alpinia pumilia clade

Amomum trianthemum
clade

Alpinia warburgii,
A. ligulata and
Plagiostachys clade

Alpinia rosea clade

Alpinia boia clade

Elettariopsis clade

Amomum petaloideum
Amomum repoeense clade

clade

Aframomum clade

Renealmia clade
Alpinia fax clade
Alpinia aquatica clade
Alpinia galanga clade
Alpinia javanica clade

Riedelieae

Zingiberoideae

Siphonohiloideae

Etlingera coccinea
clade

Etlingera brevilabris
clade

Hornstedtia leonorus
clade

centrocephalum

Hornstedtia sanhan clade

Alpinia vittata
clade

Amomum compactum
clade

Amomum uliginosum
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Geostachys so. 1

aculeatum
clade

Amomum ochreum clade

Hornstedtia reticulata clade

Amomum roseisquamosum

Amomum hastilabium
clade

s Geocharis clade

Amomum tsao-ko
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Geostachys clade

Figure 5. An ITS phylogeny of Amomum showing one of the most parsimonious trees with jackknife
(red) and Bayesian (blue) support above and below branches. The position of Elettariopsis is marked in

yellow. (Droop 2012, modified).

The genus Amomum, established in its current form by Roxburgh in 1820, is the second

largest genus in the Zingiberaceae encompassing over 180 accepted species (WCSP 2014),

while more are still being published. The name had already been used by Linnaeus in his

Species Plantarum (1753; cited in Droop 2012); his Amomum consisted of only five species,

which were later transferred into different genera.

The only revision of Amomum so far as a whole has been done by Schumann (1904),

who placed its African species into a new genus Aframomum and divided the rest into two

sections and four series, using the morphology of the anther crest as a distinguishing feature

(Droop 2012). From that time, Amomum was revised only in limited areas of its occurrence,
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for example the Malay Peninsula (Holttum 1950) or Borneo (Smith 1985, Sakai and
Nagamasu 2003).

As has been proven by many previous studies (Kress et al. 2002, Xia et al. 2004, Kress
et al. 2007, Droop 2012), Amomum is polyphyletic and consists of more groups scattered
through the Alpinoideae subfamily. Kress Xia et al. (2004) divided it into three provisional
groups based on ITS and matK analysis: the A. villosum group, paraphyletic with Etlingera,
Vanoverberghia and Hornstedtia; the A. maximum group, paraphyletic with Elettariopsis and
Paramomum; and the monophyletic A. tsao-ko group. These groups were further supported by
morphological evidence on the flowers and fruits (Fig. 6.).

In the past, the morphological characters used in the classification of Amomum were
mostly those found on the flowers (the anther crest, labellum, or the shape of the bracteoles).
The morphology of the fruit was often omitted from the studies and considered unimportant
(Droop 2012). Holttum (1950) distinguishes between two types of fruit: “one smooth and
thin-walled, dry at maturity, mostly ridged, the other a fleshy spiny berry, (...)” (Holttum
1950: 193). Another study which takes this character into account is that of Xia et al. (2004),
who have done a phylogenetic study on Amomum and divided it into four types according to
fruit morphology: “Tsao-ko” possessing smooth fruit, “Villosum” with echinate fruit,
“Maximum” with winged fruit, and “Sericeum” with shallowly ridged fruit. Three of these
groups corresponded with three strongly supported groups, the A. tsao-ko, A. villosum and
A. maximum group (with the exception of A. koenigii, which had smooth fruits similar to the
Tsao-ko type but was strongly supported as a member of the A. villosum group), while the
fourth group “Sericeum”, consisting of A. sericeum and A. menglaense, was a part of the
A. maximum group.

The findings of Xia et al. are further supported by Jane Droop’s analysis, with the
addition of new fruit types found in Sumatra: the A. compactum type, which is lobed, dry,
thin-walled and dehiscent; the A. apiculatum type, which is elongated and hard and
resembling Hornstedtia fruits; and spherical fruits with up to 15 longitudinal ridges, which are
found in some species such as A. laxisquamosum and A. hastilabium (Droop 2014).

The species of Amomum forming a strongly supported group with Elettariopsis all have
winged fruits (Sida et al., unpubl.). Those species belong to the A. maximum group of Xia et
al., and the A. maximum and A. repoeense clades of Droop, as seen in Fig. 6 and Fig. 5,
respectively.

It is worth mentioning that none of the abovementioned works used a sample of the type

species A. subulatum, but both Kress et al. (2007) and Droop (2012) presumed that as it has
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winged fruits, it would probably fall into the A. maximum clade. That gives rise to
a nomenclatorial problem, as this clade also encompasses the weakly supported Elettariopsis
clade. It may therefore be necessary in the future to transfer Elettariopsis species to Amomum
and solve future problems of nomenclature in regard to this genus. It is likely that the other

Amomum groups, which are nested elsewhere in the Alpinioideae, would then probably
require being assigned a new name entirely.

[] subg. Amomum 9 3 Etlingera yunnanensis 1
[l subg. Lobulatae 9 fipg—! Etlingera yunnanensis 2
T Tsao-ko types 19 9318

Vanoverberghia sepulchrei
V' Villosum types 100 6

M Maximum types 1%
S Sericeum types

Hornstedtia hainanensis
OBy Amomum villosum 1
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Figure 6. The division of Amomum by Xia et al. (2004).
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2.3 Phylogenetic methods used in this study

2.3.1 DNA sequencing
2.3.1.1 Internal transcribed spacer (ITS)

5’ 3

ITS5m ITS3

18S | ITS-1 5.8S ITS-2 26S

-+ -+
ITS2 ITS4

Figure 7. A scheme of the internal transcribed spacer and the
primers used for its sequencing. (Saar and Polans 2000)

ITS (Fig. 3.1) is the 18S-5.8S-26S region of the nuclear ribosomal DNA (nrDNA)
which plays a role in the formation of ribosomal subunits. The ITS marker is very popular in
phylogenetic studies, owing to multiple factors. One of these is its biparental inheritance,
where two copies are inherited from each of the parents. Phylogenetic analyses could be
complicated by the fact that the two copies may be different, but due to concerted evolution
(Elder and Turner 1995) these copies are with time homogenized within the individual. There
are however also drawbacks, as concerted evolution may also produce chimeric sequences or
eliminate the copy from one of the parents (Krak et al. 2013). Where the copies still differ
from one another (such as in hybrid individuals), they may be used to determine the parents of
hybrid taxa (Pospisilova 2012).

In 1990, White et al. described a set of universal ITS primers, which greatly facilitated
the use of this marker as there is no longer need to design specific primers and ITS data can
be easily obtained from most plants and fungi. Moreover, the abundance (there are hundreds
to thousands of nrDNA copies in the plant genome) and simplicity (the ITS is a small
fragment, starting at approximately 500 bp length and not exceeding 3,700 bp; Alvarez and
Wendel 2003) make this region easy to obtain even with less expertise and old material such

as herbarium specimens.
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2.3.1.2 Chloroplast DNA (matK)

The matK region (abot 1,500 bp in length) is a gene coding the enzyme maturase, which
belongs to the DNA of the chloroplast genome (cpDNA). This is a circular molecule of
haploid DNA, which is about 120 to 217 kbp in length (Petit and Vendramin 2007); the
genome contains several tens of copies of cpDNA. Chloroplast DNA is inherited maternally
in angiosperms and paternally in gymnosperms. There is no recombination in cpDNA and its
mutation speed is low. Due to the haploidy of cpDNA, the allele fixation is faster in the
chloroplast, which causes low variability on the intrageneric level. The intergenic regions of
cpDNA are useful in interspecific analyses, while the coding regions are preferred for studies
at the family level (Krak 2011, cited in Pospisilova 2012).

matK

K1F MIF MIF2_EZ

MIR K2R
M5R

-

Figure 8. A schematic depiction of the matK primers. (PospiSilova 2012, modified to show
MIF2_EZ)

2.3.1.3 Diketide CoA synthase (DCS)

DCS is a gene from Type 11l polyketide synthase (PKS) gene family, which is closely
related to Chalcone synthase (Radhavakrishnan et al. 2010). Chalcone synthase (CHS) is
a single-copy gene in some plant families, for example in the Brassicaceae; Koch et al. 2000.
A phylogeny of the PKS gene family published by Radhavakrishnan et al. (2010) includes
several members of the Zingiberaceae, namely Alpinia, Curcuma and Zingiber species, and
suggested single-copy character of DCS in some of these genera. Therefore, two pairs of
specific DCS primers were designed for the Zingiberaceae and tested with satisfactory results
(Zéaveska, in press).

The amount of variable characters in single-copy genes is much higher than in
chloroplast DNA, as they evolve approximately twice as fast (Wolfe et al. 1987), and they are
less susceptible to concerted evolution. However, these genes are often difficult to isolate and
specific primers need to be designed in order to obtain them, and may show intraspecific,
intrapopulational or even intraindividual polymorphism. These and other advantages and

drawbacks of low-copy nuclear genes have been reviewed by Small et al. (2004).
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2.3.2. Statistical methods used in phylogenetic analyses
2.3.2.1 Bayesian inference
This method is used to calculate the posterior probability of a tree topology from DNA

sequence data (multiple alignment). The basis of this method is the Bayes’ theorem, which

states that _ P(BlA) P(A
P(AIB) = {;L{J)e)[ )

meaning that the conditional probability can be calculated from the reversed conditional
probability. In inferring phylogeny, this means that we can calculate the probability of a tree
topology on the condition of using sequence data P(topologyl data) using the probability of
the sequence data on the condition that the chosen topology is valid — P(datal topology). The
informative character in this type of analysis is the posterior probability (PP), the use of which
in phylogeny is similar to the use of bootstrap values. Posterior probability usually reaches
somewhat higher values than bootstrap.

To find the tree with the highest posterior probability, the Markov chain Monte Carlo
(MCMC) method is used. This is an algorithm which searches for the best topology in an
imaginary landscape of “hills” and “valleys”, which represent the high and low posterior
probabilities; the highest posterior probability is represented by the highest “hill”. To increase
the effectivity of this search, the Metropolis coupling Markov chain Monte Carlo
(MCMCMC) method was invented, combining multiple Markov chains with different search
criteria.

As the analysis starts by finding a random topology and the quality of the topologies
further increases, a proportion of the first found topologies is usually excluded from the
analysis (the default setting is 25 %) as burn-in.

The main criterion in the analysis is the average standard deviation of split
frequencies. This value shows the similarity rate of two simultaneously running analyses. The
smaller is the number, the more probable is the resulting topology. Ideall, the average
standard deviation of split frequencies should be lesser than 0.01, but values under 0.05 are

also acceptable (Ronquist et al. 2009).

2.3.2.2 Maximum parsimony
The aim of this method is to find a “maximally parsimonious” tree, i.e. a tree with the

shortest length (the least evolutionary change to eplain the data). For exhaustive search, only
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about 11 taxa can be used, otherwise the analysis is extremely time-consuming. To avoid this
problem with larger sets of data, it is necessary to optimise the search with the use of heuristic
methods such as branch swapping or the gradual adding of samples, which are often included
in phylogenetic software. Two indexes are used in interpretation of the tree: the consistency
index (CI), which measures the extent of homoplasy in the data, and the retention index (RI)
which shows the amount of synapomorphies (Kluge and Farris 1969, 1989).

For interpretation of the resulting phylogeny, jackknifing (resampling without
replacement) or bootstrapping (resampling with replacement) is usually performed. The result
of bootstrap, which is used more often, is majority-rule consensus tree with percentages

showing support on individual branches.

2.3.2.3 Maximum likelihood

This method searches for the most topology with the highest likelihood (L), which is
the probability that the given DNA sequences will evolve with the given topology and model
of evolution. The aim of this method is to find the topology which has the highest L. When
using maximum likelihood, it is paramount to choose the correct model of evolution which
correlates best with the given data. This can be done for example in the software jModeltest
(Posada 2008).

2.3.3 Genome size evolution
2.3.3.1 Genome size studies in the Zingiberaceae

There have been many studies on genome size and its relationship to various other
factors in plants such as ecology or phylogenetic relationships. Genome size is often similar in
specific phylogenetic groups, as is proven e.g. by the studies on Lupinus (Naganowska et al.
2003) or Echinops (Sanchez-Jiménez et al. 2012).

Leitch et al. (2010) characterise genome evolution in monocots as rather continuous
with the majority of changes happening in the shorter branches (in the longer branches
changes happen at a slower rate and most of them in the early stages of evolution). They also
estimated the ancestral genome size of monocotyledonous plants as 1C = 1,9 pg.

In Zingiberacaeae, genome size in relation to phylogeny has been so far investigated
only on the genera Curcuma L. (Leong-Skorni¢kova et al. 2007, Zaveska et al. 2011) and
Globba L. (Pospisilova 2012). The former described two linecages within Indian Curcuma
which corresponded with genome size and polyploidy levels. A major role was also played by

the modes of reproduction
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1.3.2.2 The estimation of ancestral characteristics

For estimating the ancestral values of a character, software comparing quantitative
variable (here the absolute genome size) with topology can be used. The packages included in
the statistical software R (R Core Team 2014) caper (Orme et al. 2013), ape (Paradis 2004)
and geiger (Harmon et al. 2008, or software BayesTraits (Pagel et al. 2004), Mesquite
(Maddison and Maddison 2007)

There are three parameters characterizing evolution (a maximum likelihood approach):
lambda, kappa, and delta (Orme 2013).

The lambda (L) parameter states how much the evolution of a character agrees with the
phylogeny. Thus, if A =1, the topology plays an important role in the evolution of the
character; if A = 0, the taxa are independent, i.e. there is no phylogenetic structure in the data.

The kappa (k) parameter estimates the gradualism of changes, i.e. the influence of
branch length on the nature of the character evolution. When « > 1, the longer branches
influence the evolution of the character more than the shorter branches, and when « < 1, more
changes happen on the shorter branches. k = 0 suggests that the evolution is punctualistic and
does not depend on the branch length.

Delta (8) measures the distance of the taxa from the root of the tree and suggests the
acceleration or deceleration of the evolution in regard to the given topology. 6 <1 indicates
adaptive radiation (fast initial evolution, followed by slower changes), while 6 > 1 suggests

adaptation and constant amount of changes in given time.
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3. Materials and methods

3.1 Collection of material

Protologues were researched for all species of Elettariopsis. Some scanned protologues
were available from the online databases Zingiberaceae Resource Centre
(http://elmer.rbge.org.uk/zrc/) and Kew Monocot checklist (http://apps.kew.org/wcsp/) or
online journals (e.g. Taiwania, Acta Botannica Yunnanica), others were kindly provided by
Mgr. Otakar Sida, Head of the Botany Department of National Museum in Horni Po¢ernice in
scanned form. Locations of the individual species’ holotypes, found in the protologues, were
mapped in the Google Earth application.

Type specimens of all species were downloaded from online databases and herbaria
(e.g. Musée National d’Historie Naturelle de Paris, Royal Botanic Gardens Edinburgh, Kew
HerbWeb) and in online storages (plants.jstor.org). Spirit material (flowers and fruits) was
examined in the herbarium in Royal Botanic Garden Edinburgh (further referred to as RBGE).
Live material was provided by.

For flow cytometry, living material was collected from botanic gardens (RBGE,
Singapore Botanic Garden [further SBG] and the Prague Botanic Garden in Trdja [further
PBG] or collected at sites of occurrence in South-East Asia by the researchers from
Department of Botany (see Appendix 6 for localities).

To include the greatest number of samples possible in the analyses, sequences of the
investigated regions (ITS, matK, DCS) of chosen Elettariopsis and Amomum species were
downloaded from GenBank (www.ncbi.nlm.nih.gov/genbank/), added to the dataset and
labelled by adding “GB” before the accession number from GenBank (Appendix 7). Some of
these had previously been used in the dissertation thesis of Jane Droop (2012). Some of the
sequences used (both Elettariopsis and Amomum and the sequences of other representatives of
Zingiberaceae used in the analyses) were obtained from the work of O. Sida et al. (unpubl.).

These samples are listed in Appendix 8.

3.2 Flow cytometry

Absolute genome size of the analysed plants was measured using flow cytometry
according to the method described by Dolezel et al. (2007). The measuring took place in the
flow cytometry laboratory of the Department of Botany of the National Museum in Horni

Pocdernice.
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The used standard was Bellis perennis (2C = 3.42 pg; Pospisilova 2012) the leaves of
which were collected nearby a bush in front of the building of the Biological Department of
the National Museum. Measurements were taken using Partec CyFlow® ML cytometer with
green laser (532 nm) and further analysed with the software Partec FloMax®.

About 0.5-1 cm? of the sampled leaf and the same amount of the standard was chopped
in 0.5 ml of ice-cold Otto I buffer (0.1 M citric acid monohydrate, 0.5% Tween 20; Otto
1990) in a small Petri dish using a new razor blade (each side of the razor was used only
once). The resulting suspension was filtered through a nylon mesh (42 p) into a test tube and
left standing for 10-20 min in laboratory temperature. Then 970 pl of colouring medium
consisting of Otto Il buffer (0.4M Na,HPO, .12H,0; Otto 1990), 1 ml of propidium iodide,
1 ml RNase IIA and 40 ul of B-mercaptoethanol (all three by Sigma) was added to each test
tube and left standing for about 8-10 min in laboratory temperature. Each sample was
measured three times on three different days. If a value differed by 2% or more from the
others, it was discarded and the sample was measured again on another day. Similarly,
measurements where the CV (coefficient of variation) values exceeded 4.0 were discarded
and the sample was measured again. An arithmetic mean was calculated from three acceptable
results.

Samples were collected into re-sealable plastic bags, moistened, labelled with
a permanent marker and stored in a refrigerator. Measurements were better if the sample was
not chopped too finely before filtration. As the leaf tissue is rather firm, the necessity to use
a fresh razor for each sample must be stressed to avoid crushing the nuclei.

After taking the final measurement, the remaining leaf tissue of each sample was cut
into parts approximately 1x2 cm in size and put into a labelled teabag. The teabags were then
placed in a re-sealable plastic bag with silica gel to dry.

3.3 DNA sequencing
3.3.1 DNA isolation

Samples of Elettariopsis and Amomum (Appendix 6) were used for DNA extraction.
About 20 mg of dried material was placed in a 2ml Eppendorf tube and two tungsten carbide
balls were added. The samples were handled by tweezers which were wiped with ethanol after
each sample. The Eppendorf tubes were placed into a mill (Retsch Mixer Mill MM400) and
ground for 3 minutes at 27,000 rpm.

Invisorb® Spin Plant Mini Kit (250) (Invitek) was used following a modification.
To the pulverized material, 450 ul of Lysis Buffer P and 20 pl Proteinase K was added. After
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adding 450 ul of Lysis Buffer P (as opposed to 400 in the original protocol) and Proteinase K
and incubation, the tubes were centrifuged for 30 s at 13,200 rpm on a Sigma 4-16K
centrifuge. Instead of the recommended 40 ul, only 5 ul of RNase A (10 mg/ml, Fermentas)
was added. For the first elution, 70 ul of Elution Buffer D was added and the mixture was left
to stand for at least 30 minutes (instead of 15). For the second elution, 50 ul of the elution
buffer was added and the samples were left to stand for at least 45 minutes.

Two elutions were obtained, of which the second one was usually diluted and used for
PCR preparation. In cases when the concentration of the second elution was too low
(habitually less than 20 ng/ul) or the DNA quality was bad, the first elution was used. The
concentration of isolated DNA was measured using NanoDrop 1000 (Thermo Scientific)
spectrophotometer.

3.3.2 PCR amplification

The DNA was diluted by Mili-Q water to obtain the concentration of 5 ng/ul in
a volume of 15 pl, and 10 ng/pl in a volume of 50 ul or 20 pl, depending on how much DNA
was needed. The primers (ITS primers ITS4 and ITS5, ribosomal matK primers K1F and
K2R_EZ, and nuclear DCS primers CHS-F1, CHS-R1 and CHS-R2) (Table 2) were used in
the concentration 25 pmol/pl. The PCR mixes were prepared for individual markers as is
shown in Appendix 1. The reaction was carried out in an Eppendorf Mastercycler and
Eppendorf Mastercycler ep S (gradient cycler). Individual cycles are described in Appendix 2.

Quality of the PCR products was assessed using gel electrophoresis. 2 ul of PCR
product with 1 pl of loading dye (or 3 pl of undyed product if Red polymerase was used)
were loaded onto a 1% agarose gel with one drop of ethidium bromide in a 1IXTAE buffer.
O ‘GeneRuler™ [00bp Ladder Plus (Fermentas) (Fig. 9.) was used as a size standard for all
samples. The gel was subsequently visualised in a computer using a UV transilluminator
(Herolab UVT-20M) and Gel Logic 100 imaging system and 1D Image Analysis software
(both by Kodak).
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Table 2. Primer sequences used in PCR and DNA sequencing.

DNA region Primer name | Primer sequence Reference
ITS4 5‘- TCCTCCGCTTATTGATATGC - 3° White et al. 1990
s ITSS 5‘- GGAAGTAAAAGTCGTAACAAGG - 3/ White et al. 1990
trnK1F 5'- CTCAACGGTAGAGTACTCG - 3/ Manos and Steele 1997
trnK2R_EZ 5'- AACTAGTCGGATGGAGTAG - 3' Zaveska unpubl.
miF 5'- GTTCAGTACTTGTGAAACGTT - 3¢ Kress et al. 2002
matk m5R 5'- AGGATCCTTGAAAATCCATAG - 3* Kress et al. 2002
miR 5'- CGTTTCACAAGTACTGAACTA - 3' Kress et al. 2002
mlF2_EZ Zaveska unpubl.
CHS-F1 (A) 5'- CGACTTCTATTTCCGGGTCA - 3' Zaveska et al. in prep.
CHS-F2 (A) 5'- CATCCCAAGTGATGCTTCC - 3' Zaveska et al. in prep.
Pes CHS-R1 (S) 5'- GCTCTTGAGGTGGAAGGTCA - 3' Zaveska et al. in prep.
CHS-R2 5'- CAGGGACCTTCTTCTTTTCAGA - 3' Zaveska et al. in prep.

3.3.3 DNA purification

For the majority of samples, the Gel/PCR DNA Fragments Extraction kit (Geneaid) was
used, following the enclosed protocol with some modifications: Milli-Q water prewarmed to
65°C was used instead of the elution buffer, and the column was left to stand for 10-15
minutes (the protocol states at least 2 minutes). Twenty to thirty microlitres of water was
added depending on the amount of product needed for the sequencing reaction.

Larger numbers of PCR products were purified using sodium acetate (NaOAc). To each
PCR product (16-20 pl), 2 ul of 3M sodium acetate and 50 pl of 96% ethanol was added
using a dispenser. The solution was mixed by vortex and centrifuged for 1 minute at 40 RCF,
then left to stand 10-15 minutes at laboratory temperature. Then the samples were centrifuged
again for 30 minutes at maximum speed (3700 rpm) in an Eppendorf 5804R Centrifuge, rotor
diameter 9.5 cm. The strips (in a stand) containing the samples were then opened, covered by
folded cellulose sheets, and a lid was placed over the cellulose. The stand was then placed
upside down into the centrifuge and centrifuged for 1 min at 40 RCF to drain the ethanol.
Then 100 pl of 70% ethanol was added to each sample and the samples were centrifuged for
10 minutes at maximum speed. The supernatant was then discarded the same way as
previously, using folded cellulose sheets. The stand with the opened strips was then placed
into a flowbox (turned off) and left standing for 5-10 minutes and finally the drying was
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finished by placing the strips in a thermomixer [ o w00 bp Plus DNA Ladder
(Eppendorf) for 5 minutes at 65°C. The DNA pellet was ?eﬁlf;”teoRl‘:iif 100 bp Plus DNA Ladder,
subsequently resuspended in 30-50 ul Milli-Q water. b NG/0.S g bp
Some samples were purified using the Agencourt® /z“c %0 co [
1500 280 56 a0
AMPure® XP kit (Agencourt Bioscience), following the éifm'; 2857;% ,;-_E :%&C}’
enclosed protocol for 96 well format. This kit works with a | % B 7o %E °§ - ZEE
ETd — B0 & .
. . . . . B - 500 800 160
suspension of magnetic balls, to which the desired DNA is |5 i 00 60 5%
g — 200 300 6.0 400
ligated and after purification it is washed off. Milli-Q = ~ 20 300 60
) $ _ 100 300 60 T
water was used as an elution buffer. 3
. . Z - 200
Samples which showed more bands in gel |7 =F=
.5 pafane, 8 cm length gel,

: . A . 1XTBE 5Vem, 1 h §
electrophoresis were purified using MinElute® Gel =
Extraction kit (Qiagen), following the enclosed protocol ;?: e

. . . . 0.5 pafane, 20 em length gel,
with slight modifications. To elute DNA from the e Bvem3n

MinElute column, 15 pl (instead of 10 pl) of prewarmed Figure 9. The O’GeneRuler 100bp
Ladder Plus used in gel electrophoresis.
water (65°C) was added to the membrane. The column (www.thermoscientificbio.com)
was then left to stand for 10 minutes (instead of 1 minute).
The concentration of the obtained DNA was measured on Nanodrop 1000 (Thermo

Scientific) spectrophotometer.

