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SUMMARY

This thesis investigates the phylogenetic systematics at the ordinal level within the
Poales, at the clade level within the restiids, at the familial level within the
Bromeliaceae and Poaceae, and at the subfamilial level within one of the largest grass
subfamilies, the Pooideae (c. 3,300 species), with the aim to answer questions that have
as of yet been unresolved. It also compares different phylogenetic markers, tests the
usefulness of selected nuclear single-copy gene regions for phylogenetic analyses on
different systematic levels and establishes the methods for further investigations.

A plastid reference tree based on the matK gene (up to the psbA gene) was
inferred for each set of investigated data. The nuclear single-copy genes topoisomerase
6 (Topo6; exon 8-11, exon 8-13 and exon 17-19), acetyl-CoA-carboxylase (Accl, exon
9-13) and phytochrome B (PhyB, partial exon 1) were used to test whether these data
track the same history as the chloroplast data on the different phylogenetic levels (see
above). Each dataset was evaluated using maximum parsimony, maximum likelihood
and Bayesian methods.

The tree inferred from Topo6 (only exon regions) supported a congruent, but
much less resolved phylogeny compared to matK and the common plastid based
taxonomy of the order Poales. PhyB, however, indicated conflicting phylogenetic
relationships, such as Flagellariaceae in a basal position.

Within the restiid clade, the Anarthria clade is diverging first in all analyses
(matK, Topo6 exon 8-11 and PhyB). MatK and