3.3.4 Sequencing reaction

The reaction was prepared to obtain a total volume of 8 pl. Each PCR product was
diluted by Mili-Q water to the volume of 7 ul and 1 pl of the primer was added. For ITS, only
the 1TS4 primer was used; for matK, five primers (K1F, mIR, m5R, mIF and mIF2_EZ) were
used (see Fig. 8.); for DCS, the primers CHS-R1 and CHS-R2 were used (for the primer
sequences, see Table 2.). For matK, the K2R_EZ primer was used at first, but in most cases it
did not produce good results, and was subsequently replaced by mIF2_EZ. However, in some
sequences mIF2_EZ did not join with mIF, as quite a long part of the sequence at the end of
mIF was bad quality/illegible and could not be used. The missing bases were replaced by Ns.

Sequencing was carried out in the DNA sequencing laboratory of Faculty of Science,
Charles University in Prague on a 3130xl Genetic Analyzer sequencer (Applied Biosystems)
with 50 capillaries on POP-7 polymer (Applied Biosystems). The capillary electrophoresis
was carried out in buffer with EDTA.

The BigDye® Terminator v3.1 Cycle Sequencing Kit was used with enhancing buffer
BDX64 (MACLAB) and Sequencing buffer (Applied Biosystems). The samples were purified
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by ethanol precipitation with 3 M sodium phosphate and resuspended in Hi-Di formamide
(Applied Biosystems). The reaction consisted of 35 respective cycles: 96 °C for 10 s, 50 °C
for 5 s, and 60 °C for 3 min.

For matK samples, the sequencing temperature was decreased, which remarkably
improved the legibility of the sequences in most cases. Even so, the matK sequences were
often bad quality and the PCR and sequencing had to be repeated multiple times to achieve
a legible sequence. Even so, some samples remain incomplete as some primers produced low
quality sequences even after multiple attempts.

Some DCS sequences contained many double peaks. This was probably caused by
multiallelic diversity. To be able to use those sequences, they would need to be cloned;
unfortunately, due to time restrictions this was not possible and only a limited proportion of

the dataset could be used in the analyses.

3. 4. Analysis of sequencing results
3.4.1. Sequence viewing, contig and alignment assembly

The sequences (obtained in *.abl and *.seq format) were viewed with the use of the
program FinchTV 1.4.0 (Geospiza, Inc.; http://www.geospiza.com/finchtv). Contigs were
created from the forward and reverse sequences using the programs SegMan 5.06
(DNASTAR) and Geneious 7.0.6 (Biomatters Ltd.). The contigs (saved in *.fas, FASTA
format) were then aligned using MAFFT algorithm (Multiple Alignment using Fast Fourier
Transform; http://www.ebi.ac.uk/Tools/msa/mafft/) with default setting.

The alignment was  further edited manually in  BioEdit 7.04.1
(http://www.mbio.ncsu.edu/bioedit/). Missing data was coded as N (any nucleotide) and
discrepancies were coded in accordance with IUPAC coding (Appendix 3). Discrepancies
which occurred in one sequence of the dataset only were considered to be polymerase errors
and removed. Exceptions were made in some cases where sequences from GenBank or those
acquired from Sida et al. (unpubl., Appendix 8) were used; discrepancies in these sequences
were sometimes left unchanged after thorough consideration, on the premise that they
originated from a reliable source. GenBank sequences were over 900 bp shorter than
sequences of other samples; the missing part was coded the same way as missing data in other

sequences, i.e. replaced with N.
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3.4.2 Samples used in phylogenetic analyses

A Bayesian analysis was carried out using ITS sequences of the targeted group and all
available samples of Alpinioideae to determine the position of Amomum and Elettariopsis
within the subfamily. This included all samples of Elettariopsis and Amomum, and the
samples downloaded from GenBank.

In the subsequent analyses, only samples belonging to the Elettariopsis+tAmomum group
as per Droop (2012) and Sida et al. (unpubl.) were used, along with some samples from
Droop’s A. maximum clade, which is sister to this group. The other Amomum group was not
taken into consideration as it was not the objective of this thesis to resolve the relationships
within Amomum.

Species used in the analyses are listed in Appendices 6.

3.4.3 Construction of phylogenetic trees

Alignments were converted from *.fas to *.nex and other formats using the online tool
Bugaco (https://app.bugaco.com/converter/biology/sequences/).

Outgroup was chosen on the basis of the previous findings of Sida et al. (unpubl.) and
contained representatives of the genera Renealmia and Aframomum. The species used are
listed in Appendix 8 with other samples therefrom.

Program jModelTest 0.1.1 (Posada 2008, Guindon and Gascuel 2003) was used to find
the optimal evolution model for Bayesian and maximum likelihood analyses on the basis of
the Akaike information criterion (AIC; Cavanaugh 2007).

For ITS, the chosen model was TPM3+G, which corresponds with the following
commands in PAUP: Lset base=equal nst=6 rmat=(1.5015 7.4973 1.0000 1.5015 7.4973 1.0000)
rates=gamma shape=0.3650 ncat=4 pinvar=0.

For matK, the TPM1uf+G model was chosen and the set of commands is as follows:
Lset base=(0.3452 0.1414 0.1468 0.3666) nst=6 rmat=(1.0000 1.5104 0.1437 0.1437 1.5104
1.0000) rates=gamma shape=0.0160 ncat=4 pinvar=0.

For DCS, the chosen model was HKY+G, and the commands are: Lset base=(0.1753
0.3217 0.3217 0.1813) nst=2 tratio=0.8906 rates=gamma shape=0.0160 ncat=4 pinvar=0.

PAUP* 4.0b10 (Swofford 2003) was used to conduct incongruence length difference
(ILD) tests (Farris et al. 1994) to determine whether it was possible to use concatenated
datasets — ITS with DCS, and ITS with matK. If the resulting p-value was lesser than 0.05, the

datasets were considered incongruent (they prefer significantly different evolutionary
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hypotheses). The concatenated datasets were also surveyed for incongruences in SplitsTree
4.12.8 (Huson and Bryant 2006).

PAUP* was also used to carry out maximum parsimony analyses. A heuristic search
was done, with 100 random sequence additions and no more than 100 trees of length greater
than or equal to 1 saved per replicate, TBR branch swapping, and the MulTrees option in
effect. Support for the nodes was evaluated with bootstrap analyses (Felsenstein, 1985).
A heuristic search was done, with the MulTrees option off, on 1000 bootstrap replicates with
random addition of sequences (100 replicates for each bootstrap replicate) followed by TBR
branch swapping.

For Bayesian inference, MrBayes 3.2.2 x86 was used with 15 million generations, nst =
2, rates = gamma and pinvar = (all).

For maximum likelihood analyses, GARLI 2.0 Web Service (molecularrevolution.org
Bazinet et al. 2014, Zwickl 2006) was used with 100 bootstrap replications, ratematrix =
2rate, statefrequencies = estimate, ratehetmodel = gamma and invariantsites = estimate.

For viewing the trees and for their further modifications (rooting, displaying bootstrap
values, modyfing ~ taxon  names) FigTree 140 (Rambaut  2006-2012,
http://tree.bio.ed.ac.uk/software/figtree/) and SplitsTree 4.12.8 (Huson and Bryant 2006) were
used. The trees were then converted to *.pdf format and viewed in Foxit Reader 6.2.0.0429
(Foxit Corporation 2004-2014), which was also used to map bootstrap values on maximum
likelihood trees. Bootstrap values from MP and ML analyses were rounded to a whole
number. Bootstrap values from ML analyses are given in decimal format, as they were in the
bootstrap consensus tree.

Only the trees from Bayesian inference analyses are presented in the Results, on which
the support from all three analyses (posterior probabilities from Bayesian inference, bootstrap
values from maximum likelihood analysis and bootstrap values from maximum parsimony

analysis) has been mapped.

3.4.4 ITS analysis including Alpinioideae

A Bayesian inference analysis was carried out on a dataset containing ITS sequence
data of all samples of Elettariopsis and Amomum of the targeted group and all available
Alpinioideae samples (Appendix 8; data and sequences obtained from Sida et al. unpubl.) to
illustrate the position of the Elettariopsis/Amomum group in the subfamily. The analysis was

done in MrBayes with the abovementioned setting on 158 taxa in total. Two samples of
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Tamijia and two of Siphonochilus were chosen as outgroup. Posterior probability values

higher than 0.95 were mapped above the branches.

3.4.5 Analyses of the individual markers

Three datasets of the individual marker sequences (ITS, matK, and DCS) were analysed
using Bayesian inference, maximum parsimony and maximum likelihood methods for ITS,
matK and DCS. There were 62 ITS, 58 matK and 33 DCS samples analysed in total.

The ITS dataset contains the highest number of samples, as it was the easiest to obtain
good quality sequences of this relatively short DNA Numerous accessions of Elettariopsis
and Amomum ITS sequences are also found on GenBank, as this marker had been used in
many of the major studies of the Zingiberaceae (e.g. Kress et al. 2002, Pedersen 2004, Xia et
al. 2004, Droop 2012). Twelve accessions from GenBank which were also used in Jane
Droop’s thesis were included into the dataset (see Appendix 7 for a list of all GenBank
sequences used in the analysis).

The number of samples in matK was lower than in ITS, and some of the sequences
remain partly incomplete. This is due to the difficulties experienced while sequencing the
matK primers (described above). Nine matK sequences were downloaded from GenBank,
namely those used by Droop (2012) which also had ITS counterparts.

There were no GenBank sequences used in the DCS dataset as no accessions of the
DCS marker could be found on GenBank for Elettariopsis or the targeted Amomum species.

Two samples of Renealmia (R. battenbergiana, R. polypus) and two samples of
Aframomum (A. alboviolaceum, A. chrysanthum) were used as outgroup. In the DCS analyses,
only Renealmia battenbergiana and the two Aframomum samples were used, obtained from
Sida et al. (unpubl.). Due to the low quality of many DCS sequences (see above), the number

of samples is much lower than that in the ITS and matK analyses.

3.4.6 Analysis of the concatenated ITS and matK dataset

A test of incongruence (ILD; Farris et al. 1994) was carried out to determine if the ITS
and matK datasets could be analysed as a concatenated dataset. The resulting p-value was
0.003 at maximum capacity of 1000 trees, which signifies that the topologies are incongruent
as it is lower than 0.05 (see above). However, when surveying the concatenated dataset in
SplitsTree and the trees from the separate analyses of both datasets, no major incongruences
in the clades were found; moreover, when the concatenated dataset was analysed the overall

support was stronger than in separate analyses. With this taken into consideration, the
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concatenated dataset was analysed by the three methods described above (Bayesian inference,
maximum parsimony and maximum likelihood) to obtain a comprehensive phylogeny of the
group.

For the modelling of genome size evolution (see below), sequences from GenBank were
removed from the dataset as there was no genome size data available for those. A Bayesian

inference analysis with the same setting was subsequently carried out on this dataset.

3.4.7 Modelling of genome size evolution

For the following analyses, program R 3.1.1 (version for 64 bit Windows; R Core Team
2014) was used. A Bl tree based on the concatenated ITS and matK sequences and containing
only sequences with known absolute genome size was used with a table of absolute genome

size values matched to the names of the taxa in the tree in the exact same order.

3.4.7.1 Reconstruction of ancestral characteristics

For this analysis, a Bayesian inference tree containing only sequences with absolute
genome size data was used. The reconstruction of ancestral genome size was carried out using
the package phytools (Revell 2012) implemented in R. The function contMap (mapping the
evolution of a continuous character on a tree) was used to plot a tree with mapped absolute
genome size. It uses the function fastAnc, which estimates states at internal nodes of the
phylogeny with the use of ML methods, and interpolates the states along each edge using
Felsenstein’s equation [2] (Felsenstein 1985, cited in Revell, in press.). Finally, the function
writeAncestors was used to create a tree (*.tre) file with ancestral character states stored as
node value (Revell, in press.). The set of commands used (developed by T. Fér) is enclosed in
Appendix 4.

3.4.7.2 Estimation of lambda, kappa and delta parameters

The parameters for inferring evolutionary change were estimated using the generalized
least squares method with the package caper (Orme et al. 2013) implemented in R. The
functions comparative.data (comparative dataset creation; this function matches rows of data
to the tips of the phylogeny) and pgls (phylogenetic generalized linear models; this
incorporates the covariance between the taxa into the calculation of estimated coefficients)
were used. A table of absolute genome size values for each taxon, in the same order as the
taxa in the tree and saved in *.txt format was used along with the BI tree in *.nwk (newick)

fomat. A conversion from newick to nexus (*.nex) format is implemented in the set of
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commands (see Appendix 5; commands were developed by T. Herben, modified by T. Fér).
The pgls function fits a linear model on phylogenetically non-independent data; the strength
and type of the phylogenetic signal in the data matrix can also be accounted for by adjusting
branch length transformations (lambda, delta and kappa) (Orme et al. 2013).

For estimating A, x and o, a set of commands (Appendix 5) was used to estimate the
parameters for the given data, plot the likelihood surface with a 95% confidence interval and

save the outcome as a “lambda/kappa/delta.png” file.

3.4.7.3 Genome size distribution in Elettariopsis
The genome size of the two groups (Group G and Group H) in Elettariopsis was
statistically compared using PAST 2.17 software (Hammer et al. 2001). A boxplot diagram

was constructed to show the variation in absolute genome size (2C) in the two groups.

3.4.8 Mapping the geographical distribution of Elettariopsis s. I.

The localities of samples belonging to the targeted group (all Elettariopsis with closely
related Amomum species together with the A. maximum group as defined by Droop, 2012)
were researched or obtained from J. Leong-Skorni¢kova (SBG) and O. Sida. The aim was to
obtain localities as exact as possible (ideally, GPS coordinates), but in some cases this was not
possible and the sample was only localised on the country level. These samples were not
mapped; all the samples that were mapped had at least the province specified.

Three major groups in the targeted group (chosen on the basis of phylogeny
reconstruction; see Results Fig. 11) were visualised on a map of South-East Asia using the
software GoogleEarth 7.1.2.2041 (Google, Inc. 2013). The groups (defined in Results,
chapter 3.3.) are coloured as follows: group C (A. maximum) — orange, A. repoeense —
turquoise, A. subulatum/A. petaloideum — red, group F (E. curtisii, E. kerbyi, E. stenosiphon)

—green, group G (E. triloba, E. elan, E. unifolia) — dark blue.
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4. Results

4.1 Analyses and materials used

ITS, matK and DCS sequence data from 62 taxa in total were analysed together with
13 sequences from GenBank used previously by Jane Droop (2012). 95 sequences were
obtained from Sida et al. (unpubl.). For some samples, only ITS sequences existed; the matkK
dataset was smaller due to obstructions which arose during sequencing (see Methods 11.4.1).
For the same reasons, only a sub-dataset could be used for analyses of the DCS region, and as
such it may not be very informative. There were too few sequences in DCS, so concatenation
was not reasonable as it would not bring any improvement in the results (also, the data proved
incongruent upon performing an ILD test).

Most taxa were collected on research expeditions to Vietnam, Laos, and Thailand,

while other countries of its distribution (such as Malaysia, Indonesia, China) were rather
poorly sampled, which may have led to a bias in biogeographical conclusions. For some taxa,
the exact localities were unknown (see Appendix 6); those were not mapped unless at least the
province was specified.
The three separate datasets and a concatenated dataset of ITS and matK were analysed using
Bayesian inference (MrBayes), maximum parsimony (PAUP) and maximum likelihood
(GARLI). The results of the analyses are presented here using Bayesian majority rule tree as
a representative phylogeny with posterior probability (PP) mapped on the corresponding
branches supported with PP>0.95. Bootstrap support values from MP and ML analyses are
mapped on the corresponding branches of the Bayesian tree to enable direct comparison of
performed analyses. The bootstrap values of MP analysis are rounded up to a whole number.

A dataset comprised only of own sequences and sequences obtained from Sida et al.
was used in genome size evolution analyses, as no genome size data exists for the sequences

downloaded from GenBank.

4.2 Phylogeny of the Alpinioideae based on ITS sequence data (Fig. 10)

The group of interest (Elettariopsis s. 1.) which includes all Elettariopsis species
together with three species of Amomum (A. subulatum, A. petaloideum and A. repoeense) is
forming a well-supported monophyletic clade (further called clade B) within the bigger group
involving the genera Elettaria, Aframomum and Renealmia and one of the Alpinia species in

an unsupported relationship (clade A). The remaining species of Amomum form a well-
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supported distinct group closely related to the genera Hornstedtia and Etlingera, making the

genus Amomum paraphyletic.

4. 3 Phylogeny of Elettariopsis s. |. based on ITS, matK and concatenated

data
4.3.1 ITS phylogeny (Fig. 11)

All three analyses used for phylogenetic reconstruction based on ITS data (MP, ML and
Bayesian analysis) resolved similar structures of basic relationships differing mainly in the BS
and PP values for particular groups. The results of the analyses are presented in Fig. 11 using
Bayesian majority rule tree as a representative phylogeny with posterior probability (PP)
mapped on the corresponding branches supported with PP>0.95. Bootstrap support values
from MP and ML analyses are mapped on the corresponding branches of the Bayesian tree to
enable direct comparison of performed analyses. The bootstrap values of MP analysis are
rounded up to a whole number.

An ingroup, strongly supported in relation to the outgroup (composed from the genera
Aframomum and Renealmia) comprised all Elettariopsis species and all species of Amomum
generally characterised by winged fruits and Indochinese origin (Vietnam, Laos, and
Thailand) (100% BS, 1.00 PP). Within the ingroup, there are two well-supported main
lineages sister to each other. The first (labelled as C in Fig. 11; PP 1.00, MP BS 96, ML BS
0.94) contains species belonging to the A. maximum clade (defined in Droop 2012) and the
second lineage (labelled as D in Fig. 11; PP 1.00, MP BS 94, ML BS 0.94) includes Amomum
subulatum, A. petaloideum, species from the A. repoeense clade (defined in Droop 2012), and
all Elettariopsis species (Elettariopsis s. s., further referred to as group E).

The internal structure of lineage D is poorly resolved based on ITS data only (but see
the concatenated dataset in Fig. 11) and four main groups can be recognized here
(A. repoeense, A. subulatum/petaloideum, and two groups of Elettariopsis — group F and
group G). Further structure within the particular groups will be described below based on the
concatenated dataset.

The overall support is higher than in matK analyses, and there are more well-supported
groups. The A. repoeense group, which here is well-supported (PP 1.00) is in matK only
moderately supported (PP 0.87) as sister to Elettariopsis s. s. (group E). The
A. subulatum/petaloideum group, which is here strongly supported (PP 1.00) as basal in
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relation to group E is in matK still strongly supported as a clade, but falls in between the
A. maximum group as sister to its members.

Group C and Group D, which here are strongly supported (PP 1.00), do not form
distinct groups in matK. The E. unifolia group (containing also the sample E. sp. Z329),
which here has support PP 1.00, is in matK supported only moderately (PP 0.81). The well-
supported clade formed by E. sp. samples Z641 and Z643, which here is sister to the rest of
the species in Elettariopsis Il group, are sister to each other in matK.

4.3.2 matK phylogeny (Fig. 12)

In the matK Bayesian analysis, the ingroup is strongly supported in relation to the
outgroup (PP 1.00) and contains both lineages of the ITS analysis (C and D). The matK
region was overall less variable than the ITS one.

The Elettariopsis s. I. (group E) is here supported only in BI (PP 0.96), while in the MP
and ML analyses it is not supported as a separate group and forms a group with There is no
clear distinction between groups G and H as defined in ITS, and the clades contained in those

two groups are mostly sister to each other.

4.3.3 Phylogeny based on concatenated ITS and matK dataset (Fig. 10)

Prior to using the concatenated dataset from ITS and matK data, a test of incongruence
(ILD; Farris et al. 1994) was run to determine if the ITS and matK datasets could be analysed
as a concatenated dataset. The resulting p-value was 0.003 at maximum capacity of 1000
trees. Therefore, p < 0.05, which signifies that the two regions prefer significantly different
evolutionary hypotheses (are incongruent). However, as can be seen from the evidence
written above, there are no incongruences which would have a strong influence on the major
group level; therefore the dataset was joined and analysed together. Moreover, when the
concatenated dataset was analysed the overall support was stronger. Three analyses of the
concatenated dataset were carried out (Bayesian inference, maximum parsimony and
maximum likelihood).

The major structure of this phylogeny (Fig. 10) is basically the same as in ITS and
matK, but some groups have better support. The detailed structure of this phylogeny is
described below. The first well-supported group (PP 1.00, ML BS 1.00) is group D
(Elettariopsis s. I.) which is sister to the A. maximum group. In the MP analysis, however, this
Group Gas only poor support (BS 49.5). Amomum in group D forms three distinct groups

which correspond with those described by Droop (2012): the most basal, weakly supported
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A. maximum group, a well-supported (MP BS 06.1a, PP 1.00, ML BS 0.94) A. repoeense
group and a well-supported (PP 1.00, MP BS 99.9, ML BS 1.00) A. subulatum/petaloideum

group.

Elettariopsis + Amomum |

Amomum ||

oy —

Figure 10. A Bl phylogeny (major rule consensus tree) based on ITS sequence data and including the targeted
group together with the Alpinioideae dataset. Posterior probabilities over 0.95 are mapped above branches.
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Figure 11. A phylogeny based on a concatenated dataset of ITS and matK sequence data, showing the main groups in clade B
The tree shown is the major rule consensus from Bl. Mapped above/below branches are the values of posterior probability/MP

bootstrap/ML bootstrap.
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Figure 12. A phylogeny based on ITS sequence data. The tree shown is the major rule consensus from BI; PP/MP BS/ML
BS values are mapped above branches. The groups are highlighted as defined in Fig. 10.
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Figure 13. A phylogeny based on matK sequence data. The tree shown is the major rule consensus from Bl; PP/MP
BS/ML BS values are mapped above branches. The groups are highlighted as defined in Fig. 10.
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Figure 14. A phylogeny based on DCS sequence data. The tree shown is the major rule consensus from BI;
PP/MP BS/ML BS values are mapped above branches. The groups are highlighted as defined in Fig. 10.
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Elettariopsis s. I. is weakly supported in Bl and MP (PP 0.52, MP BS 52.26), whereas
the support in ML is quite strong (BS 0.94). Elettariopsis s. s. (group E) forms a strongly to
moderately supported group (PP 0.99, MP BS 79.92, ML BS 0.74), which is not supported in
the MP and ML analyses of matK (Fig. 13), nor in the analysis of DCS (Fig. 14).

The Elettariopsis s s. group divides into two groups (group F, group G) with strong
support (PP 1.00 and 1.00, MP BS 86.1 and 94.66, ML BS 0.85 and 0.94), which contain
several seemingly monophyletic, strongly supported lineages. The more basal of these groups
(further referred to as group F) is well-supported (PP 1.00, MP BS 95, ML BS 0.95) and
contains E. curtisii, E. kerbyi, E. stenosiphon, E. rugosa and E. smithiae. The other group
(further referred to as group G) contains two lineages: a moderately supported (PP 1.00, MP
BS 94, ML BS 0.97) group formed by E. elan, E. triloba, E. unifolia and several E. sp.
samples, and a strongly supported (PP 1.00, MP BS 100, ML BS 1.00) group formed by the
two E. sp. samples Z641 and Z643.

These two groups are well-supported in the analysis of ITS of both the
Elettariopsis/Amomum group and the Alpinioideae (in ITS, the support is high for group F an
moderate for group G; Figs. 10 and 12) but in matK they fall apart into several unsupported
groups (Fig. 13). The DCS analyses produced results similar to those of matK, but due to the
insufficient sampling these results are not very reliable.

4.3.3.1 Group F

This group contains a moderately supported group of E. curtisii and affiliated E. sp.
samples (PP 1.00, MP BS 92, ML BS 0.88), and an unsupported group formed by E. kerbyi,
E. stenosiphon, E. rugosa, and E. smithiae.

The E. curtisii lineage consists of two groups. The first, with moderate support (MP
bstp 71.58) contains two sister E. curtisii samples from Trang Province in Thailand and a
small, weakly supported (PP 1.00, but MP BS 69, ML BS 0.59) group formed by three E. sp
samples (2299, Z637 and Z645), all originating from Lam Dong Province, Vietnam.

The second group is unsupported and contains two samples labelled as E. cf. latiflora
(Z121 and Z90) and the sample E. sp. Z642. In the matK analysis (Fig. 13) they form a
moderately supported (PP 1.00, MP BS 79, ML BS 0.81) group with Z642, whereas in ITS
Bayesian analysis (Fig. 12) Z90 is a part of a moderately supported (PP 0.98, MP BS 72, ML
BS 0.68) group with E. curtisii and Z121 and Z642 are sister to each other. It should be noted
here that the only about half of the sequences using sequencing primer of ITS4 of both Z90

and Z121 samples is good quality, and that both sequences become illegible at the same
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position. All three samples originate from Singapore, where Z90 grows at Bukit Timah, while
Z121 and Z642 are found at the Nature Trail near MacRitchie Reservoir. According to
J. Leong-Skorni¢kova (pers. comm. May 2014), samples Z121 and Z90 supposedly belong to
the species E. latiflora Ridl. This species is currently not accepted and considered a synonym
of E. curtisii, and it may be necessary to restore it. Before doing this, however, it is necessary
to analyse the DNA of a specimen from the type locality of E. curtisii first; unfortunately this
could not yet be done in these analyses, but it will be a part of future research.

The E. kerbyi lineage is composed of two groups. The sample Z720 (E. smithiae) alone
is strongly supported (PP 1.00, MP BS 100) as basal to the remaining samples, while
a weakly supported (PP 0.97, but MP BS 75, ML BS 0.62) group is formed by the remaining
three species. E. kerbyi and E. stenosiphon are moderately supported as a group (PP 0.99, MP
BS 94, ML BS 0.92). Most samples in group F had been collected in Malaysia; E. stenosiphon
originates from Indonesia (Droop 2012).

In the ITS analysis (Fig. 12) the E. kerbyi lineage is moderately supported (PP 0.98, MP
BS 82, ML BS 0.68), but the overall internal pattern does not differ much from the combined
ITS and matK analysis. In matK (Fig. 13), however, this lineage is not supported. In the
separate analyses, the support for E. kerbyi and E. stenosiphon is much stronger (ITS pp 0.95,
matK pp 0.96).

4.3.3.2 Group G

This group contains a strongly supported basal lineage formed by E. sp samples Z641
and Z643, and several moderately to strongly supported groups formed by E. elan, E. triloba,
E. unifolia and several E. sp. samples.

In the ITS analysis the overall pattern in this group remains very similar with a few
slight variations, and the support is slightly higher, while in the matK analysis the lineages are
still strongly to moderately supported by themselves but do not cluster together.

The Z641+Z643 lineage is strongly supported (PP 1.00, MP BS 100, ML BS 1.00) and
consists of two undescribed samples, both originating from Malaysia. In the ITS analysis this
group is fully supported in BI, MP and ML, while in the matK analysis both samples are sister
as part of an unsupported group with E. kerbyi.

The E. elan/triloba/unifolia lineage is well-supported (PP 1.00, MP BS 97, ML BS
0.95) and consists of three strongly supported groups and several E. sp. samples which do not

cluster together. The sub-groups of this group are described in detail below.
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The E. elan/E. triloba subgroup. This group is moderatelz supported (PP 1.00, MP BS
94, ML BS 0.97) and consists of two smaller groups formed by E. elan and E. triloba.
The group formed by E. triloba is well-supported (PP 1.00, MP BS 100, ML BS 1.00) and
contains a sample of E. triloba together with two E. sp. samples. All three samples had been
collected in Bong Nai Province in Vietham. The second small group is less supported (PP
1.00 but MP BS 94, ML BS 0.80) and contains an E. elan sample and two E. sp. samples
(2639 and GB_AF478747). E. elan (Z24) and E. sp. Z639 were collected in Malaysia.
The third sample is listed in Jane Droop’s work (2012) as originating from Myanmar, but in
the NMNH collection database (http://collections.nmnh.si.edu) its origin is Singapore.
Unfortunately, no excact location is known, so it is unclear if this is a sample from the
collections or if it was collected in the wild.

In the ITS analysis (Fig. 12) the groups and their composition do not change, but the
support is higher; in the matK analysis the E. elan group is maintained but unsupported, and
the samples of the E. triloba group remain sister to each other.

The E. unifolia subgroup. This is also a well-supported group (PP 1.00, MP BS 100,
ML BS 1.00) containing a moderately supported (PP 1.00, MP BS 93, ML BS 0.94) group
consisting of E. unifolia and affiliated E. sp. samples, and the sample E. sp. Z329, which is
strongly supported as basal to this group. The same arrangement is maintained in the ITS
analysis. In the matK Bayesian analysis a group is formed by the same species, but with no
support.

2644 and Z660. A well-supported (PP 1.00, MP BS 96, ML BS 0.95) group is formed
by E. sp. samples Z644 and Z660. These two samples form a well-supported group also in the
ITS and matK analyses, and also have similar genome sizes (12.7 pg and 13.01 pg). These are
probably two specimens from the same population or even two clones of the same plant, as
one of these samples comes from SBG and one from RBGE, but both were collected by Tran,
H.D in the Bolikhamsai province in Laos.

Other samples: E. mirantha, ined. (Z439) and E. sp. samples 2104, Z303, Z458 and
Z635 are each strongly supported as sister to the groups described above. Most of these
specimens were collected in Vietnam, in provinces Quang Nam, Khanh Hoa, Kon Tum and
Thira Thién - Hué. E. sp. Z635 originates from Laos. In the ITS analysis, “E. mirantha”, ined.
forms a well-supported group with a lineage consisting of Z458 and Z104, which are
considered to be a new species (J. Leong-Skorni¢kova, pers. comm. May 2014). Z104 (which
has flowered in the PBG) resembles “E. mirantha” morphologically (Leong-Skorni¢kova,

pers. comm. July 2014). Both Z104 and Z458 have genome size of approximately 8 pg. In
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matK Bayesian analysis Z104 falls with weak support as sister to the E. kerbyi/E. stenosiphon
group, while Z439 and Z458 are sister to the Z644+Z660 group.

4.3.4 Phylogeny based on DCS

As was already mentioned in Methods (chapter 2.3.4.), the sequencing of DCS was
problematic and only a limited dataset could be obtained. To obtain a better resolved
phylogeny, some samples from the other group of Amomum (as defined by the ITS analysis of
the Alpinioideae) were also included. These samples form a distinct basal clade in the
phylogeny, while the resolution of clade B (Elettariopsis s. I. together with A. maximum
clade) is similar to that of matK, but less supported. Most samples of the targeted group
included in the dataset belong to Group G.

A test of incongruence (ILD; Farris et al. 1994) was run with ITS and matK datasets to
determine whether the sequences could be used in a concatenated dataset. The resulting
values were p = 0.003 for ITS and p = 0.001 for matK, which in both cases indicates that the
two data sets are incongruent. Here the data was not further considered for concatenation as

the sampling of DCS was poor and it would probably not improve the topology in any way.

4.4 Modelling of genome size evolution

The absolute genome size (2C) was reconstructed on a Bl phylogeny from concatenated
ITS and matK data without GenBank accessions, as there was no absolute genome size data
available for those. Subsequently, the parameters of character evolution were estimated and
a boxplot was generated in PAST 2.17 (Hammer et al. 2001) to show the differences in
genome size in groups F and G.

The reconstruction of absolute genome size evolution (Fig. 15; created in the phytools
package in R; Revell 2012) shows that group B (Elettariopsis s. I. with the A. maximum clade)
has greater absolute genome size than the outgroup. Group E (Elettariopsis s.s.) is clearly
divided as group F has overall smaller genome size than group G.

In group B, the sample with the largest genome size was E. sp. Z303 (2C = 15.52 pg)
and the sample with the smallest genome size was A. subulatum (2C = 3.50). The median was
2C =6.28 pg and mean 2C = 6.76 pg (values calculated in MS Excel 2010).

In group E, the sample with the smallest genome size was E. sp. Z637 (5.39 pg), the
median was 2C = 6.42 pg and the mean was 2C = 7.38 pg.
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For better illustration of absolute genome size variation in the two groups, a boxplot
diagram created in PAST 2.17 is shown below (Fig. 16).

2253 FCM 407 Renealmia battenbergiana
Z575 FCM 140 Renealmia polypus
Z236 FCM 394 Aframomum alboviolaceum
Z22 FCM 182

Z686 FCM 725 Amomum maximum
2442 FCM 693 Amomum aff glabrum
2Z559 FCM 719 Amomum sericeum ]
Z666 FCM 622 Amomum sericeum

Z662 FCM 1328 Amomum sericeum
Z665 FCM 1336 Amomum repoeense
2429 FCM 690 Amomum aff plicatum
Z456 FCM 683 Amomum repoeense
D 2491 FCM 225 Amomum sp
Z450 FCM 691 Amomum repoeense
Z96 FCM 292 Amomum petaloideum
= Z81 FCM 276 Amomum subulatum
Z720 FCM 1358 Elettariopsis smithiae
Z7 FCM 185 Elettariopsis rugosa
Z355 FCM 156 Elettariopsis rugosa
2542 FCM 1289 Elettariopsis sp
F 0 FCM 313 Elettariopsis cf latiflora
Z121 FCM 316 Elettariopsis cf latiflora
664 FCM 1325 Elettariopsis curtisii
2490 FCM 024 Elettariopsis curtisii
Z645 FCM 1330 Elettariopsis sp
Z637 FCM 1281 Elettariopsis sp
Z299 FCM 421 Elettariopsis sp
Z643 FCM 1284 Elettariopsis sp
2641 FCM 1285 Elettariopsis sp
13 FCM 425 Elettariopsis sp |
— 2104 FCM 246 Elettariopsis sp [
{ Z660 FCM 1321 Elettariopsis sp ]
2644 FCM 1279 Eiettariopsis sp |
G Z635 FCM 1277 Elettariopsis sp T
. 2458 FCM 679 Elettariopsis sp |
m— Tl 030 FCM 692 Elettariopsis sp ]
™ 2639 FCM 1276 EIerranopsrs sp |
« Z24 FCM 201 Elettariopsis elan |
292 FCM 295 Elettariopsis triloba [
L 2646 FCM 1331 Elettariopsis sp ]
8 FCM 424 Elettariopsis sp |
2329 FCM 422 Elettariopsis sp

y_n

,3,‘ Z661 FCM 1326 Elettariopsis sp

ZZngeFZ(f;M 1228652551ertanop=ls sp

= M 1. lettariopsis sp

178 trait value 15.52 4 FCM 423 Elettariopsis aff unifolia
-_—

2123 FCM 294 Elettariopsis unifolia
length=0.012

[ T T 1
0 5 10 15
Figure 15. A reconstruction of absolute genome size (2C) evolution, visualised on a Bayesian inference

phylogeny in R with the use of ML methods. Barplots on the right represent absolute genome size in
individual taxa.
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Figure 16. A boxplot made in PAST showing the absolute genome
size in group F and group G.

The lambda, kappa and delta parameters were estimated in caper (Orme et al. 2013;

Fig. 17) as can be seen in Table 3 below. The estimate of lambda (A) was equal to 1, which
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suggests that topology plays an important role in the evolution of absolute genome size in
group B. The estimate of kappa (x) was higher than 1, indicating that the longer branches
have more influence on evolution. Delta (6) was also estimated as higher than one, which
suggests adaptation and constant change in absolute genome size over time rather than

saltation or adaptive radiation.

Table 3. Estimates of the lambda, kappa and delta parameters and their confidence intervals in caper
package.

Parameter Estimate by caper 95%.conf|dence
interval
A 1.000 0.993-NA
K 1.777 1.315-2190
[ 1.462 0.491-2.524

logLik
logLik
B
1
logLik

0.0 0.2 04 08 08 1o 0.0 05 1.0 15 20 25 30 0 1 2 3 4 5 6 7

lambda kappa delta

Figure 17. Plots of the parameters lambda, kappa and delta respectively, generated using the caper
packege in R, for absolute genome size (2C). The 95% confidence interval is represented by red dotted lines.

The ancestral values of absolute genome size were estimated also in phytools (Revell
2012) and mapped on a Bl phylogeny from concatenated ITS and matK regions (the same as
the one used for visualising genome size) using the command writeAncestors. The resulting
tree can be seen in Fig. 18. As can be seen from this estimation, there is an increasing trend in
absolute genome size evolution.

The ancestral absolute genome size is estimated to be 2C = 4.9 pg for group B
(Elettariopsis s. I. and A. maximum clade), 2C = 5.51 pg for group D (Elettariopsis s. 1.) and
2C =5.74 pg for group E (Elettariopsis s. s.).

Within group D, there is a decrease in the A. subulatum/A. petaloideum group and
increase in group E, which agrees with the absolute genome size data in Fig. 15 and suggests

that the genome size in Elettariopsis has increased.
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The evolution of absolute genome size has clearly been different in groups F and G, as

group F shows a decrease in the estimated ancestral values (from 7.36 to 6.47) and group G

shows an increase (from 7.36 to 9.87). Group G, where the sample with the highest absolute

genome size (E. sp. Z303) is found, shows further increase in some lineages (such as the one

formed by E. sp. species Z644 and Z660) and decrease in others (such as the E. unifolia

lineage), but the overall trend is decreasing.
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Figure 18. A Bayesian inference phylogeny with estimates of the ancestral states of the absolute
genome size (2C) mapped on the branches using the package phytools in R. Green and red lines on
branches show increase and decrease in the absolute genome size, respectively.
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4.5 Geography

The localities of samples used in the analyses (see Appendix 6) were recorded onto
a map of South-East Asia (Fig. 19). It can be seen that the representatives of the A. maximum
clade (orange) together with A. petaloideum and the type species of Amomum, A. subulatum
(red) are the northernmost distributed groups (A. subulatum being the only species found in
India), while the representatives of Elettariopsis (dark blue) together with the A. repoeense
subgroup (turquoise) are distributed more in the south-east. Samples of Elettariopsis form two
distinct groups in terms of geography: group F (dark blue) has a more northern distribution
and does not occur in southern Thailand and peninsular Malaysia, while group G (green) is

distributed chiefly in the south and reaches to Singapore and Borneo.

Figure 19. The geographical distribution of Group B (Elettariopsis s. |. and A. maximum). The legend is
as follows: group C —orange, A. repoeense group — light blue, A. petaloideum + A. subulatum — red,
group F —dark blue, group G — green.
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5. Discussion

A dataset containing samples of Elettariopsis and several Amomum species was
analysed with the use of flow cytometry, molecular, phylogenetic, and statistical methods. For
the first time, Amomum subulatum Roxb., the type species of the genus Amomum, has been
included into the analysis to elucidate its position in the one or another main lineages of
Amomum. A well-resolved phylogeny was obtained based on the concatenated dataset of the
ITS and matK regions. Phylogenetic relationships were compared with patterns of absolute
genome size and its ancestral states and with the geographical distribution of the targeted
group. The results of these analyses are discussed below.

Unfortunately, many specimens used in this thesis are undetermined or are determined
only provisionally. Therefore, the main objective of the molecular phylogeny reconstructions
presented here is to observe the structure in the group of interest to see the relationships
between these “undetermined species”, i.e. how they cluster together. The next step then
would be a classification of these specimens and their sorting into different species using the
results of molecular analyses. Of course, morphological characters should not be overlooked
during this determination; however, for this it is necessary to have a specimen available in
a greenhouse and observe it in flower (and, ideally, in fruit), which is often difficult to
achieve. Many specimens have not yet been seen in flower, and the number of these increases

with new field expeditions, which further complicates the matter.

5.1 Position of Elettariopsis within the Alpinioideae and the polyphyly of

Amomum

A set of ITS sequences for 157 taxa containing the Elettariopsis s. |. dataset and all
available sequences of the Alpinioideae (obtained from Sida et al. unpubl.; Appendix 8) was
analysed to determine the position of Elettariopsis and the examined Amomum specimens in
the subfamily. The resulting phylogeny (Fig. 10) clearly shows that Amomum is polyphyletic
and divided into two separate groups of which one can be found in the “Renealmia clade” of
Kress et al. (2002) together with Elettariopsis, Aframomum and one species of Alpinia and the
other one is separated and sister to Etlingera and Hornstedtia.

Within the “Renealmia clade”, clade B (Elettariopsis together with A. subulatum, A.
petaloideum and A. repoeense) forms a strongly supported monophyletic clade together with

the A. maximum group (defined by Jane Droop, 2012; clade A). These results agree with the
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previous findings of Kress et al. (2002), Xia et al. (2004), Droop (2012), and Sida et al.
(unpubl.) and confirm the position of Elettariopsis within the Renealmia clade of Kress et al.
(2012). Amomum subulatum Roxb., the type species of Amomum, has not been used in the
previous studies; however, it was expected by Jane Droop (2012) to fall in the A. maximum
clade, as it has winged fruits. This is confirmed here, as A. subulatum forms a well-supported
group with A. petaloideum which, like in the previous studies, is placed sister to Elettariopsis.

In accordance with the results of Xia et al. (2004), all specimens of Amomum grouping
with clade B have winged or ridged fruits, corresponding with their “Maximum” and
“Sericeum” type, while Amomum species grouping with Etlingera and Hornstedtia have

echinate fruits (Droop 2012; Otakar Sida, pers. comm. May 2014).

5.2 Relationships among Elettariopsis, Amomum and A. subulatum

(group B)

This clade, which includes all Elettariopsis accessions together with three species of
Amomum (A. subulatum, A. petaloideum and A. repoeense), is a well-supported monophyletic
clade. In the present analysis it is grouped with the A. maximum group (defined by Jane
Droop, 2012), here labelled as group C) with good support in Bl and ML (1.00, 1.00). This
grouping corresponds with the results of Droop (2012) and Xia et al. (2004).

All species in group C have winged (Xia’s Maximum type) fruits or ridged (Sericeum
type) fruits. The determined Elettariopsis species which were included in the analysis have
ridged fruits (Kam 1982), belonging to the Sericeum type of Xia, and according to Otakar
Sida (pers. comm. May 2014), there are no other types of fruits present in this group than
ridged or winged. Therefore, it could be speculated that all species of Elettariopsis will have
ridged or winged fruits as they fall into the same group. The entire group covering both
Amomum and all Elettariopsis species is very morphologically diverse and in many cases it is
hard decide if the species is a representative of the genus Amomum or Elettariopsis based on
morphology only. For example, A. biflorum has inflorescences with only few flowers, while
this is one of the main distinguishing characters of Elettariopsis (Droop 2012).

5.3 Relationships within Group D - Elettariopsis, A. repoeense, A.

petaloideum and A. subulatum
In the analysis of Kress et al. (2002), Elettariopsis was supported with BS 99, but only

three accessions were used. In previous analyses, Elettariopsis was only weakly supported as
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a clade (Xia et al. 2004) or collapsed in the strict consensus (Droop 2012). However, Droop
notes that with the addition of more samples, the support for Elettariopsis may increase; this
is indeed observed in the concatenated analysis of ITS and matK regions, where Elettariopsis
s. s. (group E; Fig. 11) is moderately supported (PP 1.00, MP BS 80, ML BS 0.74), but in the
individual datasets the support is not as high. It is possible, however, that with more thorough
sampling and the use of more genes the support of Elettariopsis might increase further.

The fact that A. subulatum falls into the strongly supported clade which also contains
Elettariopsis gives rise to a question if Elettariopsis should be maintained as a genus in the
future. With more extensive sampling and the use of more genes in the phylogeny, it is
possible that Elettariopsis will be strongly supported as a genus; in that case, only
A. subulatum and A. petaloideum will belong to the genus Amomum. The other solution is the
inclusion of Elettariopsis in Amomum, in case of which the other group of Amomum would
probably need to be given a new name as it is completely separated from the clade containing

A. subulatum.

5.4 Relationships within Elettariopsis s. s. (group E)

In Jane Droop’s work (2012), Elettariopsis is represented only by eight accessions;
however, even these accessions form clades corresponding to their taxonomic names, namely
E. triloba and E. curtisii. Out of these eight samples six were used in this thesis, of which
only three could be used in the concatenated dataset as there were no matK sequences
available for them in GenBank.

Both the ITS analysis and the concatenated analysis of ITS and matK regions (Figs. 12
and 13) support the partition of Elettariopsis into two distinct groups (here called group G and
group H) which correspond well with absolute genome size patterns (Fig. 15). Group G
contains the species E. curtisii, E. kerbyi, E. stenosiphon, E. rugosa, E. smithiae and E. cf.
latiflora together with some undetermined Elettariopsis samples. Group H comprises E. elan,
E. triloba, E. unifolia and E. mirantha, ined, with other undetermined Elettariopsis samples
and an accession of E. smithiae from Jane Droop’s work which will be discussed later. The
groups are discussed in further detail below.

In the matK analyses the Elettariopsis clade is much less resolved. This is probably due
to the overall lower variability of chloroplast DNA, but it is probably also influenced by the
fact that parts of some sequences are missing. This was caused by from the problematic

sequencing of matK (see Methods 3.3.4) and, in some cases, by the impossibility of creating
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a full consensus sequence from primers mIF and mIF2_EZ as the end of the mIF primer was
illegible. It is curious that this happened only in some of the analysed samples; in future
analyses the primers may need to be modified to be able to obtain a full matK sequence in all
samples.

Despite these restrictions, the matK analyses confirm the topology of some of the
groups, such as the A. repoeense group, the E. triloba group or the E. unifolia group (Fig. 11).

In the analysis of the nuclear low-copy gene DCS, Elettariopsis is poorly resolved
mainly due to poor sampling, which was caused by problems that arose during sequencing
(see Methods 3.3.4). Only a reduced dataset could be used as other sequences contained many
double peaks, signifying intraindividual allelic variability. This was also observed in a study
on Curcuma L. conducted by Zaveska et al. (in prep.), where multiple alleles were detected in
some individuals. In future analyses the DCS sequences will need to be cloned and the cloned
sequences analysed separately, to inspect the sources of this variation. Such patterns may
indicate either the presence of more than one copy of the gene in several Elettariopsis
genomes, or past events of hybridization (as reviewed by Knowles and Kubatko 2010). It is
noteworthy that more occurrences of multiallelic variability were observed in group F of
Elettariopsis (comprising E. curtisii and E. kerbyi groups) than in group G (comprising E.
triloba, E. elan and E. unifolia). As a result, most samples present in the analysis belong to
group H.

The two groups F and G seem to correspond to C. K. Lim’s (2003) division by
inflorescence type. He notes that E. triloba, E. elan and E. slahmong have clustered flowers in
cincinni, and E. burttiana, E. curtisii, E. exserta, E. latiflora, E. smithiae, and E. rugosa have
“single flowers along a basal rhizome and scape” (Lim 2003: 209). Only some species from
his list have been used in this analysis; however, it is evident that species with the same
inflorescence type form two distinct groups, i.e. group F comprises species with single
flowers and group G those with clustered flowers in cincinni. Therefore, the inflorescence
type could be a useful distinguishing character within Elettariopsis; an analysis comprising
more accessions of determined species would be in order to examine this in more depth.

The samples E. triloba GB_ AY769831 and E. sp. GB_AF478747 used by Jane Droop
fell into group M in both the ITS and concatenated analyses. The sample GB_ AY769831 was
used only in the ITS analysis (no sequence was available on GenBank for matK) and grouped
with E. triloba as expected, while GB_AF478747 grouped in all three analyses with E. elan. It

can therefore be assumed that this sample is an accession of E. elan.
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Jane Droop’s sample GB_AY352013, labelled as E. smithiae, fell into the less resolved
part of group H and formed a strongly supported clade with E. sp. Z635. However,
a determined species of E. smithiae (Z720) fell into group G of Elettariopsis. While Z720 was
collected in Malaysia, where lies the type locality, GB_AY352013 was collected in Loei,
Thailand. According to Jana Leong-Skorni¢kova (pers. comm. May 2014), E. smithiae does
not occur so far north in Thailand; other sources, (Kam 1982 or Picheansoonthon and
Yupparach 2007) also list only collections from JW Thailand. A photograph of the flower in
the NMNH collections database (http://collections.nmnh.si.edu) and compared to the drawing
in the protologue (Kam 1982). The flower in the photograph has a differently shaped anther
crest than that in the protologue, which was a further confirmation of the fact that
GB_AY352013 is indeed not E. smithiae, but rather a different species belonging to group H.

The E. sp. samples Z641 and Z643, which are strongly supported as a group within group
G in all analyses, are a possible new species. Similarly, E. sp. samples Z644 and Z660 form

a strongly supported clade within the same group.

5.5 Patterns in genome size and its evolution

The absolute genome size (2C) of samples belonging to the targeted group was
measured using flow cytometry and its evolution was reconstructed with the use of maximum
likelihood methods. Estimates of the lambda, kappa and delta parameters were computed and
ancestral states of the absolute genome size were estimated and mapped onto a Bayesian
inference phylogeny.

The lambda parameter was estimated to be equal to 1, which confirmed a strong
relationship between the phylogeny and the evolution of absolute genome size. Kappa was
estimated to be higher than 1 (1.777; see Table 3), suggesting a stronger influence on the
genome size evolution by the longer branches. Finally, delta also exceeded 1 (1.462), which
implies that the genome size in Elettariopsis did not undergo adaptive radiation, but changed
constantly over time.

Upon comparation of these results with the phylogeny, it was observed that group B
(Elettariopsis s. |. together with the A. maximum clade) has higher absolute genome size than
the outgroup (Aframomum and Renealmia). Within group B, the smallest genome size was
found in A. subulatum, while the greatest was present in Elettariopsis. The high values of

absolute genome size probably indicate polyploidy, but as little is known about the

60



chromosomes of Elettariopsis, this has yet to be confirmed by a study involving the counting
of chromosomes.

The evolution of the absolute genome size confirmed the division of Elettariopsis into
two groups, and the estimates of ancestral characteristics in these groups showed that while in
one (group F) genome size decreased over time, in the other (group G) it increased. However,
the overall trend in ancestral genome size was decreasing.

A study with larger sampling, exploring the genome size and chromosome numbers in

Elettariopsis is in order to better understand and explain these patterns.

5.6 Geographical distribution of Elettariopsis and its correlation with

phylogeny

Mapping the geographical locations of the samples on a map of South-East Asia
showed that like the absolute genome size, the biogeography of Elettariopsis corresponds
with the main phylogenetic patterns within the group. The A. maximum clade occurs in the
north, including China, but does not occur further south than the north of Vietnam.
Contrastingly, no species of Elettariopsis occur in China, and the distribution of the genus
encompasses also Singapore and Indonesia (Borneo).

The distribution also supports the two groups found in Elettariopsis (F and G), as
group F, which includes E. curtisii, E. kerbyi, E. stenosiphon, E. smithiae and E. rugosa is
distributed mainly in Vietnam, Laos, Thailand and Myanmar, while group G, comprising
E. triloba, E. elan, E. unifolia and E. mirantha, ined. occurs chiefly in Peninsular Malaysia,
Singapore, and Borneo.

More samples with exact localities (ideall, GPS coordinates) are needed for a more
thorough examination of this distribution; however, this is problematic as the origin of many

specimens is unclear and so is their nativity to the given area.
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6. Conclusion

Analyses were performed on Elettariopsis Baker and closely related species of
Amomum Roxb. using molecular (ITS, matK and DCS) and phylogenetic (Bayesian inference,
maximum parsimony, maximum likelihood) methods and observing the absolute genome size
(2C) and geographical distribution in the group.

Amomum subulatum Roxb., the type species of Amomum which has been sampled for
the first time, is strongly supported together with A. petaloideum (S.Q. Tong) T.L. Wu as
basal to Elettariopsis. This gives rise to a nomenclatural question whether Elettariopsis will
be maintained as a genus, or if it will be included in Amomum. More extensive sampling and
a phylogeny based on more genes is probably needed to resolve this question, but it is
possible that the support of Elettariopsis as a genus will increase with the number of
accessions used.

Two distinct groups were recognized within Elettariopsis, one comprising E. curtisii,
E. kerbyi, E. stenosiphon, E. smithiae and E. rugosa (group F) and the other including
E triloba, E. elan, E. unifolia and E. mirantha, ined. (group G). These two groups are clearly
distinguished not only in the molecular analyses, but also by the reconstruction of evolution of
the absolute genome size in the genus (the members of group G have larger genomes) and by
their biogeographical distribution (group F occurs mainly in the northern part of the
distribution of Elettariopsis, while group G is distributed chiefly in the south, including

Indonesia).
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Appendices

Appendix 1. The PCR mixes used for individual markers.

Region Mix contents (for 1 sample) Concentration | Amount (pl)
Mili-Q H,0 10.35
5x MyTaq™ Reaction Buffer Red (Bioline) 3.0
Forward primer (ITS4) 25 pmol/ul 0.375
ITS Reverse primer (ITS5) 25 pmol/ul 0.375
MyTaq™ polymerase (Bioline) 5U/ul 0.15
Total 14.2
DNA added 0.8
Mili-Q H,0 11.2
5x Hi-Fi Buffer 4.0
dNTP 2.0
Forward primer (trnK1F) 25 pmol/ul 0.4
matK Reverse primer (trnK2R_EZ) 25 pmol/pl 0.4
DMSO 0.6
Velocity™ polymerase (Bioline) 0.4
Total 19.0
DNA added 1.0
Mili-Q H,0 10.35
5x MyTaq™ Reaction Buffer Red (Bioline) 3.0
Forward primer (ZingF) 25 pmol/pl 0.375
DCS Reverse primer (ZingR) 25 pmol/pl 0.375
MyTaq™ polymerase (Bioline) 0.15
Total 14.25
DNA added 0.8

69




Appendix 2. PCR cycles used.

Region Polymerase Temperature (°C) Duration Repeats
95 1 min
95 20s/30s
I 55 50 s/1 min 35x
ITS MyTaq™ (Bioline) 7 1 min
72 15 min
10 oo
98 2 min
98 30s
v D 61 30s 35x
matk Velocity™ (Bioline) - Tmin30s
72 10 min
10 oo
95 1 min
95 1 min
T 60 1 min 35x
DCS MyTag™ (Bioline) - T mmin 30 s
72 10 min
10 oo
Appendix 3. IUPAC codes used in alignment edition.
(http://www.bioinformatics.org/sms/iupac.html)
IUPAC nucleotide code Base
A Adenine
C Cytosine
G Guanine
T (or U) Thymine (or Uracil)
R AorG
Y CorT
S GorC
w AorT
K GorT
M AorC
B CorGorT
D AorGorT
H AorCorT
V AorCorG
N any base
.or - gap
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Appendix 4. A set of commands used to map absolute genome size and estimate ancestral
states in the package phytools implemented in R. Developed by T. Fér, 2014.

library (phytools)

tree = read.newick("noGB.nwk")
data = read.csv("noGB.csv")
datal<-as.vector(dataScvalue)
names(datal)<-dataStaxon

layout(matrix(c(1,2),1,2),¢(0.7,0.3))
xx<-contMap(tree,datal,fsize=0.7,mar=c(4.1,1.1,1.1,0),res=200,plot=FALSE)
plot(xx,legend=FALSE,fsize=0.7,outline=FALSE,mar=c(4.1,1.1,1.1,0))

## click to add legend interactively

add.color.bar(1,cols=xxScols,lims=xxSlims, title="")

par(mar=c(4.1,0,1.1,1.1))
barplot(datal[treeStip.label],horiz=TRUE,width=1,space=0,ylim=c(1,length(treeStip.label))-
0.5,names="")

anc<-fastAnc(tree, datal)

writeAncestors(tree, Anc=anc, file="treeanc.tre", format="nexus"

Appendix 5. A set of commands used to estimate the evolution parameters lambda, kappa
and delta in the package caper implemented in R. Developed by T. Herben, modified by T.
Fér, 2014.

library("caper")
library("ape")

tr = read.nexus ("s.nex")

write.tree (tr, file = "tree.tre")

trl = read.tree ("tree.tre")

a <- read.table ("AEgroup.txt",sep = "\t", header = TRUE)

sumdata <- comparative.data (phy = trl, data = a, names.col = taxon, vcv = TRUE, na.omit = FALSE,
warn.dropped = TRUE)

model.lambda <- pgls (cvalue~1, data = sumdata, lambda="ML")

summary (model.lambda)

mod.l <- pgls.profile (model.lambda, "lambda")

plot (mod.l)

dev.copy (png, "lambda.png")

dev.off()
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Appendix 6. Own samples used in the analyses. Samples belonging to the second Amomum group are marked with an asterisk. GS = abolute genome size.

Zno. |FCM Other ID Taxon Collector(s) Country Locality Alt. (m) | GPS (if available) | GS (pg)

27 FCM 185 520002475 Elettariopsis rugosa Leong- Skorni¢kovd , J. | Malaysia 5.90

224 FCM 201 $20050912 Elettariopsis elan Leong- Skornickova , J. | Malaysia 7.83
Leong- Skornickova, J., 26°53.251° N

281 FCM 276 | JS 71468 Amomum subulatum Fér, T. India West Bengal, Daarjeeling, Mirik 1577 88°11.288’ £ 3.51
Leong-Skorni¢kova, J. o .

' Bukit Timah. I h

790 |FCM313 |SNG-13 Elettariopsis cf. latiflora Leong, P., Chua, Y.. et | Singapore | CuKit Timah. Growing below the 6.36
al pathway in shadier conditions.

292 FCM 295 E19901444 Elettariopsis triloba Newman, M.F. Vietnam Pong Nai Province 7.60

796 FCM 292 | E19981704 Amomum petaloideum $re&ssL,iW.John; Wood, China Yunnan Province 6.24
Tran H.D., L& CK., 15°18'00.8" N

7104 |FCM 246 |Tran383 Elettariopsis sp. Nguyén D.L., Sida O., Vietnam Quang Nam Province 686 PN 8.01

- 107°43'44.1" E

Vi H.D.
Tran H.D., Ng W. & L 1°21'06.5"N

7121 | FCM 297 SNG-46 Elettariopsis cf. latiflora ran NgW. &Lee Singapore | MacRitchie Reservoir, Nature Trail 66 . 06, > . 6.40
S. 103°49'03.8"E

Z123 | FCM 294 E19901449 Elettariopsis unifolia Newman, M.F. Vietnam Pong Nai Province 5.93
Leong- Skornickova , J. . About 50m from Kruing Hut, Bukit

* _ ’ ’
Z275* | FCM 518 SNG-22 Amomum sp. et al Singapore Timah Nature Reserve. Shade. 4.33
7299 |FCM421 | JLS 522 Elettariopsis sp. Tran et al. Vietnam | Viet Nam: Lam BOng Prov., B3 Huoai 5.35
district, Déo Chudi .
7303 | FCM 425 JLS 521 Elettariopsis sp. “cinnamomeum” | Tran, H.D. Vietham Khanh Hoa prov., Ba H6 15.52
5 Dong Nai Prov., Tan Phu f Nga

7304 |FCM 423 |JLS519 Elettariopsis sp. Tran et al. Vietnam ngﬁ Ya' rov., Tan Phu forest, Nga 3 5.99

Z308 |FCM 424 |JLS518 Elettariopsis sp. “bronze leaf” Tranetal. Vietnam zzgﬁ $a| Prov., Tan Phu forest, Ngd 3 7.62

7329 |FCM 422 |JLS515 Elettariopsis sp. Vietnam Khanh Hoa Prov., Ba H 6.34

. ) Kon Tum, Kon Pl6ng Dist., X3 Hiéu; 14°38'56.5"N,
LS1 X 1222 i
2429 |FCM690 LIS 1557 Amomum aff. plicatum Vietnam disturbed forest along road side. 108°25'03.1"E 519
“ T ” o . o . o 14°40'48.7"N,

Z439 |FCM 692 |JLS 1589 Elettariopsis mirantha”, ined. Vietnam Kon Tum, Kon Pl6ng Dist., Xa Hiéu 1231 108°24'05.5"F 8.70
Leong-Skorni¢kova, j., 5 i 3 Hig °33'18.6"

7442 |FCM 693 | JLS 1598 Amomum aff. glabrum & Y Vietnam | Kon Tum, Kon Plong Dist, XaHieu, | 1 o, | 14'3318.6°N, 6.31

Nguyén Q.B., Tran,

way to Ka Bang

108°26'41.9"E

hrZa)
rz




H.D., Zaveska E.
. Thira Thién - Hué Prov., Bach M3 16°13'44.86"N,
Z450 | FCM 691 JLS 1619 Amomum repoeense Vietnam N.P., Pheasant Trail 469 107°51'4.45"F 5.60
. Thira Thién - Hué, Bach M3 N.P., 16°13'4.84"N,
Z456 | FCM 683 JLS 1637 Amomum repoeense Vietnam Pbng Trudi 272 107°43'47 16"E 5.23
N . Thira Thién - Hué, Bach M3 N.P., 16°13'13.51"N,
Z458 | FCM 679 JLS 1640 Elettariopsis sp. Vietnam Pong Trudi 241 107°43'36.21"F 7.71
Z490 | FCM 024 E20001425 Elettariopsis curtisii Newman, M.F. Thailand Trang Province 5.64
Tran, H.D, LECK,, A . ey "
7491 |FCM 225 |Tran 366 Amomum sp. Nguyén D.L., $ida O., Kon Tum Prov., Kon Plong Dist, way | 1,5, | 14°42'34.3'N 474
- to Mang La 108°14'35.9"E
Vi H.D.
Luang Prabang Prov., Tad Se ot N
. 19°50'35.6"N,
Z559 | FCM 719 JLS 1675 Amomum sericeum Laos waterfall. Broad leaves forest near 332 IO h 7.39
102°13'14.9"E
waterfall.
2635 | FCM 1277 | LS s.n. Elettariopsis Laos 6.82
L Haager, J.R., Rybkova, . Lam Dong Prov., Di Linh, forest 11°34'38.72"N,
72636 | FCM 1283 |JLS 1946 Elettariopsis sp. R Vietham nearby the village 950 108° 4'0.24"E 5.88
. , Lam Péng Prov., Pa Huoai district,
72637 | FCM 1281 |JLS520 Elettariopsis sp. “unifolia, plicata” | Tran et al. Vietnam am ong rov., Ba Huoai district 5.30
Madaguoi resort.
S < e . 14°32'33.4"N,
72638 | FCM 1282 |JLS 730 Elettariopsis sp. Leong-Skornickova, J. Vietnam Kon Tum Prov., road to Kon Plong. 891 108°15'35.9"F 5.90
7639 |FCM 1276 |ILS 1489 Elettariopsis sp. ’ngt;i‘zi': Exact locality unknown 7.86
L Vientian Prov., Vang Vieng Dist., Ban 18°52'32.9"N,
2640 | FCM 1278 |JLS 1795 Elettariopsis sp. Laos Na Khun 238 102°24'41.1"E 4.84
7641 | FCM 1285 |S20050385 Elettariopsis sp. Malaysia 6.42
N . . s . . 1°21'06.5"N,
2642 | FCM 1289 |SNG 113 Elettariopsis Ibrahim, H. Singapore | MacRitchie Reservoir, Nature Trail 66 103°49'18.0"E 6.26
7643 | FCM 1284 | SBG20060610 | Elettariopsis sp. Leong-Skornickova, J. Malaysia 6.42
Lamxay, V., Bolikhamxai province, Pakkading N18° 18" 537"
2644 | FCM 1279 |JLS 1200 Elettariopis sp. Larnorsavanh, S., Laos district, Bane phonesai, Phoungou 120 P 12.68
. E104° 01'21.7
Souvannakoummal, K. NPA, Phoungoungai area
2645 | FCM 1330 | E20081070 Elettariopsis sp. Tran, H.D. Vietnam Lam Boéng Province 5.39
7646 |FCM 1331 |E20081100 Elettariopsis sp. Tran, H.D. Vietham Pong Nai Province 7.77
Z659 | FCM 1327 | E20111045 Amomum repoeense Lamxay, V. Laos Bolikhamxay Province 4.75
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2660 | FCM 1321 |E20111048 Elettariopsis Lamxay, V. Laos Bolikhamxay Province 13.02
2661 | FCM 1326 | E20081123 Elettariopsis Tran, H.D. Vietnam Dbng Nai Province 6.07
2662 | FCM 1328 | E20100770 Amomum sericeum Newman, M.F. Cambodia 6.43
2664 | FCM 1325 | E20001425 Elettariopsis curtisii Newman, M.F. Thailand Trang Province 5.68
2665 | FCM 1336 | E20081047 Amomum repoeense Tran, H.D. Vietnam Lam Boéng Province 5.00
2666 | FCM 1329 | E20100766 Amomum sericeum Newman, M.F. Cambodia 6.41
7683* | FCM 622 | T-11-08 Amomum sp. Thailand 351
Leong-Skornickova, j.,
72684* | FCM 1280 |S20121937 Amomum sp. Nguyén Q.B., Tran H.D., 3.52
Zaveska E.
Leong-Skorni¢kova J.,
7686 |FCM725 |ILS1726 Amomum maximum Tran H.B,, 5ida 0., 5.57
Phoutthavong K.,
Oudomsack S.
7689* | FCM 655 E20051592 Amomum rivale Middleton, D.J. Thailand Phetchaburi 4.68
| locali | |
7720 | FCM 1358 | $20001092 | Elettariopsis smithiae “silver leaf” Malaysia égi:;:k;ype ocality (Selangor, Ulu 6.44
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Appendix 7. A table of GenBank accessions used. In the concatenated analysis, only the ITS GenBank code was used. (after Droop 2012)

Name in ITS+matK

GenBank accession no.

concatenated dataset Taxon Collection no. (herbarium) Origin Locality (if available)
ITS matK
GB_AF478746 E. kerbyi R.M. Sm. Kress 96-5746 (US) Indonesia Borneo AF478746 AF478845
GB_AY352013 E. smithiae Y.K. Kam Kress 99-6313 (US) Thailand Loei, Phu Rua District, 750 m alt. AY352013 AY352043
GB_AF478747 E. sp. Kress 00-6720 (US) Myanmar/ AF478747 AF478846
Singapore*

E. stenosiphon (K. Schum.) .
GB_ AF478847 B.L Burtt & R.M. Sm. Kress 01-6847 (US) Malaysia Sarawak AF478847 -
GB_AY769831 E. triloba Loes. Rang.&New. s.n. (E) Vietnam AY769831 -
GB_AY769832 E. unifolia (Gagnep.) M.F. Newman 747 (E) Vietnam boéng l\.lfn Province, Nam Bai Cat AY769832 )

Newman Tién NP, c. 100 m alt.
GB_AY351989 A. aff. glabrum Xia 73 (HITBC) China AY351989 AY352019
GB_AY351985 A. austrosinense D. Fang Xia 719 (HITBC) China AY351985 AY352015
GB_ AF478722 A. longipetiolatum Merr. Kress 99-6353 (US) China AF478722 AF478822
GB_ AY351995 A. maximum Roxb. Xia 725 (HITBC) China AY351995 AY352025
GB_AY351996 A. menglaense S.Q. Tong Xia 726 (HITBC) China AY351996 AY352026
GB_AY352000 A. purpureorubrum 5.Q. Xia 727 (HITBC) China AY352000 AY352030

Tong et Y.M.Xia
GB_AY352004 A. queenslandicum R.M. Sm. Kmn 1428 (HITBC) Australia AY352004 AY352034

* This accession is listed by J. Droop as from Myanmar, but in NMNH database (http://collections.nmnh.si.edu) the origin is Singapore.
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Appendix 8. An alighment of sequences used in the Bl analysis including the Alpinioideae. Samples of the Alpinioideae species (excluding the

targeted group of Elettariopsis and Amomum species) were obtained from Sida et al. (unpubl.)

312_FCM_610_Alpinia_V_vittata_oceanica cattgaacgacgga-tg-g-ctgtg-aatgtgtcaacgcgctec-ttteget-g--cecc-a-tgtt-ggeagttgattgateg-tageteggtgegatctgeac te ggccecte--agegtgege-ggee: C = tctegge tcggctcttgeatc gatact nnnnr
gectget ttgctecttge----te-—-tgte- ---CCCtC----~f ggg-taatcc- tggt-cgece- -tgaacgt-- --tgt igaga--cc: g-tgtc--catc-aaattgtggccccaa
GB_AF478721_Amomum_glabrum cattgaatgatgga-tg-g-ttgtg-aatatgttaacttgcece-ttce-tt-g--cccc-a-tgtt-| ttgactg-tagcteggtgc C t -cccte--gacgtgtge-gggg-agecctatgeateggagatgecteg-
gaaccattgagtctt ttgctecttge----tt-—tget- ---CCCtC------f tagtcg-acaatc tggt-cgect-t -tgaacat--
cgtcceegtea--tgttgggatgagtcctc---aagaga--ccctg-tgtga-ttgeggtgc--—-cacgtgaaagtgekg-tgtecatcatt-atattgtggececaa
GB_AY351989_Amomum_glabrum cat tg-g-tigtg- ttgecee-ttce-tt-g--cocc-a-tgtt- tgactg-t -cccte—, -gggg-agecct -
tgagtctt ttgctecttge-——-tt---tgct- ---CCCtC------f tagtcg-acaatc tggt-cgect-t -tgaacat--
cgtcccegtea--tgttgggatgagtcctc--aagaga--cectg-tgtga-ttgeggtgc--—-cacgtgaaagtgctg-tgtecatcatt-atattgtggecccaa
GB_AF478722_Amomum_longipetiolatum cat tg-g-ttgtg-i tgccce-tice-tt-g--cccc-a-tgtt-| ttgactg- t -CCCte-| -ggeg-agc -
tcteggc tgcatc gatact tgcagaatct tgagtctttgaacgcaagttgtgcecgaggecttgtggecgagggcacgectgcttgggegte gectttgetecttac----tt---ttct-ggtgccaagegeggaaattggectcgtgtg---cecte----—- ggt tagtcg-acaatcy tggt-cgect- -tgaacat--
cgtececgteg--tgttgggatgagtcctt---aagaga--cecta-tatga-ttgegacge-- tg- -
GB_AF478822_Amomum_longipetiolatum cattgaatgatgga-tg-g-ttgtg-aatatgtcaacttgcece-ttee-tt-g-ccccc-a-tgtt-ggtaggeatttgactg-tageteggtgegatcagcaccaaggaacaatgaacttagaagcagaggg-cectc--gacgtgtge-gggg-ageectgtgeatcggagatgecteg-
tgcatc gatact tgagtctttgaacgcaagttgtgcccgaggect ctgcttgggegtc gectttgetecttac—tt—ttct-ggtgccaagegeggaaat S e ggt tagtcg-acaatcy tggt-cgect-1 -tgaacat--
cgteeeegteg--tgt ---aagaga--cccta-tatga-ttgcgacge--—-cacgtgaaagtgttg-tgtccatcatt-atattgtggecccaa
GB_AY351996_Amomum_t catt -tg-g-ttgtg-aatatgtcaacttgeece-ttee-tt-g--cecc-a-tgtt- tgactg-tagctcggt -cccte--gatgtgtge-gggg-agecctatgeateggagatgectaa-
tetegge ggctettge gatact tgagtctttgaacgcaagttgtgccegaggect tgggc gectttgetecttge--—-tt-—-tgct gcgaaaattggectegtgtg--—-cecte-----f gat tagtcg-acaatc tggt-cgect- tgaacgt--
cgtcceegteg--tgttgggatgagtccte---aagaga--ccctg-tgtga-ttgeggege-----caygtgaaagtgtig-tgtecatcate-atattgtggececaa
Z559_FCM_719_Amomum_sericeum cat tg-a-ttgtg-aatatgtcaacttgecee-tteg-tt-g--ccec-a-tgtt-ggtgggraattgacta-tage tgaact -ccctc: -gggg-agccctatgeateggagatgectag-
teteggc gectcttgeatc gatact tgc tgagtctt t t ttgggcgtcatggeategtegectttgetecttge-——-tt-—-tgct-ggtgct ---CCCt e tagtcg-acaatc tggt-cgect- tgaacgt--
--tgt ctc ga--ccctg-tgtga-ttgeggege--— tg- -atatty
7662_FCM_1328_Amomum_sericeum cattgaatgatgga-tg-g-ttgtg-aatatgtcaacttgccce-tttg-tt-g--cccc-a-tgtt-ggtgggeaattgacta-tagctc tgaact -cecte -gggg-agecect tag-
tctegge gectcttgeatcy act gaaccattgagtctt t t atcgtcgectttgctecttge--—-tt---tgct- S ro— tagtcg-acaatc tggt-cgect- tgaacgt--
--tgt ctc ga--ccctg-tgtga-ttgeggegc: tg- -atatty
Z666_FCM_622_Amomum_sericeum cattgaatgatgga-tg-g-ttgtg-aatatgtcaacttgcece-tttg-tt-g--cccc-a-tgtt-ggtgggeaattgacta-t tgaactt -cccte: -gggg-age gectag-
teteggc ggctcttgc gatact tgagtctttgaacgcaagttgtgeccgaggect tgggcgtcatggeategtegectttgctocttge——tt-—tget gcgaaaat S (e ggt tagtcg-acaatcy tggt-cgect-1 tgaacgt--
—-tgt ctc---aagaga--ccctg-tgtga-ttgeggege--——- tg-1 -atatt,
Z442_FCM_693_Amomum_aff_glabrum cattg -tt-g-ttgtg: -ttee-tt-g--ccec-a-tgtt-ggtgggcaattgactg-t -cccte--gacgtgtge-gggg-agecctatgc: a-
ggctcttge act tgagtctttgaacgcaagttgtgcccgaggect tgggcate acctttgegecttge--tt---tgct- ggaaat ---CCCtCnmmmf tagtcg-acaatc tggt-cgect- -tgaacgt--
cgtcccegteg--tgttgagatgagtccte---aagaga--cecta-tgtga-ttgeggege - tg- -atatt,
GB_AY351995_Amomum_maxi tg-g-ttgte- -ttte-tt-g--cccc-a-tgtt- tgactg-tagctcggtec -cccte- -ggeg-agccctatgegte -
act tgagtctt tgtgcccgaggect atcgtegectttgstecttge----tt---tget- t ---CCCt e tagtcc-geaategt tggt-cgeec- -tgaacat--
cgteceegtca—-tgt igaga--ccctg-tgtga-ttgeggege--—-cacgtgaaagtgtcg-tgtccatcatc-atattgtggecccaa
2686_FCM_725_Amomum_t { tg-g-ttgtg- -tttc-tt-g--cccc-a-tgtt- tgactg-tagct gaact -cccte--gacgtgtge-gggg-agecctatgegtcgaagatgtgteg-
aaatcaaatgactctcggc tgcatc gatact tgcagaatctcgtgaaccattgagtctttgaacgcaagttgtgeccgaggecttgtggecgagggeacgectgcttgggegtc gectttgetecttge----tt---tget- gcgaaaattggectegtgtg---cecte-----f gst tagtcs-rcaatc tggt-cgeec- -tgaacat--
--tgt gaga--ccctg-tgtga-ttgeggege--——cacgtgaaagtgteg-tgtecatcatc-atattgtggecccaa
GB_AY352000_Amomum_purpureorubrum tg-g-ttgtg-aatat -tttc-tt-g--cccc-a-tgtt- tgactg-tagct gaactt -Ccecte--, 8888~ 8-
gaatcaaatgactctcggc ggctcttgeatc gatact tgc tgagtctt tgtgccegaggecttgtggecgagggeacgectgctigggegteatggeategtegectttgetecttge---tt-—-tget- gcggaaattggectegtgtg---cecte--—--- -gggcacagtcggt! -tagtcg-geaatcgtegggaac tggt-cgecc-tgtgegtgaac-tgaacat--
-tgt gaga-cectg-tgtga- - -aaat
GB_AY352004_Amomum_queenslandicum tg-g-ttgtg-aatatgtcatcctgecce-ttte-tt-g--cccc-a-tgtt-ggegggeaattgactg-tagetcggtgcgatcageaccaaggaacaatgaacttagaagcagaggg-cecte--, -gggg-agecctatgegte g-
act tgagtctt get ttggtecttge----tt---tgct- -=-CCCtC--—---f cggt -tagtcg- tggt-cgeee- -taaacat-—-
cgtceecgtca--tgttgggatgagtecte---aagaga--cectg-tgtga-ttgegacge--—--cac g-tgtccatcatc- cccaa
GB_AY351985_Amomum_austrosinense cat tg-g-atgtg-: -ttte-tt-g--cccc-a-tgtt: tgactg- -cccte-| gage: 8-
act tgagtctt ttgctecttgey---tt-—-tgct- cggt tagtcg- tggt-cgecc- _tgaacat--
cgtccecgtca--tgt gaga--ccctg-tgtga-ttgeggege---—-cac g catcatc-atattatggccccaa
Z640_FCM_1278_Elettariopsis_sp cat tg-g-atgtg-: -ttte-tt-g--cccc-a-tgtt- tgactg- t -ccctc--gacgtgtge-gagg-agecctatgegteggagatgtgteg-
aaatcaaatgactcteggc tgcatc gatact tgcagaatctc tgagtctt tgtgccegaggecttgtggecgagggeacgectgctigggegteatggeatcategectttgetecttget---tt-—tget-ggtgec tggcctegtgtg---ctete-----f ggt tagtcg-gc ac tggt-cgece-tgtgegtgaac-tgaacat--
--tgt gaga--ccctg-tgtga-ttgeggege - -atat
GB_AF478746_Elettariopsis_kerbyi cat -tg-a-ttgt, aacctgeecc-ttee-tt-g--cccc-a-tgtt-ggtgggcaattgactg-tageteggtgcgatcagcaccaaggaacaatgaact -ccctc--gacgtgegc ct cteg-
tgcatc; act tgagtctt ggcatcgtegectttgetecttgc --tgcc-ggtgcet cggt tagtcg-geaattgt! tggt-cgeec- tgaacgt--
cgteceegttg--cgteggaatgagtectc-—aagaga--cectg-tetga-ttgeggeat---- -tgtc---cttc-atat
GB_AF478748_Elettariopsis_stenosiphon  cat tg-a-ttgtg-aatatgtcaacctgecce-ttee-tt-g--cccc-a-tgtt-ggtgggcaattgactg-tagcteggtgcgatcagcaccaaggaacaatgaacttagaagcagaggg-cecte--gacgtgegc ct teg-
tgcatc, act tgagtctt ttgctecttge----tt-—-tgct-ggtgct ---CCgte------ tagtcg-gcaattgt tggt-cgecc- tgaacgt--
cgtceeegttg—-cgtcf gaga--ccctg-tctga-ttgeggeat-----cgtgcgaaagtgeeg-tgte---cttc-atattgtggecccaa
GB_AF478847_Elettariopsis_stenosiphon  cat tg-a-ttgtg-aat: gceee-ttee-tt-g--cccc-a-tgtt-ggtgggeaattgactg- t -cccte--| ct geeteg-
gaatcaaatgactctcggc tcggctcttgcatc gt gatact tgcagaatctcgtgaaccattgagtctttgaacgcaagttgtgcccgaggccttgtggccgagggcacgectgcttgggcgteatggeategtegect --tgct-ggtgctaagcgeggaaattggectegtgte-—-cegt ggcacagtcggt tagtcg-geaattgttgggace tggt-cgccc-tgtgc tgaacgt--
cgteceegttg--cgteggaatgagtectc-—aagaga--cectg-tetga-ttgeggeat---- -tgtc---cttc-atat
2355_FCM_156_Elettariopsis_rugosa cattgaatgatgga-tg-a-ttgtg-aatatgtcaacctgeecc-ttce-tt-g--ccec-a-tgtt-ggtgggcaattgactg-tageteggtgegatcageaccaaggaacaatgaacttagaagcagaggg-cectc--gacgtgegcy -aaccttatgcatcggagatgettcg-
gaatcaaatgactctcggc tcggctettgcatc gt gatact tgcagaatctcgtgaaccattgagtctttgaacgcaagttgtgcccgaggecttgtggecgagggeacgectgctigggegteatggeategtegectttgetecttge-——tt-—-tget-ggtgecaagegeggaaattggectegtgtg---cegte--—--gngeacagteggttgaagagtggg-tagtcg-geaattgttgggace tggt-cgeee-cgtec tgaacgt--
cgteceegttg--cgteggaatgagtectc-—aagaga--cectg-tetga-ttgengea -tgtc---cttc-atat
Z7_FCM_185_Elettariopsis_rugosa cat -tg-a-ttgtg-: aacctgeecc-ttee-tt-g--cccc-a-tgtt-ggtgggaattgactg-tageteggtgcgatcageaccaaggaacaatgaacttagaageagaggg-cecte--gacgtgege -aaccttatgcatcggagatgctteg-
tgagtctt t ttgctecttgc -—-tgct- ---cegte- tagtcg-geaattgt! tggt-cgeec- tgaacgt--
cgtcceegttg--cgtcggaatgagtccte-—-aagaga--ceetg-tetga-ttgeageat-----cgtgegaaagtgeeg-tgte-—-cttc-atattgtggeeccaa
Z720_FCM_11358_Elettariopsis_smithiae  cat tg-a-ttgtg-aat: geece-ttee-tt-g--cccc-a-tgtt-ggtgggeaattgactg- ngaactt -cccte--gacgt ct geeteg-
gaatcaaatgactctcggc tcggctcttgcatc gt gatact tgcagaatctcgtgaaccattgagtctttgaacgcaagttgtgcccgaggecttgtggecgagggcacgectgctigggcgteatggeategtegectttgetecttge——tt-—tact-ggtgeccagegeggaaattggectegtgtg —cegte———-gggencagteggt tagtcg-geaattgttgggac tggt-cgecc-cgtec tgaacgt--
cgtcceegttg--cgtcggaatgagtectc-—-aagaga--ccctg-tetga-ttgeggeat-—--cgtegc g-tgtc—-cttc-atattgtggeeccaa
Z121_FCM_316_Elettariopsis_aff_curtisii nnnnnnr \nnnNNNNNNNNNNNNNNNNNNNNNNNE \nnnnnngggg-agect -
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tetegec gactcttgc gt gatact tgcagaatctcgtgaaccattgagtctttgaacgcaagttgtgcccgaggect ctgcttgggcgtc gectttgetecttge--—-tt-—tgct- gtggaaattggectegtgtg-—-cegte-———— ggt tagtcg-geaattgt tggt-cgecc-cgtec tgaacgt--
cgtececgttg— ctc- gaga--ccctg-tctga-1 e innnnnnnr nnnnnnnnnr
Z642_FCM_1289_Elettariopsis catf -tg-a-ttgtg- aacctgeect-ttee-tt-g--cccc-a-tgtt-ggtgggeaattgactg-tagets caaggaccaatgaacttagaagcagaggg-ccctc--gacgtgege-gggg-agecttatgeatcgaagatgecteg-
tgagtctt ttgctecttge----tt---tgct-g ---CCgLC----—f tagtcg-geaattgtt -CgCCC- -tgaacgt--
cgteceegttg— ctc- gaga--ccctg-tctga-1 e -tgtc—--cttc-
Z490_FCM_024_Elettariopsis_curtisii cattgaatgatgga-tg-a-ttgtg-aatatgtcaacctgcece-ttee-tt-g--cccc-a-tgtt- tgactg-tagctcggtgegatcagc: aatgaacttagaagcagaggg-ccctc--gacgtgege-gggg-agecttatgeatcgaagatgecteg-
tgagtctt ttgctecttge----tt---tgct- gtg---ncgte------f tagtcg-gcaattgt tggt-cgeee- -tgaacgt--
cgtcceegttg--cgtcggaatgagtecte---aagaga--ccctg-tetga-ttgeggeat-----c g-tgtc---cttc-atattgtggeeccaa
Z645_FCM_1330_Elettariopsis_sp tg-a-ttgtg-: -ttce-tt-g--cccc-a-tgtt- tgactg-t t -CcCCte--f -gggg-agect -
tetegge gactcttgc gt gatact tgc gaaccattgagtctt tgtgccegagec acgectgettgggegtcatggeategtegectttgetecttge----tt---tget-ggtgecaagegtcgaaattggectegtgtg---cegte--—---gggeacagteggt tagtcg-geaattgttgggacc tggt-cgece-cy tgaacgt--
cgteceegttg— ctc- gaga--ccctg-tctga-1 e -tgtc—--cttc-
Z664_FCM_1325_Elettariopsis_curtisii cat tg-a-ttgtg-: -ttee-tt-g--cccc-a-tgtt- tgactg- -cCCte-| -gggg-agectt -
teteggc gactcttge gt gatact tgcagaatctcgtgaaccattgagtctttgaacgcaagttgtgeecgaggecctgt gectgettgggegteatggategtegectttgetecttge--—-tt---tgct-ggtgccaagegtegaaattggectegtgtg---tegte-----gggeacagtcggtigaagagtggg-tagteg-geaattgtt tggt-cgeec-cgtec tgaacgt--
cgteceegttg— ctc- gaga--ccctg-tctga-1 e -tgtc—--cttc-
Z637_FCM_1281_Elettariopsis_sp catf -tg-a-ttgtg-: aacctgeecc-ttee-tt-g--cccc-a-tgtt-ggtgggeaattgactg-tageteggtec C t -cccte--gacgtgege-gggg-agecttatgeatcgaagatgecteg-
gagtctt ttgct ge----tt-—-tgct- ---CCgLC-----f tagtcg-gcaattgt! ~CECCC- -tgaacgt—
cgteccegttg--cgtcggaatgagtecte---aagaga--ccctg-tetga-ttgeggeat-----c g-tgtc---cttc-atattgtggeeccaa
Z90_FCM_313_Elettariopsis_aff_curtisii nnnnnnnnNnnnnr nnnnnnnnnr nnnnnnNNNNnNnnnr nnnnnnnr nnr nnnnnnnr \nnnnnnnnnnnnnnne
tetegec gectcttgc gt gatact tgcagaatctcgtgaaccattgagtc tgtgcccgaggect ctgcttgggcgtcatggeategtegectttgctecttge-——-tt-—-tgct- gtcgaaattggectegtgtg-—-Cegte-——— ggt tagtcg-geaattgt tggt-cgecc-cgtec tgaacgt--
cgtcceegttg--cgtcggaatgagtecte--—-aagaga--ccctg-tetga-ttgeggeat----- d
Z93_FCM_297_Elettariopsis_aff_curtisii cat tg-a-ttgtg- -ttce-tt-g--cccc-a-tgtt-f tgactg-tagytc -cccte--gacgtgege-ggeg-agecttatgeatcgaagatgecteg-
tcteggc ggctct act tgagtctttgaacgcaagt ctget ttgctecttge----tt---tgct-g ngaaattggcctegtgtg---ccgte------ tagtcg-gcaattgts tggt-cgeec-cgtecy tgaacgt—-
cgteceegttg— gaga--ccctg-tctga-ttgeggeat---—- -tgte---cttc-i
Z299_FCM_421_Elettariopsis_sp cattgaatgatgga-tg-a-ttgtg-aatatgtcaacctgceece-ttee-tt-g--cccc-a-tgtt- gactg-tagct gaact -cccte--gacgtgege-gggg-agecttatgeategaagatgecteg-
teteggc ggctct tgc tgagtctt tgtgc ctgcttgggegteatggeategtegectttgetecttge-—tt—tgct-ggtgecaagegtcgaaattggectegtgtg-—ycgtc——gggeacagteggttgaagagtggg-tagtcg-geaattgt tggt-cgeceC tgaacgt--
cgtcccegttg--cgtcggaatgagtecte-—-aagaga--ccctg-tetga-ttgeggeat----—¢ -tgte---cttc-atatt
GB_AF478747_Elettariopsis_sp cattgaatgatgga-tg-g-ttgtg-aatatgtcagcttgecce-ttct-tt-g--cccc-a-tgtt-agttggeaattgactg-t tt -cccte--geegtgege-gggg-agecttatgegteggagatgecteg-
tcteggc gactcttgc gatact tgagtctttgaacgcaagttgtgcccgaggecttgtggec tgggcstc 8C ctecttge----tt---tgct-f gcgaaaattgacctegtgtg---cec: - acagtcggt tagtcg-geaattgttgggacc tggt-cgeee-cy -tgaacgt-—-
cgtcccegttg--cgtcggaatgaatcctc---aagaga--ccecg-tgtga-ttgeggeat---— g-tgtc---catc-atat
2639_FCM_1276_Elettariopsis_sp cat tg-g-ttgtg- tgcecc-tict-tt-g--cecc-a-tgtt-agttggcaattgactg-taactcggtgegageageac -cccte—-geegtgege-gggg-agecttatgegteggagatgecteg-
teteggc gactct act tgagtctttgaacgcaagt ctgct ttgctecttge----tt-—-tgct- ---ccc tagtcg-geaattgt tggt-cgece-cy -tgaacgt--
cgteceegttg— igaga--ccccg-tgtga-ttgeggeat-——— -tgtc---catc-:
Z24_FCM_201_Elettariopsis_elan cat tg-g-ttgtg- tgceee-ttct-tt-g--cccc-a-tgtt-agttggeaattgactg-taact -cccte--f -gggg-agectt -
teteggc gactct tgagtctt t ttgggc ttgetecttge----tt---tgct- ---ccc tagtcg-geaattgt tggt-cgece-cy -tgaacgt--
cgteceegttg— igaga--ccccg-tgtga-ttgaggeat---— -tgtc---catc-:
GB_AY769831_Elettariopsis_triloba cat -tg-a-tegtg- tgccee-ttet-tt-g--cccc-a-tgtt-agttggcaattgactg-taactcggt t -cccte--geegtgege-gggg-agecttatgegteggagatgecteg-
teteggc ggctcttgc gatact tgagtctttgaacgcaagttgtgeccgaggect tgggcgtcatggeategtegectttgetecttge----tt-—-tgct- gcggaaat ---ccctt acagtcggt tagtcg-geaattgttgggacc tggt-cgeec- tgaacgt-
cgtcceegttg--cgtcggaatgaatcctc---aagaga--ccecg-tgtga-ttgeggeat---— -tgte---catc-atat
7308_FCM_424_Elettariopsis_sp_BL cat tg-a-tegtg- tgeecc-tict-tt-g--cocc-a-tgtt-agttggcaattgactg-taacteggtgc ttagaagcagaggg-ccctc--geegtgegc-gegg-agecttatgegteggagatgecteg-
tetegec gectct act tgagtctttgaacgcaagt gectttgetecttge-—tt-—-tgct- ---ccctt: tagtcg-gcaattgt tggt-cgece- tgaacgt--
cgteeeegttg—-cy gaga--ccceg-tgtga-ttgeggeat-----cge g-tgtc—-catc- cccaa
2646_FCM_1331_Elettariopsis_sp cat tg-a-tcgtg-: agcttgecee-ttet-tt-g--cccc-a-tgtt-agttggcaattgactg-taactcggtgegageageaccaaggaacaacgaact: -cccte--geegtgege-gggg-agecttatgegteggagatgecteg-
act gaaccattgagtctt t ttgetecttge--—-tt-—tgct- ---ccctt: tagtcg-geaattgtt tggt-cgeec- tgaacgt--
cgteceeegttg—-cgtcf gaga--ccceg-tgtga-ttgeggeat-----cge g-tgtc—-catc- cccaa
Z92_FCM_295_Elettariopsis_triloba cattgaatgatgga-tg-a-tcgtg-aatatgtcagcttgecce-ttet-tt-g--cccc-a-tgtt-agttggcaattgactg-taact -cccte-- -gggg-agecttat 3
gaatcaaatgactctcggc gectcttgc gatact tgcagaatctcgtgaaccattgagtctttgaacgcaagttgtgcccgaggecttgtggtegagggcacgectgct gectttgetecttge-—tt-—tgct- gcggaaattgacctegtgtg-—cectt: acagtcggt tagtcg-geaattgttgggacc tggt-cgecc- tgaacgt--
cgteceegttg--cgteggaatgaatcctc---aagaga--ccecg-tgtga-ttgeggeat-—--— -tgtc---catc-atat
Z104_FCM_246_Elettariopsis_sp cattgaatgatgga-tg-a-ttgtg-aatatgtcagcttgecece-ttct-tt-g--cccc-a-tgtt-agtgggcaattgactg-| agcaccaaggaacaatgaacttagaagcagaggg-ccctc—-gecgtgege-gggg-agecttatgegteggagatgecteg-
gaatcaaatgactctcggc teggctcttgeatc gatact tgc tgagtctt tgtgeecgaggecttgtggeegagggeacgectgettgggegteatggeacegtegectttgetecttge----tt-—-tact-ggtgecaagegegaaaattgacctegtgtg---cecte--—--- -gggcacagtcggt! -tagtcg-geaattgttgggacc tggt-cgeee-cy tgaacgt--
cgteceegttg--cgteggaatgagtectc-—aagaga--ccecg-tgtga-ttgeggeat---—c -tgtc--catc
Z458_FCM_679_Elettariopsis_sp cattgaatgatgga-tg-a-ttgtg-aatatgtcagcttgecece-ttct-tt-g--cccc-a-tgtt-agtgggcaattgactg-| agcaccaaggaacaatgaacttagaagcagaggg-ccctc—-gecgtgege-gggg-agecttatgegteggagatgecteg-
act tgagtctt tgt cgectttgetecttge----tt---tact-| ---CCCtC----- cggt -tagtcg-geaattgt tggt-cgeece tgaacgt--
cgteeeegttg—-cy gaga--ccccg-tgtga-ttgeggeat--——-cgtgtggaagegteg-tgtc-—catc-atattgtggecccaa
7439_FCM_692_Elettariopsis cattgaat, tg-g-ttgtg: tgecee-ttct-tt-g--cccc-a-tgtt- tgactg- t -cccte--geegtgege-gggg-agecttatgegteggagatgecteg-
gaatcaaatgactctcggc ggctettge gatact tgcagaatctcgtgaaccattgagtctttgaacgcaagttgtgeccgaggecttgtggecgagggeacgectgetigggegteatggeacegtegectttgetecttge----tt---tact-ggtgecaagegegaaaattgacctegtgtg---cecte--—--f -gggcacagtcggt! -tagtcg-geaattgttgggacc tggt-cgeee-cy tgaacgt--
cgteeeegttg—-cy gaga--ccceg-tgtga-ttgeggeat--——-cgtgtggaagegteg-tgtc-—catc-atattgtggecccaa
2644_FCM_1279_Elettariopsis_sp tg-g-ttgtg- tgecee-tict-tt-g--ccec-a-tgtt-agtgggeaattgactg-taactcggt t -ccctc--geegtgege-gggg-agecttatgegtcggagatgecteg-
gaatcaaatgactctcggc gectcttgc gatact tgc tgagtctt tgtgcccgaggecttgtggecgagggcacgectgcttgggegteatggeategtegectttgetecttge-—tt-—tgct- gcggaaattgacctegtgtg-—-Cocte-——— ggt tagtcg-gcaattgt tggt-cgecc-cgtec tgaacgt--
cgteceegttg--cgteggaatgagtectc-—-aagaga--ccccg-tgtga-ttgegacat-—--— -tgtc-—catc-atatt,
2660_FCM_1321_Elettariopsis -tg-g-ttgtg-: agcttgeece-ttct-tt-g--cccc-a-tgtt-agtgggcaattgactg-taactcggtgegagcageaccaaggaacaatgaacttagaagcagaggg-cecte--geegtgege-gggg-agecttatgegteggagatgecteg-
act tgagtctt ttgctecttge----tt---tgct-g ---CCCtC------f tagtcg-gcaattgt! tggt-cgeec tgaacgt--
cgtcceegttg--cgtcggaatgagtectc-—-aagaga--ccecg-tgtga-ttgegacat----—c gtcg-tgtc-—-catc-atattgtggeeccaa
Z303_FCM_425_Elettariopsis_sp_cinr cat tg-a-ttgtg-aatatgtcagcttgeece-tict-tt-g--cecc-a-tgtt-agtgggeaattgactg-taactcggtgcgageageaccaaggaacaatgaacttagaagcagaggg-cecte--gecgtgege-gggg-agecttgtgegteggagatgecteg-
act tgagtctt ttgctecttge----tt---tgct- ---CCCte---—- tagtcg-gcaattgt tggt-cgeec- tgaacgt--
cgtcceegttg--cgtcggaatgagtccte-—-aagaga--ccecg-tgtga-ttgeggeat--——cgtgeggaagegteg-tgte-—-cate-atattgtggececaa
GB_AY769832_Elettariopsis_unifolia cattgaatgatgga-tg-g-ttgtg-aatatgtcagcttgecce-ttet-tt-g--ccte-a-cgte- tgactg- gaact -cccte- -gggg-agccttat -
gaatcaaatgactctcggc tcggctettgcatc gt gatact tgcagaatctcgtgaaccattgagtctttgaacgcaagtigtgeecgaggecttgtggeegagggeacgcctgetigggegteatggeategtegectttgetecttge--—-tt-—-tgtt-ggtgecaagegeggaaattgacctegtgtg---cecte------gggegeagteggtigaagageggg-tagteg-geaattgtigggace tggt-cgeee-cgtec tgaacgt--
cgteceegttg--cgteggaatgagtectc-—-aagaga--ccecg-tgtga-ttgeggeat-----C -tgtc---catc-atat
Z123_FCM_294_Elettariopsis_unifolia cattgaatgatgga-tg-g-ttgtg-aatatgtcagcttgeece-ttct-tt-g--ccte-a-cgtc-agtgggcaattgactg-taactcggtgegagcagcaccaaggaacaatgaacttagaagcagaggg-cecte--ggegtgege-gggg-agecttatgegteggagatgecteg-
act tgagtctt ttgctecttge----tt---tgtt- ---CCCte--—--f -tagtcg-gcaattgt tggt-cgeec- tgaacgt—
cgteceegttg--cgteggaatgagtectc-—aagaga--ccecg-tgtga-ttgeggeat-----C -tgtc---catc-atat
7636_FCM_1283_Elettariopsis_sp cat tg-g-ttgtg- agcttgecee-ttet-tt-g--cctc-a-cgtc-agtgggceaattgactg-taactcggtgegageageaccaaggaacaatgaacttagaagcagaggg-cecte--ggegtgege-gggg-agecttatgegteggagatgecteg-
tgagtctt t ttgetecttge----tt---tgtt- ---CCCte--—--f -tagtcg-gcaattgt tggt-cgeec- tgaacgt—

cgtccecgttg—cgteggaatgagtcctc-—aagaga-—ccecg-tgtga-tigeggeat-—cgtgtggaagegteg-tgte—catc-atattgtggeeccaa
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Z661_FCM_1326_Elettariopsis cattgaatgatgga-tg-g-ttgtg-aatatgtcagcttgeeee-ttet-tt-g--cctc-a-cgtc-agtgggcaattgactg-taactcggtgegagceageacc: ttagaagcagaggg-ccctc--ggegtgege-gggg-agecttatgegteggagatgecteg-

tgagtctt tgct ----tt---tgtt ---CCCte----- -tagtcg-gcaattgt -Cgeec -tgaacgt--
cgtcccegttg--cgtcggaatgagtecte---aagaga--ccecg-tgtga-ttgeggeat---—cgtgtggaagegteg-tgte--catc-atattgtggeeccaa
Z304_FCM_423_Elettariopsis_sp_aff_unifolia cat tg-g-ttgte- ttgecee-ttct-tt-g-cete-a-cgte- tgactg-t: t -cccte--f -gggg-agectt -
tgagtctt ttgctecttge----tt---tgtt-| ---CCCtC----~f -tagtcg-gcaattgt ~CECCC tgaacgt--
cgtcceegttg--cgtcggaatgagtecte---aagaga--ccecg-tgtga-ttgeggeat---—cgtgtggaagegteg-tgte--catc-atattgtggeeccaa
Z638_FCM_1282_Elettariopsis_sp cat tg-g-ttgtg- ttgccee-ttet-tt-g--cctc-a-cgte-: tgactg- -cCCte--| -gggg-agect a
tetegec gectcttgc gatact tgc tgagtctt tgtgcccgaggcecttgtggccgagggeacgectgctigggegteatggeategt cgectttgetecttge--—-tt-—-tgtt- gcggaaattgacctegtgtg-—-cecte--—-f gettgaagageggg-tagtcg-geaattgt! tggt-cgeec-cgtcy tgaacgt-
cgtececgttg-cgteggaatgagtcecte-—-aagaga--ccecg-tgtga-ttgeggeat---—-c -tgtc-—-catc-atat
Z329_FCM_422_Elettariopsis_sp cat -tg-g-ttgtg-: agcttgecce-ttet-tt-g--cctc-a-cgtc-agtgggeaattgactg-taactcggtgegageageac tt -cccte--ggegtgege-gggg-agecttatgegteggagatgecteg-
tgagtctt ttgctecttge----tt---tgtt- ---CCCtC----- tagtcg-geaattgtt -CgCCC- -tgaacgt--
cgtececgttg-cgteggaatgagtcectc-—-aagaga--ccccg-tgtga-ttgeggeat---—- cgtgt -tgtc---catc-atat N
Z641_FCM_1285_Elettariopsis_sp cat tg-a-ttgtg: ttgtcce-ttee-tt-g--cccc-a-tgtt- tgactg-tagytcggtgcgagceageac -cccts--geegtgege-gggg-agecttatgegteggagatgecteg-
gaaccattgagtctt ttgctecttge----tt--—-tget- ---CCCtC------f agtcg-gcaattgt tggt-cgeec- tgaacgt--
cgtcceegttg--cgtcggaatgagtccte---aagaga--ccctg-tgtga-tigeggeat-----cgtgtggaagtgecg-tgte---catc-atattgtggeeccaa
Z643_FCM_1284_Elettariopsis_sp tg-a-ttgtg-nnnnnnr -ttec-tt-g--cccc-a-tgtt- gactg- t -cccte--| -gggg-agect -
tetegge gactcttgc gt gatact tgc gaaccattgagtctt tgtgccegaggectt acgectgettgggegteatggeategtegectttgetecttge--—-tt---tgct- tggcctegtgtg---cocte----- ggt agtcg-geaattgt tggt-cgeec- tgaacgt--
cgtecccattg-- gag: cctg-tgtga- e -tgtc---catc-:
GB_AY352013_Elettariopsis_smithiae cattgaatgctgga-tg-g-ttgtg-aatatgtcagettgeccc-ttet-tt-g--ccec-a-tgct-agtgggeaatcgactg-taactcggtgegageageacc tt -cccte--gtegtgege-gggg-agecttatgegteggagatgectea-
tetegec gectct act tgagtctttgaacgcaagt cgectttgetecttge--tt-—-tgct- ---ccctg agtcg-geaattgti tggt-cgeec-cgtacy tgaacgt-
cgtcceegttg— gaga--ccceg-tgtga-ttgeggeat-—— -cg-tgtc---catc-atatt
Z635_FCM_1277_Elettariopsis cattgaatgctgga-tg-g-ttgtg-aatatgtcagcettgeccc-ttct-tt-g--cccc-a-tgct- -t -cccte--gtegtgege-gggg-agecttatgegteggagatgecteg-
gactcttgc gatact tgagtctt tgtgcctgaggecttgtggecgagggeacgectgct geatcgtegectttgetecttge——tt-—tget-ggtgccaagegeggaaat ——-ccctg acagtcggt agtcg-geaattgttgggacc tggt-cgece-Cy tgaacgt--
cgtcceegttg--cgtcggaatgagtectc-—-aagaga--ccecg-tgtga-ttgeggeat----- -cg-tgtc---catc-atat
Z81_FCM_276_Amomum_subulatum tg-g-ytgtg- -ttec-tt-g--ccec-a-tgtt-f tgactg-tagctcggtgc -ccctc—-gacgtgegc-gggg-agectt: -
tegegge ggctct act tgcagaatctcgtgaaccattgagtctt tgt ttgctecttge--—tt-—tgct-ggtgt g---CCCte---—- tagtcg-gcaattgt tggt-cgecc- tgaacgt--
cgteccegtig-—cgtegggatgagtectc-—-aagaga--yeetg-tgtga-ttgeggett-—-—c
GB_AY769826_Amomum_| catt gt tgccce-ttee-tt-g--cecc-a-tgtt- ttactg-tagc t -ccctc--gacgtgege-gggg-agectt: 8-
nnnnnnnr nnnnnnnr nnnnnnnnnnr nnnnnnr nnnnnnr ttgctectttc--—tt---tgtc-ggt tgacctegtgtgct-ctete----—- cggt -tagtcg-
gcaattgt -tgaacgt--cctccccgttg--catcgggatgaatcctc---aagaga--cectg-tgtga-ttgeggea: gtgtgaaagtgtcg-agtc---catc-atattgtggceccaa
796_FCM_292_Amomum_| ideum cat tg-g-ttgtg-aatatgtcaacttgeccc-ttec-tt-g--ccec-a-tgtt- ttactg- -cccte-- -gggg-agectt gecteg-
tegeggc teggctct t agaatctc tgagtctttgaacgcaagt acgectgettgggegteatggc ttgctectt tt---tgtc geggaaat -ctctc——-gggcacagteggt tagtcg-geaattgttgggac tggt-cgecc-tgtgc tgaacgt—
cgtcceegttg--catcgggatgagtecte-—-aagaga--ccctg-tgtga-ttgeggeat-----c -agtc---catc-atatt
Z429_FCM_690_Amomum_plicatum -tg-a-ttgtg-aat -ttce-tt-g--cccc-a-tgtt- tgactg-tagct ttagaagcataaag-ccctc--f -gggg-agect cg-
teteggc ggctettge gatact tgagtctttgaacgcaagttgtgcccgaggecttgtggtcgagggeacgectgct gectttgetecttge----tt---tsct-ggtgccaagegeggaaattgacctegtgtgeectecte--—-- gggcacagtcggt gtck-geaattgttgggaccgatgggtgtiggt-cgecc-tgtgegtgaac-tgaacgt--
cgteceegttg--cgttkggatgagtecte---aagaga--ccecg-tgtga-ttgeggeac---—- g-tgtc---catc-atatt
Z450_FCM_691_Amomum_cf_r [¢ tg-a-ttgtg: -ttce-tt-g--cccc-a-tgtt-| tgactg-tagctcggtgegatc -cccte-gacgtgege-gggg-agecttatgegteggagatgecteg-
teteggo ggctct act tgagtctttgaacgcaagt gectttgetecttge--—-tt-—-tgct-ggtgccaagegeggaaattgacctegtgtgeectectc-—- cget tagtcg-gcaattgt tggt-cgecc-tgtgcgtgaac-tgaacgt--
cgteeeegttg—cgt gaga--ccceg-tgtga-ttgeggeac-—--— -tgtc---catc-:
Z491_FCM_225_Amomum_sp -tg-a-ttgtg- -ttce-tt-g--cccc-a-tgtt- gactg-tagctcggt -cccte--gacgtgege-gggg-agecttatgegteggagatgecteg-
gaatcaaatgactctcggc ggctettge gatact tgcagaatctc tgagtctt tgtgccegaggect acgectgcttgggegteatggeategtegectttgetecttge----tt-—-tget- gcggaaattgacctegtgtgeectecte--—--- gggcacagtcggt tagtcg-geaattgttgggacc tggt-cgece-tgtgegtgaac-tgaacgt--
cgteeeegttg—-cgt gaga--ccceg-tgtga-ttgeggeac---—c cg-tgtc---catc- cccaa
Z665_FCM_1336_Amomum_r tg-a-ttgtg-aat geeee-ttee-tt-g--cccc-a-tgtt-ggtgggeaattgactg-t tagaagcataaag-ccctc--gacgtgege-gggg-agecttatgegteggagatgecteg-
gaatcaaatgactctcggc ggctettge gatact tgcagaatctcgtgaaccattgagtctttgaacgcaagttgtgeccgaggecttgtggtcgagggeacgectgcettgggegteatggeategtegectttgetecttge----tt---tect- gcggaaattgacctegtgtgeectecte--—--- gggcacagtcggt tagtcg-geaattgttgggacc tggt-cgecc-tgtgegtgaac-tgaacgt--
cgteceegttg--cgttgggatgagtcctc-—-aagaga--ccecg-tgtga-ttgeggeac-—---C -tgtc---catc-atat
722_FCM_182_Aframomum_chrysanthum cat -tg-g-ttgt, aacgtgecct-tece-tt-g--cccc-a-tgtt-ggtgggcaattgaceg-tageteggtgegatcggeaccaaggaacaatgaact: -cccte--gacgtgege-gtgg-ageccaatgegteggagataccteg-
act tgagtctt ttgctecttge----tt-—-tgct- tggcctettgtg---cocte----— tagtcg-gcaategt tggt-cgecc- -tgaacgt--
cgteccegteg--tgte te gtga-ttgcggegt-—--cgc cg-tgtc-—-cgtc-atattgtggeeecaa
7236_FCM_394_Afr im_alboviolaceum  cat tg-g-ttgt, gtgeect-ttee-tt-g--cccc-a-tgtt-f tgaccg-f ggcaccaaggaacaatgaacttagaagcagaggg-cccte--gacgtgege-gtgg-ageccaatgegteggagatgecteg-
act gaaccattgagtctt ttgetecttge----tt---tget- ---CCCte--—--f tagtcg- tggt-cgecc- -tgaacgt--
cgtccecgacg--tgte te- gt} tgcggegt-—---cge cg-tgtc---cgtc-atattgtggecccaa
7253_FCM_407_Renealmia_battenbergiana  cat tg-g-ttgte- gt -ttee-tt-g--cccc-a-tgtt- tgaccg- -cocte--gatgtgege-gegg-ageccaatgeggaggagatgecacg-
gaatcgaatgactctcggc ttggctcttgc gt gatact tgcagaatctcgtgaaccattgagtctttgaacgcaagttgtgcccgaggecttgeggtegagggeacgectgcttgggcgteategeategtegectttgetectcte-—tt-—tgtt- gaaaattggcctegtgtg-—-ccctc-——-gggcacagtcggc tagtcg-geagtc tggt-cgccc-tgtecy -tgaacgt—
--tgt gtga-ttgcggegt-—- -tgtt-—-cgtc-atatty
2575_FCM_140_Renealmia_polypus cattgaatgatgga-tg-g-ttgtg-aatgtgttaacgtgcece-tice-tt-g--cccc-a-tgtt-ggtgtgcaattgaceg-tagetcggtgegatcggeaccaaggaacaatgaact! -cccte--gatgtgege-gggg-ageccaatgeggaggagatgecacg-
gaatcaaatgactctcggc ttggctcttgeatc gatact e tgagtctt tgtgcccgaggccttgeggtegagggcacgectgcttgggegtcattgeategtegectttgetectcte-——tt-—-tgte- tggcctegtgtg---cocte-—— ggt tagtcg-ge e tggt-cgecc- tgaacgt--
--tgt gtga-ttgcggegt-—- -tgtt-—-cgtc-atatty
2264_FCM_357_Siliquamomum_oreodoxum cattgaatgatgga-tg-g-ttgtg-aatgtgtcaacgtgecce-tttegtt-g--cccc-a-tgtt-f tgaccg-tagctcy ggraccaaggaac agaagcagaggg-ccctt— -gggg-agcccaatge 8-
act tgagtctt tgt ttgctecttge----tt---tgct- ---CCCte--—--f cget -tagtcg- tggt-cgeec- -tgaacgt--
cgtcceegteg--tgttgggatgagtccte---aggaga--ccttg-tgtga-ttgeggeat-----cgcgtgaaagtgeeg-tgtt---cgtc-agattgtggecccaa
Z430_FCM_672_Siliqu cat tg-g-ttgtg: -tttegtt-g--cccc-a-tgtt- - -ccctt-- -888! ccaat -
gaatcaaatgactctcggc tcggctettgcatc gt gatac tgcaaaatctcgtgaaccattgagtctttgaacgcaagtigtgccegaggecttgtggecgagggeacgectgcttgggegteatggeategtegecttgetecttge-—-tt---tget-ggtgecaagtgeggaaattggectegtgtg---cccte------gggeacagteggt tagtcg-acagtcgtcgggeac tggt-cgect-tgtgegtgaac-tgaacgt--
cgeeceegteg--tgt cte---gggaga--ccctg-tgtg: tgcggcat-----cgcgtgaaagtgtcg tgtc---cgtc-agattgtggececaa
Z305_FCM_441_Siliquamomum_tonkinensis  cat 1 -tttcgtt-g--cccc-a-tgtt- tgaccg-tagcteggt -ccecte--, geeg tg-
taatcaaatgactctcggc tcggctettgeatc gatact tgcagaatctcgtgaaccattgagtctttgaacgcaagttgtgecegaggecttgtggtcgagggeacgectgcttgggegteatggeaacgtegectttgetecttge----tt-—-tget-ggtgecaagegeggaaattgacctegtgtg---tecte------gggeacagteggt tagtcg-acagtcgtcgggesc tggt-cgecc-tgtecy tgaatgt
--cct cctg-tgtga-ttgeggegt---—- g-tgtc---cgtc-agattgtggecccaa
7339_2P_FCM_523_Alpinia_ murdochu cattgaatgacgga-tg-a-ttgtg-aatgtgtcaacgtgeecc-attectt-g--cecc-a-tgtt-ggtgggegactgaccg-gageteggtgcgateggeaccaaggaacaatgaact cagaagcaaaggg-ctete--aatgtgegt-gega-ggcctaatgeticagagatgecteg-
act tgagtctt ttgctecttge----tt---tgct- ---CCCtC---- gtgge-tagtcg- tggt-cgeec- tgaacgt--
cgtctegteg-tgttgggatgageecte--aagaga--ccctg-tgtga-ttgeggegt-—-—-cgegtggaagegeeg-tgte-—-cate-agattgtggececaa
Z356_FCM_070_Alpinia_cf_aquatica catcgaacgacgga-tg-g-ttgtg-aatgtgtcaacgtgecce-tttectt-g--cccc-a-tgtt-ggeggt -tagct -ccctc-ggtgtgecc-gggg-aagecaatgegteggagatgectta-
t act gaaccattgagtctt ttgcaccttge----tt---tgtt- ---CCCt - tagtcg-geagt tggt-cgeec- taaatgt:
cgeeceegteg-tgttgggacgagtecte---aagaga--cectg-tgega-ttgeggege-—-cgtgtgaaagegeeg-tgte—-catc-ggattgtggecccaa
Z340_FCM_524_Geostachys_densiflora cattgaatgacgga-tg-g-ttgtg-aatgcegtcaccgttctee-ttttett-g--cecc-attttt- gattg-tagctcggt -cccte—-| -gggg-ageecaat
gaatcaaatgactctcggcaatggatatctcggetcttgeate gt gatacttggtgtgaattgcagaatctcgtgaaccattgagtctttgaacgcaagttgtgeccgaggecttgtggecgagggeacgectgtttgggegteatggeategtegectttgetecttge----tt-—tget-ggtgectagtgegaaaattggectegtgtg-—-ctete--—-gggggeacagteggttgaagagtggg-tagtcg-geagtegtegggcgegatgggtgtiggt-cgecc-tgtgegtgaac-tgaacgt--
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cgtcceegtea--tgt tcctc---aagaga--ccctg-tggga-ttgtggegt---—ct g-tatc---cgtc-agattgtggeeccaa
7348 _FCM_533_Geostachys_| hyll cati tg-g-ttgts -tttcctt-g--cecc-a-tttt-| - cte--f -aggg-age
tetegec gectettgc gt gatact tgcagaatctcgtgaaccattgagtctttgaacgcaagttgtgectgaggecttgtggecgagggeacgectget atcgtegectttgeaccttge----te-—-tget-ggtgec: tggectegtgtg---cccte--— g8t tagtcg-geagtegtegggegc tggt-cgect- -tgaacgt--
—tgt tectc ga--ccctg-tggga- -tatt-—tgtc-agat
Z431_FCM_667_Geostachys_sp cat -tg-g-ttgtg: -ttttgtt-g--cccc-a-tttt- - t -cCCte--| -gL8e-: -
teteggc teggctcttgc gatact tgc tgagtctt tgtgcecgaggectigtggecgagggcacgectgetigggegteatggeategtegectttgetecttge-——tt---tgct- gcggaaattggectegtgtg-—-cccte--— atagtcggtc tagtcg-geagtcgtegggtgcgatgggtatiggt-cgect-tgtgegtgaac-tgaacgt--
= tecte: I:¢ cctg-tggga-ttgeggege--—-- -tatc---cgtc-agat
GB_AY742443_Alpinia_zerumbet cattgaacgacgga-tg-g-ctgtg-aatgtgtcaacgegeece-ttteget-g--cccc-a-tgtc-ggeagttgattgateg-tageteggtgegatctgeace tcagaagcatatggccccte--agegtgege-gggg-aggecagtgeateggagatgecte--
tgagtctt tgggcgtc ttgctecttge----te---tgte-| ---CCCtC------ tagtcc-gcaatct tggt-cgeec- -tgaactt--
cateccegtce-tgttgagatgagtectc-—-aagaga--cceig-tgtga-tageggegt-——-cgcataaaagegteg-tgte—catc-atattgtggeeccaa
Z143_FCM_307_Alpinia_chi -tg-g-ctgtg: -tttcget-g--cccc-a-tgte-ggeagttgattgateg- - -888e- -
tgagtctt gtcgectttgetecttge----te-—-ttteg ---CCCtC--—--| taatcc-| tggt-cgece-t -tgaacat--
cgtcccegteg--tgttgagatgagtcctc---aagaga--ccctg-tgtga-tageggegt---—-cgeataaaagegteg-tgtc-—-catc-aaattgtggecccaa
Z446_FCM_689_Alp_Cf_breviligulare cat tg-g-ctgtg: -tttcgcet-g--cccc-a-tgtc-ggeagttgattgatcg- -~ -gggg-: -
tcteggc tgcatc gatgct tgcagaatctc tgagtctttgaacgcaagttgtgcecgaggcttegeggeegagggeacgectgettgggegteatggeategtcgectttgetecttge---te--tgtc-ggtgecaagegeggaaattggectegtgtg---ceete----— taatcc-geagtcgtegggec: tggt-cgeec- -tgaacgt--
—-tgt gag: cctg-tgtga-tageggegt---—- -tgtc---catc-:
Z452_FCM_688_Alpinia_zerumbet_clade cattgaacgacgga-tg-g-ctgtg- gegeece-ttteget-g--ceec-a-tgte-ggeagttgattgatcg-tageteggtgegatctgeac te ggccccte--agegtgege-gggg-aggccaatgeatcggagatgecte--
tgagtctt getecttge----te--—-tgte-| ---CCCtC--—-- taatcc-| tggt-cgece-t -tgaacgt--
cgtcccegteg--tgttgagatgagtcctc---aagaga--ccctg-tgtga-tageggegt---—-cgeatcaaagegteg-tgte---catc-aaattgtggeeccaa
7548_FCM_776_Alpinia_sp_nov cat tg-g-ctgtg: -tttcgct-g--ccec-a-tgte-ggeagttgattgatceg-tageteggt cecte--i 8888 -
tgcatc gatact tgagtctttgaacgcaagttgtgeccgagget tgggcgtcatggeategtegectttgetecttge----te---tgtc-ggtgccaagegeggaaat ---CCCtC------f taatcc-ge 8 tggt-cgeec- -tgaacgt--
cgtcccegteg--tgttgagatgagtccte---aagaga--cectg-tgtga-tageggegt---— -tgtc---catc-aaat
Z449_FCM_673_Alpinia_sp catty -tg-g-ctgtg- -tttcget-g--ccce-a-tgtc-ggeagttgattgateg-tagctc tc--agegtgcege-gggs- Ci -
act gaaccattgagtctt t get atcgtcegectttgc tggectegtgtg-—-cocte--—- taatce- tggt-cgecc-tgtgegtgaac-tgaacgt--
--tgt igaga--ccctg-tgtgr-taacggegt-----cgcataaaagegtcg-tgte---catc-aaattgtggeeccaa
Z454_FCM_678_Alpinia_rugosa catt -tg-r-mtgtg: -tttcget-g--cccc-a-tgte-ggeagt - atggceccte-- -rggg-i —
act tgagtctttgaacgcaagt ctgcttgggegte cgectttgetecttge--—te-—tgte- tggectegtgtg---cecte-——-- taatce- tggt-cgccc-tgtgegtgaac-tgaacgt--
--tgt igaga--ccctg-tgtga-taacggegt---—-cgcataaaagegteg-tgtc—-catc-aaattgtggecccaa

Z461_FCM_700_Alpinia_rugosa catt -tg-r-mtgtg: -tttcget-g--cccc-a-tgte-ggeagt -

-rege- -

cgtcceegteg--tgttgagatgagtecte---aagaga--ccctg-tgtga-taacggegt----cgcataaaagegteg-tgte—-catc-aaattgtggeeccaa

--tc---tgtc-ggtgee tggectegtgtg---cecte--—--f gggcacagtcgge taatcc-geagtegtef

gttggt-cgeee-tgtgegtgaac-tgaacgt--

Z453_FCM_687_Alpinia_puffy_calyx cattgaacgacgga-tg-g-ctgtg- -tttcget-g--cccc-a-tgte-ggeagttgattgatceg-tageteggtec ccte--agegtgege-gggg-aggccaatgeateggagatgecte--
act tgagtctt tgtgcccgaggcttcgc gct ttgctecttge--—-te--tgte- ---CCCt e taatcc-geagtegt tggt-cgeec- -tgaacgt--
cgtcccegteg--tgttgagatgagtcctc---aagaga--ccctg-tgtga-taacggcgt----cgeataaaagegteg-tgte-—-catc-aaattgtggecccaa
Z435_FCM_694_Alpinia_puffy_bracts cattgaacgacgga-tg-g-ctgtg-aatgtgtcaacgegceecc-ttteget-g--cecc-a-tgte-ggeagttgattgatcg-tagctc atatggccccte--agegtgege-ggge- aggccaatgcatcggagatgcctc——
act tgagtctttgaacgcaagt ctgcttgggcgtcatggeategtegectttgetecttac—--te---tgte- ---CCCtC----- taatcc-geagtegt tggt-cgeec- -tgaacgt--
--tgt igaga-cccctg-tgtga-tageggegt-—-- -tgtc---catc-:
Z313_FCM_047_Alpinia_suishanensis catt g tgtg: -tttcget-g--cccc-a-tgtt- tgaccg-tagctcggtgegatct -cccte-- gage: c--
tgc tgagtctt tgtgc acgcctgcttgggegteatggeategtegectttgetecttge--—-tt-—-tgte- gcggaaat -=-CCCtC-----f gggcacagtcgge taatcc-acagtcgtcgggegc tggt-cgeec- -tgaacgt--
cgteccegeeg--tgt tc---aagaga--ccctg-tgtga-tageggege----- cg-tgtc---catc-aaattgtggeeccaa
Z433_FCM_671_Alpinia_cf_oblongifolia  cattgaacgacgga-tg-g-ttgtg-aatgtgtcaacgtgtccc-ttttgtt-g--cccc-a-tgtt- tgaccg-tagctcggtgegatctgeaccaaggaacaatgaactc: gg-cccte--agegtgegy-gage- C te--
aaatcaaatgactcteggc tgcatc gatact tgcagaatctcgtgaaccattgagtctttgaacgcaagttgtgeccgaggecttgtggecgagggeacgectgctigggegte gectttgetacttge----tt—--tgte- gcggaaattggectegtgtg---ccctt: acagtc taatcc-geagtcy tggt-cgeee-tgtgegtgaac-tgaacgt--
--tgt gaga--ccctg-tgtga-ttgeggegt-—-—cac -tgtc---catc-aaat
Z447_FCM_680_Alpinia_compacta cattgaacgacgga-tg-g-ctgtg- aacgtgeccc-ttttgtt-g--cccc-a-tgtt-ggeagetgattgaccg-tagetcggtgcegatetgeaccaaggaacaatgaacacs -cecte-- -8888- atc -
act tgagtctt ttgctacttge----tt---tgte- t ---CCCte-----f taatcc-geagtegt tggt-cgeec- -tgaacgt--
cgtccccgecg—-tgt tc---aagaga--ccctg-tgtga-ttgcggegt-——Cac cg-tgtc—-catc- cccaa
2451_FCM_699_Alpinia_sp cat -tg-g-ttgt, -ttttgtt-g--ccoc-a-tgtt-ggcagetgattgaccg-taget -cccte-- -gagg -
aaatcaaatgactcteggc tgcatc gatact tgcagaatctc tgagtctt tgtgccegaggect acgectgcttgggegteatggeategtegectttgetacttge----tt-—-tgte- gcggaaattggectcegtgtg---cccte---- taatcc-acagtcy tggt-cgcee-tgtgegtgaac-tgaacgt--
cgteccegeeg--tgt te ccectg-tgtga-ttgeggegt-—--¢ cg-tgte---catt- cccaa
7298_FCM_269_Alpinia_aff_melichroa cat -ta-g-ttgtg: -tttcgtt-g--cecc-a-tgtt-ggergtegattgatca-t -ccctc--agegtgege-gegg-ageccaatgeatcagagatgecteg-
aaatcaaatgactctcggc tgcatc gtage t tgcagaatctcgtgaaccattgagtctttgaacgcaagttgtgcccgaggecttgtggecgagggeacgectgcttggggteatggeategtegectttgetecttge-—tt-—tgtt- tggcctegtgeg-—-cocte——— -caatcg-acagtcgtcgggc tggt-cgecc- -taaacgt--
cgteccerteg--tgtsaagatgaatcctc---aagaga--cectg-tgtga-ttgtggcat----cgeac- -tgtc-—catc-aaatt
269_FCM_269_Alpinia_aff_melichroa cat -ta-g- aacgtgeeccttttegtt-g--cccc-a-tgtt-ggeagtcgattgatca-tageteggtgegateggeacc tcggaagcagatgg-ccctc--agegtgege-gggg-aggecaatgeatcagagatgecteg-
act tgagtctt tgt t ttgctecttge---tt-—tgtt- ---CCCte-—--— ggg-caatcg- tggt-cgeee- -taaacgt--
cgteeeegtcy ctc: g cctg-tgtga-ttgtggcat-----cgcac-aaagtgcca-tgtc-—-catc-aaattgtggecccaa
Z325_FCM_048_Alpinia_melichroa cattgaacgacgga-ta-g-ttgtg-aatgtgtcaacgtgeece-tttegtt-g--cccc-a-tgtt-ggeggtegattgatca- tagctcggtgcgatcagcaccaaggaacaatgaactcggaagcagatgg ccctc--agegtgtge-gggg-aggecaatgeatcagagatgecteg-
act gaaccattgagtctt tt ttgetecttge-——-tt---tgtt- tggcctegtgtg---cocte--—-— aattg-acagtcgt tggt-cgeec- -taaacgt--
cgteeeegteg--tgtc: ctc: gaga--ccctg-tgtga-ttgtggeat-—---cgcat-gaagtgecg-tgte--ttatc-aaattgtggecccaa
Z354_FCM_067_Plagiostachys_roseiflora  catt -tg-g-ctgtg: -tatcatt-g--cccc-a-tgt tgatca-tagct ggeeccte-- £88g: ca-
aaatcaaatgactctcggeaacggatatcteggetcttge t tgcagaatctcgtgaaccattgagtctttgaacgcaagttgtgeccgaggecttctggecaagggeacgectgettgggegteatggeategtegectttgetecttge----tt-—tgtt- gcggaaattggectegtgtg---cecte--—--- ggacacagtcgge aatcg-geagtegtegggc: tggt-cgeee- -tgaacgt--
cgteceegteg--tgtcaggatgagtcctc-—aagaga--cectg-tgtga--tgeggegt-—-— -tgtc---catc-i aa
7539_FCM_766_Plagi hys_sp cattgaatgacgga-tg-g-ctgtg-aatgtgtcaacgtgcece-tttegtt-g--cecc-a-tgtt-ggeggtegattgatca-tageteggtgegateggeace tcagaagcagatggcccectc--agegtgege-gges: caatgcatcagagatgcctca-
aaatcaaatgactctcggc teggctettgeatc gatact tgcagaatctcgtgaaccattgagtctttgaacgcaagttgtgeccgaggecttgtggecaagggeacgectgettgggegteatggeategtegectttgetecttge----tt---tgtt-ggtgccaagegeggaaattggectegtgtg---cecte------ggacacagtcgge aatcg-acagtcgtcgggegcy tggt-cgcec-tgtgegtgaac-tgaacgt-
-, gaga--ccctg-tgtga-ttgeggegt-—-—cgeat -tgtc--cgtc-aaat

Z91_FCM_289_Plagiostachys_parva

cattgaacgacgga-tg-g-ctgtg-aatgtgtcaacgtgccecc-tttcatt-g--cccc-a-tgtt-ggeaatcgattgatca-tageteggtgcgatcggeaccaaggaacaatgaactcagaageagatggeeccte--agegtgcge-gggg-aggccaatgeatcagagatgectca-

tgagtctt tgt ttgctecttge--—-tt-—-tgtt- ---CCCte---—- aatcg- tggt-cgecc- -tgaactt--

cgtcceegteg--tgtcaggatgagtecte-—-aagaga--ccctg-tgtga-ttgeggegt--——-cgeatgaaagegeegcetgte-—-cttc-aaattgtgecccaag

Z82_FCM_272_Alpinia_aff_officinarum catt tg-g-ttgtg-i gtgccee-tttcatteg--cccc-a-tgtt- tgatca-f -cecte— g8 tg-

aaatcaaatgactctcggc tcggetettgeatc gatact tgcagaatctcgtgaaccattgagtctttgaacgcaagttgtgcccgaggecttgtggecgagggeacgectgctigggegteatggeategtegectttgetecttge--—-tt-—-tgtg-ggtgtcaagegeggaaattggectegtgtg---cecte----—-gggeacagteggeegaagagtggg-caatcg-geaatcgtegggegegatgggtgttggt-cgeee-tgtgegagaac-taaacgt--
-, gaga--ccctg-tgtga-ttgeggegt-——- g-tatc--—-catc-aaat

GB_AF478891_Siamanthus_ C -tg-g-ttgtg- gtgtcce-tttegtt-g--cccc-a-tgtt- taaccc-t -ccctc--ggegtgegt-geee:

aaatcaaatgactctcggc tcggctettgeatc gatact tgcagaatctcgtgaaccattgagtctttgaacgcaagttgtgeccgaggecttgtggecgagggeacgectgettgggegteatggaategtegettttgetecttge-—-tt-—-tget-ggtgegaaatgegaaaattggecttgtgtg—cecte--—--gggeatagteggttgaagagtggg-taggeg-geaatcategggegegatgggtgtiggt-cgeec-tgtgegtgaac-tgaacat--
--tgttggcaty ccta-tgtga-ttgeggegt-—--c cg-tgtc-—-catc- cccaa

788_FCM_293_Elettaria_car i gga-tg-g-ttgtg-aatgtgtcaacgegeect-—tectt-g-cect-a-tgtt-ggtgggeaattgateg-tageteggtgegatcggeaccaaggaacaacgaacttagatgeagaggg-cectc--gatgtgege-gggg-agetcaatgegteggagatgectca-
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tcteggc tgcatc gatact tgcagaatctcgtgaaccattgagtctttgaacgcaagttgtgeecgaggect ctgcttgggegteatggeategtegectttgetecttget-—-tt-—-tgct-ggtgecaagegeggaaattggectettgtg---cecte-—---gggeacagtcggttgaagagtggg-tagtee-geagtegtc tggt-cgect- -tgatcgt--
cgtececgteg--tgttgggatgagtectc: gaga--ccctg-tgtga- e -tgte---cgte-:
788_FCM_293_Elettaria_car copy cat tg-g-ttgtg- aacgegecct---tectt-g--cect-a-tgtt-ggtgggcaattgateg-tagetc g8c aacgaact -cecte--f -gggg-agcteaatgegteggagatgectca-

tgagtctt ttgctecttget---tt---tget tggcctcettgtg---cecte--—- tagtce-| tggt-cgect-t -tgatcgt--
cgtececgteg--tgttgggatgagtectc: gaga--ccctg-tgty e -tgte---cgte-:

GB_AF478812_Alpinia_conchigera cat tg-g-ttgeg gtgccce-tttectt-g--cecc-a-tgtt-gttgggcaattgateg- tagctcggtgcgatcggcaccaaggaataataaactgagaagcagaggg ccctc--ggtgtgtgc-gggg-ageccaatgegteggagaagecteg-

ttgctecttge----tttgetget-

gaatcattgagtcttt

tagtcg-gtagac

cgtcceegteg--tactgggatgagtcctc-—-aagaga--ccttg-tgtga-ttgcageat-—---cgcatgaaagtgcceg-tgtt-—-catt-agattgtggceccaa

tggt-cgcte-tatgegtgaat-cgaacat--

GB_AF478815_Alpinia_galanga tg-g-ttgeg-: -tttectt-g--cccc-a-tgtt- tgatcg- -cCCte--| -8Le8- -
tetegec tgcatc gatact tgcagaatctcgtgaatcattgagtctttgaacgcaagttgtgcccgaggecttgtggecgagggeacgectgcettgggegteatggeategtegectttgetecttge--—-tttgetget-ggtgctaagtgeggaaattggectegtgtg-—-cecte agtcggt -tagtcg- 888CEC tggt-cactc- -cgaacat--
cgtececgteg--tactgggatgagtcecte-—-aagaga--ccttg-tgtga- —— -tgtt---catc-atat
Z102_FCM_304_Alpinia_galanga cat tg-g-ttgeg- -tttectt-g--cccc-a-tgtt- tgatcg-t -CCCte- -888e-
tcteggc tgcatc gatact tgcagaatct tgagtctttgaacgcaagttgtgcccgaggect ctgcttgggegteatggeategtegectttgetecttge---tttgetget-ggtgctaagtgeggaaattggectegtgtg-—-cect agtcggt -tagtcg- 888CgC tggt-cactc- -cgaacat--
cgtececgteg--tactgggatgagtcecte-—-aagaga--ccttg-tgtga- —— -tgtt---catc-atat
GB_AF478829_Burbidgea_schizocheila catagaatgatgga-tg-g-ctgtg-aatgtgtcaacgtgtcce--tttcte-g--tccc-a-tatc-agtgggegtttgacce-tactteggtgegategge ccte--ggegtgeat-gggg-ageccaatgetteggagaatgeteg-
act tgagtcgt tgcatcgtegcttttgctecttge--—-tt---tgct- g---CCCte-----f tagtcg- -CgCee- -tgaacat--
tgtecectteg--tgtt ctc---aag: ccta-tgtg ggCgt-——-C cg-tgtc---catc-tgattgtggececaa
Z290_FCM_514_Burbidgea_: stenantha tg-g-ctgtg- --tttcte-g--tecc-a-tate- ttgaccc-tact cCte--| -ggge- -
tc tett t tgcagaatctcgtgaaccattgagtctt tgtgcccgaggect ctgcttgggcgtcattgeategtegettttgetecttge--—-tt—tgct- geggaaattgacctegtgtg---cecte-—-—f ggt tagtcg-gcaatcgt tggt-cgeec- tgaacat--
tgtececttca--tgt ctc---aagaga--cccta-tgtg -tgtc---catc-tgattgtggecccaa
Z290_FCM_514_Burbidgea_stenantha.copy tg-g-ctgtg- --tttcte-g--tecc-a-tate-: ttgaccc-tacttcggtge cctc--ggegtgeat-gggg-ageccaatgcttcggagatggeteg-
tc t gatact tgc tgagtctt t t acgectget tgcatcgtegettttgetecttge-—--tt-—-tget- tgacctegtgtg---cecte----—- tagtcg-geaategt tggt-cgeec- tgaacat--
tgtececttca--tgt te: ccta-tgty et -tgtc--—-catc-tgat
719_ko_FCM_197_Burbidgea_sp_nov catagattgatgga-tg-g-ctgtg-aatgtgtcaacgtgtece--tttctc-g--tccc-a-tatc-agtgggegtttgacce-tact! -cccte-- -ggge-
tet act tgcagaatc tgagtctt tgtgcccgaggect acgectget tttgctecttge----tt—tgct-| ggtggcaagcgcggaaattgacctcgtgtg———ccctc —————— get tagtcg-geaatcy tggt-cgeee- tgaacat--
tgtecectteg--t ctc---aagaga--cccta-tgtg: -tgtc---catc-tgattgtgecccaag
7136_FCM_284_Riedelia_sp tg-g-ctgeg- -ttttctc-g--tecc-a-tgte- tcgacce-tactt tete-- -gggg-ageecaatgct cg-
tgcatc gatact tgagtctttgaacgcaagttgtgccegaggect ctgcttgggegtcattgeategtegetcttgetecttge---ct-—cget-ggeggraagageggaaattggectegtgtg---cecte--—— -gggcat: -tagtcg-geaatcgtegggc, tggt-cgeee-tgtgegegaat-teaacgt--
cgteceegteg--tgtt, t gaga--ccctg-tgega-atgeggegt-——- -cgtc---cata-tgat
Z3_FCM_191_Ridelia_aff_arfakensis 1 tgeg-i -ttttcte-g--tccc-a-tgte-: tcgaccc-tactteggtgc tete- -gggge-agcccaatgcttcggagacggeteg-
act gaaccattgagtctt t tgggcgtcattgcategtegcettttgetecttge-—-ct-—-cget- tggectegtgtg-—-cecte-——-- -cagtcg-geaatc tggt-cgcce-tgtgcgtgaat-tcaacgt--
tgtcccegteg--tgttgggacgagtcctc: gaga--ccctg-tgega-atgeggegt-—--1 -cgtc---cata-
Z245_FCM_399_Pleuranthodium_trichocalyx ¢ -tg-a-ttgtg- -ttttcte-g--tccc-a-tgte-agtgggegtttgacce-tact! ccte--ggegtgegt-gage- -
act tgagtctttgaacgcaagt ctgct tgcatcgtcgetettgetecttge----ct-—cget- tgacctegtgtg-—-cocte--—- -tagtcg-geaatc tggt-cgecc-tgtgcy -tgaacgt--
tgtcccegteg--tgttgggacgagtcctc-—-aagaga--cccta-tgtga-atgeggegt---— cac -tgtc---catc-tgat
Z256_FCM_638_Pleuranthodium_sp tg-a-ttgtg- gtcee-ttttete-g--tece-a-tgte-agtgggegttcgacce-tactt ccte—-| 888e: -
tgcatc gatacttggtgtgaat tgagtctttgaacgcaagttgtgeccgaggecttgtggec tgggcgtcattgcategtegettttgetecttge-—--ct---tgct- -=-CCCtC-----f gggcat: -tagtcg-geaatcegtc tggt-cgccc-tgtgegtgaat-tcaacgt-—
tgteceegteg--tgttgggacgagtectc-—-aagaga--cecta-tgtga-atgeggegt---—-cacgtgaaagtgeeg-cgte---cate-tgattgtggececaa
7252_FCM_403_Pleuranthodium_sp tg-g-ttgtg-i -ttttcte-g--tcec-a-tgte-agtgggegtttgacce-tactteggtgcy cccte-ggegtgegt-gggs-
agcccaatget cttgeatc act tgcagaatctcgtgaaccattgagtcttt acgcctgettgggegtcat tttgctecctge-—-ct--agct- ---CCCt e -tagtcg-geaatcgt tggt-cgece-
tgtgcgtgaat-tgaacgt--tgtcceegteg--tgtc ctc---aagaga--cccta-tgtga- ggcat-----C cg-tgtc---catc- aa
Z574_FCM_637_Pleuranthodium_sp catagaatgatgga-tg-g-ttgtg-aacgtgtcaacgtgtcce-ttttcte-g--tece-a-tgta-agtgggegtttgacce-tactteggtgegateggeace te ccte--ggegtgegt-gege-
tgagtctt tgt tgt tttgctecctge-—-ct—-tggt: tggcctegtgtg-—-coctc--——m- -tagtcg- tggt-cgeee-
tgtgcgtgaat-cgaacgt--tgteceegteg--tgt ctc---aagaga--cccta-tgtga- ggcgt-----cac cg-tgtc---catc: aa
Z13_FCM_170_Riedelia_aff_corallina catataatgatgga-tg-g-tcgtg-aatgtgtcaacgtgtece-ttttcte-g--tecc-a-tgte-agtgggegtttgacce-tactt ccte--ggegtgegt-ggge- -
aaatcaaaagactctcggc tgcatc gatact tgcagaatctcgtgaaccattgagtctttgaacgcaagttgtgeccgaggecttgtggecgagggeacgectgettgggegteattgeategtegettttgetecttgecttget---tget-ggey ggaaattggcctegtgtg-—-cecte------ggac tagtcg-gcaatcgtegggc tggt-cgccc-tgtgegegaat-cgaacgt--
--tgt gaga--cccta-tgcga-atgeggeat-—---cac -tgtc---catc-taatt
Z365_FCM_065_Riedelia_sp [ -tg-g-tegtg-: aacgtgtccc-ttttete-g-teee-a-tgtc-agtgggegtttgacce-tactteggtgegateggeace tc cctc--ggegtgegt-gggs-i ttcggagacggeteg-
aaatcaaaagactctcggc tgcatc gatact agaatctc tgagtctttgaacgcaagt geetgettgggegteattgeategtegettttgetecttgecttget-—-tget-ggc, ggaaattggcctegtgtg-—-cecte------ggac tagtcg-gcaatcgtcgggcy tggt-cgeec-tgtgegegaat-cgaacgt--
--tgt gaga--cccta-tgega-i atgcggcat-- -cac -tgtc---catc-taatt
Z363_FCM_155_Alpinia_oxymitra cat tg-a-tagty aatgtgccat-tttectt-g--cccc-a-tgtt-ggtggtcgactgatta-f aaggaacaatgaactcagaagcaaaggg- ccctt——ggtgtccgc -aggg-agcccaatgegteggagatgecteg-
act tgagtctt get ----tt---gget ---CCCtt----t tagtcg-gcaatcgt tggt-cgcee- -tgaacgt--
cgeeceegteg--tgt ctc- cctg-tgtga-ttgeggege-----cgtgtgaaagtgcca-tgte---catc-agattgtggeeccaa
GB_AY742419_Alpinia_monopleura cattgaattacgga-tg-g-ttgtg-aatgtgtcaatgtgecce-tttaatt-g--cccc-a-tgtt- -tagcteggt -cecte--| -gggg-ageccaatgegt cg-
gaatcaaatgactctcggc gactettge gatact tgcagaatctc tgagtctt tgtgcccgaggect acgectgcttgggegtcatggeat-gtegectttgetecttge-—tt—f tggectcgtgtg---cecte--——-gggeacagteggte tagtcg-geagtcy tggt-cgece-tatgegtgaac-tgaacgt--
cgtccecggeg--tgttggaacgagtcctc---aagaga--tectg-tgega-ttgeggega-—---cgegtg--agtgeeg-tatc-—-cgtc-aaattgtggeecccaa
Z571_FCM_628_Alpinia_lll_monopleura cattgaattacgga-tg-g-ttgtg-aatgtgtcaatgtgccce-tttaatt-g--cccc-a-tgtt- -tagcteggt, -cccte—| -8888- t cg-
gaatcaaatgactctcggc gactettge gatact tgcagaatctcgtgaaccattgagtctttgaacgcaagttgtgcccgaggccttgtggtcgagggcacgectgctigggegteatggeat-gegectttgetecttge——tt---1 tggectcgtgtg---cccte--——-gggeacagteggte gtcg-geagtc tggt-cgece-tatgegtgaac-tgaacgt--

gt 838
Z376_FCM_614_Alpinia_lI_nigra

tectg-tgega-ttgeggega-——-cgegte--agtgccg-tatc—cgtc-aaattgtggecccaa
catcgaatgatgga-tg-a-ttgcg-aacgtgtcaacgtgctee-tttectt-g--cctc-a-tgtt-getgggeaategateg-

-cccte--ggegtgeat-gggg-ageccaatgeatcgaagatgectea-

act tgagtctt ttgctecttge----tttgeegee-ggtgct: tggecttgtgtg--- -tagteg-. tggt-cgect- -taaacgt--
catcccegteg--tgetgagatgagtecte---atgaga--ccttt-tgega-ttgegatgt---—caagegaaagega-—tgte-—-ggte-ggattgtggeeccaa
Z361_FCM_164_Alpinia_nieuwenhuizii cattgaacgacggattg-a-ttgtg-aatgtgtcaacgtgcecc-teteget-g--ccec-a-tgtt-ggcagtegattgatca-aageteggtgcgatcggeaccaaggaacaatgaactcagaageagatggecccte--agegtgtge-ggag-aggecaatgeatcagagatgettca-

gaaccattgagtctt ttgetecttge-—-tt-—tgt ggcctegtgtg---cecte--—— aatcg- tggt-cgeec- -tgaacat--

cgtcceegteg--tgecaggatgagtcectcaa-gagaga--cectg-tgtga-ttgeggegt-----cgcatgaaagtgeeg-tgte--teatc-aaattgtggecccaa
GB_AF478817_Alpinia_luteocarpa cattgaacaacgga-tg-g-ctgeg-aatgtgtcaacgtgeece-tttetttgg--cccc-a-tgte-)

tgaccg- -cccte--f cat

ttg-

8888

gaatcgaatgactctcggc teggctettgeatc 8t gatact tgcagaatctcgtgaaccattgagtctttgaacgcaagttgtgcccaaggcttigtggecgagggcacgtetgettgggegteatggeatcategectttgetecttge----tt--tget-ggtgecaagegeggaaattggectegtgtg---cecte--—---ggacacagteggtc agtcg-geagtegteggeegc tggt-aaccg-tgtecgeggat-
-—-tgt cctg-cggga- -agtc---tgtc-gatt
GB_AF478817_Alpinia_luteocarpa.copy cattgaacaacgga-tg-g-ctgeg- aacgtgeccc-tttetttgg--cocc-a-tgte-ggeggecaattgaccg-tageteggtgegateggeaccaaggaacaacgaactcagaageagtggg-cecte--gatgtgeac-gggg-agtecattgeataagagatg-cttg-
t act gaaccattgagtctt t ttgctecttge----tt—tgct- ---CCCtC--- agtcg-| tggt-aaccg- -
cctg-cggga- -agtc---tgtc-gatt
GB_AF478820_Alpinia_vittata catcgaacaacgga-cg-a-tcgeg-aatgtgtcaacgegeecc-tttegttgg--cecc-a-tgte-ggeggecaaccgaccg- tagctcggtgcgatcggcaccaaggaacaacgaactcagaagcagcggg cecte--ggegtgeac-gggg-agtecaccgeacaagagatg-cteg-
tgcat gatact tgagtctt tgt ttgt ttgetecttge--—-te-—-tget- g---tccte-—— -cagtcg-geegt getggt-aacce- -

agaacgtcgcgecctegatg-cgtegggacgagtcctcgaggagaga-—-cectg-cggga-ctgeggeatcgetacgegegaaagtgecg-gate-—tgte-ggtttgtggeeccaa
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Z581_FCM_656_Alpinia_V_purpurata catcgaacaacgga-tg-g-tcgtg-aatgtgtcaacatgeecg-tttecttgg--ceec-a-tgte-ggeggecaactgaccg-tageteggtgegateggeace agcggg-cecte--ggegtgeac-gggg-agtecactgeataagagatg-cteg-

ggctct tgagtctt t ctttgctecttgete--tt—-tget- ---CCCte------ggac -cagtcg- ggt-aaccc- -
agaacgtcgcgeectegacg--tgtey cctg-cggga-ctgeggeatcgetacgcge 8-ggtc---cgte-ggtttgtggeeccaa
GB_AF478899_Vanoverberghia_ sepu\chrel -tg-g-ttgtg: -cttctttgg--cccc-a-tgte- 8 -cccte-, -888E-i teg-
tgagtctt t ttgctecttgett—-tt-—tgee- ===CCCtC-=] -cagtcg- get-aaccc-tgttcgegaat-
agaacgtcgcgeectegacg--cgtc c cctg-cggga-ctgeggeategetacgc cg-agtc-—-tatc-gatttgtggeeccaa
GB_AY742400_Alpinia_caerulea -tg-g-ttgtg: -tttccttgg-ceccc-a-tgte-f ggaca- _cccte—, gata-cttg-
teteggc teggctettge gatact tc tgagtctt tgtgcccaaggctttgtggecgagggeacgtetgctgggegtcatggeateategectttgetecttge--—-te-—-tget- gcggaaattggcctegtgtg---cccte--—--ggacacagteggtc -cagtcg-tcagtegtcy tggt-aaccc-cgtgegegaat-
- cctg-cggga- -ggtc---cgtc-ggt
GB_AF478850_Etlingera_) i caac -tg-g-Cctgtg-: gtcaacgtgceecc-tttecttgg--cece-a-tgte-ggaggecaactgacceg-tageteggtgegateggeacc agcggg-cecte--| -gagg-ageecactge ttg-
ggctct tgagtctt t cgectttgetecttge----te---tgea- ---CCCtC--—---f -cagtcg- aaatcc- -agaacgt--
-t g cctg-cggga- -tgtc-—-cgtc-gaat
Z101_FCM_303_Etlingera_| i ica [ -tg-g-ctgtg-aatgegtcaacgtgecce-tttecttgg--cccc-a-tgtc-ggaggecaactgaccg-tageteggtgegateggeace tcagaagcagcggg-cecte--| -gagg-ageccact ttg-
gactct gagtctt t ttgetecttge-—te-—tget- ---CCCLC--— -cagtcg- -aaaccc- -agaacgt—
cgeectegacg--tgtetggacgagtectc--gagaga--cectg-cggga- ctgcggcatcgcttcgcgtgaaagcgccg tgtc---cgtc-gaattgtggececaa
Z295_FCM_545_Etlingera -tttecttgg--cecc-a-tgte- -t -cccte—, -gagg- ttg-
tcteggc teggctettgc gatact tc tgagtctt tgtgcccaaggcetttgtggeegagggeacgtetgettgggegte cgectttgetecttge----te-—tget-ggtgec tgacctcgtgtg---cccte------ggacacagecggtcaaagageggg-cagteg-ccagtegtegrgegc tggtaaaccc-cgegegegaat-agaacgt--
-t g cctg-cggga- -tgtc-—-cgtc-gaat
Z560_FCM_720_Etlingera_yunnanensis catcgatcaacgga-tg-g-ctgtg-aatgcgtcaacgtgeecc-tttecttgg--cecc-a-tgte-| tgaccg-tagcetc 88C aacgaactc -cccte--ggtgtgeac-gagg-ageccactgeataagagatg-cttg-

t t gaaccattgagtctt ctgct gectt ---CCCtC----— -cagtcg- t -tgcgcecs gaacgt--
= -gag: cctg-cggga- geeg-tgte---cgte-gaat
Z443_FCM_676_Etlingera tg-g-ctgtg: -tttecttgg-ceccc-a-tgte- - -cccte--ggtgtgeac-gagg-ageccactgeataagagatg-ctg-
tcggetcttgc tgagtctti tgtgcccaaggctt tgggcgtc cgectttgetecttge----te-—tget-ggtgec -=-CCCtC-----f -ggacacagtcggtc -cagtcg-geggtc -tgegege: -agaacat--
= gagaga--ccctg-cggga-ct tcgegtgaaagegeeg-tgte-—-cgte- cccaa
Z358_FCM_160_Etlingera_pauciflora tg-g-ctgtg- -tttecttgg--ceccaa-tgte- -tagc agcggg-cecte--ggegtgeac-gagg-ageccattgeataagagatg-cttg-
teggctct act cattgagtctt tgt t get tgacctegtgtg-—cecte-—--— -cagtcg-geagtegt -aacce-Cgege -agaacgt--
-t gagaga--ccctg-cggga-ct gecg-tgte---cgtc-gaat
GB_AF478865_Hornstedtia_hainanensis cacc tg-g-ttgt; -tttccttgg--cocc-a-tgtt-ggtggecaactgaccg-tageteggtgegateggeac agtggg-cccte--ggtgtgcac-gggg-ageccat ttg-
ggctct act tgcagaatctcgtgaaccattgagtctt ttgggcgtcatggeatcategectttgetecttge-—--ty-—-tget-ggt tggectegtgtg---cocte--—- -cagteg- tggt-aaccc-tgege -agaacgt--
= -gag: cctg-cggga-t -tgtc---cgtc-ggat
Z240_FCM_358_Hornstedtia_sanhan -tg-g-ttgtg: -tttecttgg--cccc-a-tgtt- - -cccte--ggtgtgeac-gggg-ageccattgeataagagatg-ctg-
teggetettge tgagtctt tgtgcccaaggctt acgtctget ctttgctecttge----tt—-tgct- gcggaaat ---CCCtC---~f -ggacacagtcggtcaaagagcggg-cagtcg-geagtcgtcggsc -aacce-tgegcl -agaacgt-
a gagaga--ccctg-cggga-ct geeg-tgte---cgte-ggat
Z432_FCM_674_Hornstedtia tg-g-ttgtg-aatgt -ttgecttgg--ccec-a-tgte-ggtggecaactgaccg- agtggg-cccte--ggtgtgcac-gggg-ageccattgeataagagatg-cttg-
tcggetcttgc tgagtctti tgtgcccaaggctt tgggcgtc geetttgetecttge----tt-—tget gcggaaat ---CCCtC------f -ggacacagtcggtcaaagagcggg-cagtcg-geagtcgtcggsc -aacce-tgegcy -agaacgt--
N gagaga--ccctg-cggga-ct -tgtc---cgte-ggat
Z440_FCM_675_Hornstedtia_sp cac tg-g-ytgtg: -ttkecttgg--cecc-a-tgte- cg-t -CCCte--| -gggg-ageccattge ttg-
gectct gatact tgagtctttgaacgcaagt t atcatcgectttgetecttge----tt---tget- ---cccte------ggac -cagtcg-geagt tggt-aacce-tgege -agaacgt--
= -gag: cctg-cggga- -tgtc---cgtc-ggat
Z133_FCM_300_Hornstedtia_conica catcgaacaacgga-tg-g-ttgtg-aatgtgtcaacgtgceece-tttecttgg--cccc-a-tgtt-ggtggecaactgaccg-t -cccte--ggtgtgeac-gggg-ageccattgcataagagatg-ctg-
gaatcgaatgactctcggc teggctcttge gatact tgc tgagtctt tgtgcccaaggettigtggecgagggeacgtetgcettgggegtcatggeatcategecttigetecttge-—--tt---tget- gcggaaattggectcegtgtg---cccte---- -ggacacagtc agtcg-ge 8C -aacce-tgegc -agaacgt--
cgecctegacg--tgtcgggacgagtccte---gagaga--cectg-cggga- ctgcggcatcgcttcgcgtgaaagtgccg tgtc---cgtc-ggattgtggecccaa
Z77_FCM_268_Hornstedtia_minor g -tttcgttgg--cccc-a-tgty gaccg-t -cecte-—f -ggeg-ageecat ttg-
gaattgaatgactctcggc gactcttgc gatacttggtgtgaattgcagaatctcgtgaaccattgagtctttgaacgcaagttgtgeccaaggctt gtctgcttgggegtcatggeatcategectttgetecttge---tt-—-tget-ggtggaagegeggaaattggectegtgtg---cecte--—-- -gggcacagtcggtc -cagtcg-geagtcy tggt-aaccc-tgegegtgaac-agaacat--
-t ga--ccctg-cggga-ct -tgtc---cgtc-agat
Z130_FCM_290_Etlingera_fimbriobracteata catcgaacaacgga-tg-g-ctgtg-aatgcgtcaacgtgeeee-tttecttggeeccec-a-tgtt-ggaggecaactgaceg-tageteggtgegateggeaccaaggatcaacgaactcagaagcageggg-cecte-- -gagg-agcccat ttg-
gatact tgagtctt t ttgctecttge----tt-—-tget- ---CCCCC-- -cagtcg- tggt-aacce-! -agaacgt--
cgccctegacg--tgecgagacgagtecte---gagaga--ccctg-cggga-ctgeggeatcegetecgegtgaaagegecg-tgte---cgte-gaattgtggecccaa
799_2P_FCM_288_Etlingera_corrugata catcgaacaacgga-tg-g-ctgtg-aatgegtcaacgtgeccc-tttecttggeccccc-a-tgtt-ggaggecaactgaceg-tageteggtgegateggcaccaaggaaccac agcggg-cecte--| -gagg-ageecat ttg-
gatact tgagtctt ttgt t ttgctecttge----tt-—-tget- ---CCteC-----f -cagtcg-geaatcgt tggt-aacce-! -agaacgt--
cgecctegacg--tgecgagacgagtecte---gagaga--cccta-cggga-ctacggeatcegettegcy cg-tgtc---cgtc-gaattgtggecccaa
Z273_FCM_519_Hornstedtia_leonurus tg-g-ctgtg-: -tttecttgg--cecc-a-tgtt- -tagcteggt -ccctc-ggtgtgeac-gagg-ageccactgeataagagatg-cttg-
gaatcgaatgactctcggc teggctcttgeatc t tgcagaatctcgtgaaccattgagtctttgaacgcaagttgtgeccaaggettigtggecgagggceacgtctgettgggegteatggeatcategectttgctecttge----tt—-tget-ggtgecaagegeggaaattgacctigtgtg---accte---—f -ggacacagtcggtcaaagagegggecagtcg-geagtegtcgggc -aacce-tgegc -agaacgt--
-t gag cctg-cggga-t tcgeat -t-tc---catc:
Z142_FCM_312_Hornstedtia_scyphiphera  cattgaacagcgga-tt-g-ttgtg-aatgtgtcaatgtgcacc-tttccttgg--cccc-a-tgtt- tgattg- ggcaccaaggaacaacgaactc -cccte--ggtgtgege-gagg-ageccagtgeataagagatg-cttg-
gaatcgaatgactctcggc teggctettgc gatact tgcagaatctcgtgaaccattgagtctttgaacgcaagttgtgcccgaggccttgtggccgagggcacgectgcttgggcgte gectttgetccatge——tt—-tget-ggtgccaagegeggaaattggectegtgtg-—-coctc-——--gagcacagtcggcc agtcg-geagtc tggt-caccc-tgtecy -tgaacgt--
--tgt ga--ccctg-tgega-ttgeggeat---—cgct tgtc—-cgte-ggat
72_FCM_204_Hornstedtia_tomentosa cat -tg-g-ttgt, aatgtgcccce-ttteectgg--cecc-a-tgtt-ggeggtegattgattg- gatcggc gaactc -cccte--ggtgtgcte-gggg-ageccaatgeataagagatg-cttg-
gatact tgagtctt t caacgccttt ta---tget- tggectegtgtg---cocte--—---f aatcg-geagtegt -caccc- -tgaacgt--
cgcecccgacg--tgttcggatgtgeccce--—-gagaga--ccctg-tacga-ttgeggeat---—-cgetcgaaggtgteg-tate---cgtctggattgtggecccaa
GB_AF478824_Amomum_villosum gga-tg-a-ttgtg-: -tetacttgg--cccc-a-tttt-ggt -tagct -cecte-—f 8888 -gteg-
gaatcgaatgactctcggc teggctettgeat gatact tgcagaatctcgtgaaccattgagtctttgaacgcaagttgtgeccaaggetttgtggecgagggeacgectgcettgggegteatggeaacategectttgetecttge-—-tt-—-tget-ggtgcgaagageggaaattggectcgtgtg---cecte--—---gggeacagtcggtegaagageggg-tagtcg-geagtcgtegggcsc tggt-caccc-tgege -agaacgt--cg-
ceccgacg-tgttgggatgtttcetca—aagaga—cectg-tgcga-ttgeggcat—catgtcaaagtgacg-tgcc-—catc-ggattgtggeeecaa
Z128_FCM_310_Amomum_cf_hasti -tg-g-ttgtg- geece-tetacttgg--cecc-a-tttt- gacca- -cccte—, -8888- tggagacg-gtcg-
gaatcgaatgactctcggc teggctettgeatc gt gatact tgcagaatctcgtgaaccattgagtctttgaacgcaagttgtgeccaaggcttigtggecgagggeacgcectgettgggegteatggeaacategectttgetecttge--—-tt-—-tgct-ggtgegaagageggaaattggectcgtgtg---ceate------gggeacagtceggtcgaagageggg-tagteg-geagtegtegggegcy tggt-caccc-tgtecy -agaacgt--cg-
cceegacg-- ctc
2275_FCM_518_Amomum_sp cactgaacaatgga-tg-g-ttgtg-aacgtgtcaacgtgecce-tetacttgg--cece-a-tttt-ggtggecgactgacca-tageteggtgegateggeaccaaggaacaatgaactcagaagcagatgg-cectc-ggtgtgeec-gggg-ageecactgegtiggagacg-gteg-
gatact tgagtctt ttgt t ttgctecttge--—-tt---tget- tggcctegtgtg-—-ccate----—- -tagtcg- tggt-caccc- -agaacgt--cg-
ccecgacg--tgtegggatgtgtectca--aagaga--cectg-tgega-ttgeggeat-----catgtcaaagtgacg-tgec---catc-ggattgtggecccaa
Z21_FCM_179_Amomum_uliginosum -tg-g-ttgtg-aacgt -tctacttgg--cccc-a-tttt- -tagcteggt -cccte—-| -8888- -gtag-
act tgagtctt t tgggegtcat ttgctecttge——tt-—-tgct- tggectegtgtg---cecte--—- -tagtcg-geagtegt -cacce-t -agaacgt--cg-
ccccgacg——tgtcgggatgtgtcctca——aagaga——ccctg tgcga-ttgeggeat--—-catgtcaaagtgacg-tgee---catc-ggattgtggeeccaa
Z444_FCM_697_Amomum_| e cact -tg-g-ttgtg-aacgt -tctacttgg--cccc-a-tttt- -tagcteggt -cccte—-| -8888- -gtcg-
raatcgaatgactctcggcaatggatatctcggetcttgeatc gatacttggtgtgaattgcagaatctcgtgaaccattgagtctttgaacgcaagttgtgcccaaggctttgtggeegagggeacgectgettgggegteatggeaacategectttgetecttge-——tt—tget-ggtgeraagageggaaattggectegtgtg-—-cecte--—--gggeatagtcggtcgaagageggg-tagteg-reagtegterggegegatgggtgctggt-cacce-tgtgegtgaat-agaacgt--cg-
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ccccgacg--tgtegggatgtgtectca--aagaga--cectgttgega-ttacggeat-----catgtcaaagtgacg-tgce---catc-ggattgtggecccaa

Z285_FCM_517_Amomum_testaceum

tcteggc teggctettgc

-cecte--

tg-g-ttgcg-; geeee-tttectegg--cecc-a-tgtt- -

cgeecccgatg--tgttgggatgtgtecte-—-gagaga--cectg-tgega-ttgeggeac-—---

cg-tgec---cgte-ggat

-tggg-ageecat

gttg-

gegcacagtcggtcgaagageggg-cagteg-geagtegtegggegegatgggtectggt-cacce-tgtgegtgaat-ggaacgt--

Z51_FCM_260_Amomum_biflorum tg-g-ttgcg-; -tttcctegg--cecc-a-tgte-f - -cccte--f -gagg-i -gteg-
teteggc teggctettgc gatact tgcagaatctcgtgaaccattgagtctttgaacgcaagttgtgeccgaggctttgtggecgagggeacgectget 8¢ ccttge----tt---tgca-ggegegaagggcggaaattggectegtgtg--cecte------gggeacagteggtcgaagageggg-cagtcg-geagtcgtegggeac tggt-cacce- -agaacgt--
--tgt g cctg-tgega-ttgeggeac-—-—- acca-tgee---cgte-|
Z576_FCM_647_Amomum_pierreanum cattgaacaacgga-tg-g-ctgtg-aacgtgtcgatgtgeccc-tttcattgg--cccc-a-agtt-ggeggecgactgageg-tageteggtgegattggc: agaagcagaggg-ccctc--ggegtgege-gggg-ageccattgeatcagagatg-cttg-
ggctct tgagtctt t ttgctecttge—--tt---tgtt- ==-CCCtC-—=] tagtcg-: -cgeec tgaacgt--
cgeccteggegcatgt ctc---gagtga--ccctg-tgtga-tigtgtctt-----cgcatgaaagtgeeg-tgtc---cgte-aaattgtggececaa
Z538_FCM_765_Geocharis_sp catty -tg-gtttgtg: -tttcattgg--cccc-a-tgte tggeeg-t -ccctc—-ggcttgtge-gggg-ageccattgeatcagagatg-cttg-
ggctct tgagtctt t ttgctocttgc-—-tt-—-tget- - CCCHCnf tagtcg- tggt-cgetc-attgtgtgatt-tgaacgt--
cgeectegteg--tgttgggatgagtecge--gagtga--cectg-tgtga-tigtggeat-----tgcgtgaaagtgteg-tgte-—-tgtc-agattgeggeeccaa
Z428_FCM_668_Amomum_sp catty -tg-g-ttgtg- geece-tttecttgg--cecc-a-tgtt-, tgattg-t - -tggg-agcecat -gteg-
teteggc teggctettgc gatact tec gaaccattgagtctttgaacgcaagttgtgcctgaggctt ctget -tcatcgectttgetecttge-—-tt-tgtt-ggtgce g---ccttc tagtcg-geagtcgtcy -caccctt -aaaacgt--
--tgt gag: ctcg-tgegatttgtggceat---—-cgc -tgtt---cgtt-ggat
Z561_FCM_722_Amomum_koenigii cgttgaacaacgga-tg-g-ttgtg-aacgtgtcaatgtggecee-tttecttgg--cccc-a-tgtt-ggeggcetgattgacce-tagttcggtgegatcggc: cagaagcaatggg-ccct -tggg-agcccaatgcatc: -gtc--
gaatcattgagtctt t -tcatcgectttgetecttge ---CCCtC--—--f -tagtcg-| -caccct -agaacgt--
cgeect - cctc---aagaga--ccecg-tgegatttgtggeat-——tgegtgaaagtgeca-tgtt---cgtt-ggattgtggecccaa
Z456_FCM_683_Amomum_repoeense tg-a-ttgtg-: geeee-ttee-tt-g--cccc-a-tgtt-ggtgggeaattgactg-tageteggt t -cccte--gacgtgege-gggg-agecttatgegteggagatgecteg-
tcteggc gatact tgc tgagtctt tgtggtcgagggcacgectgettgggegte ttgctecttge-—--tt---tgct- gcggaaat ---ccctecte---gggeacagteggt tagtcg-gcaattgttgggacc tggt-cgcee-tgtgegtgaac-tgaacgt--

cgtcceegttg—-cgttgggatgagtectc-—-aagaga--ccceg-tgtga-ttgeggeac---—-cgtgtgaaagtgecg-tgte---catc-atannnnnnnnnnnn

gagaat-ttaacgt--

-ttaacgt--

GB_AF478898_Tamijia_flagellaris i tg-a-ctgtt-, tgecce-tttectt-g---cec-a-tgtt- —tagctc tagaagcagaggg-ccctt-— agce -
tttcggc act tgagtttt tgt gectttgetee-—- tggeecectgtg--cecte-—— tggc-cgatg:
cgtgctcattt--tgttaggatgagtcctc—-tggtgg--accc--tgtga-taatg; ggt -tgtg---catc-aaat
Z78_FCM_275_Tamijia [= -tg-a-ctgtt-: tgceee-tttectt-g---cec-a-tgtt- -tagct gaaat -ccctt--gctaagtgg-agggeageccaatgeateggagatgectea-
tttcggc act tgagtttt gectttgetee-—---tt---tgct ---cccte---—f tagtcg-acagttgtcatac tggc-cgatg-
cgtgctcattt--tgttaggatgagtcctc—-tggtgg--accc--tgtga-taatg; ggt -tgtg---catc-aaat

GB_AY742429_Alpinia_purpurata

catcgaacaacgga-tg-g-tcgtg-aatgtgtcaacatgeccg-tttecttgg--cccc-a-tgte-

g8g-Cecte—

-Cteg-

8888

ttgctecttgete--tt---tget-y

tggectegtgtg-—cecte—— -aaccc-cgtgcac

cctg-cggga-ctgeggeatcgctacy

-cagtcg-geegtegtc

GB_AY742405_Alpinia_fax cat

-tg-g-ctgtg-aacgt -ttee-tt-g--cecc-a-tgtt-ggtgggcaattgateg-tageteggt

tagacgcagaggg-cccte--gatgtgcge-gggg-

-ggtc--—-cgtc-ggtttgtg-ccca—-

J— tcgetecttge-—--tt-—-tget-g

tgtg---cccte----—-f tgaagagcggg-tagtcc-geagtegtce

GB_AF478893_Siphonochilus_aetiopicus

cacaaggagatgga-tg-a-ttgcg-aatgtgttaatgtgttge-tttttctca--ccec-c-tttt-ggtgggtgattgatgattageteggt,

€ -8888-

tt-

tggt-cgeec-tgtgegtgaac-tgategt--cgteccegteg--tgttgggatgagtectcaa-gagaga--cectg-tgtga-atatggegt--—---cgegtgaaagegeca:
e

-tgtc---cgtc-atattgt-—------

teteggc gactct act attgagtctttgaacgcaagttgtgc get atcgtegcttttgetecttge--—-at---tett- tggccecctatg---ccatt: -ttgteg-geact tggt-cgctg-tgagcgagaac-caaacat--
== it--cc----tatga-tcatggtgt--- -tgca-—-tcte-f
2263_FCM_363_Siphonochilus_decorus tg-a-ttgcg-aat gttge-tttttgtca--ccca-c-tttc tgatgat C ccc- gggg-atct cttc-
act tgagtctt tatggc tcttgggc tttgctecttge-—at—tttt- tggececctatg—cectc--——gageat ttgtcg-geactcgeeggecac tggt-cgetg-tgage

gt 8

c----tgtga-

-cgca---gete-gaat
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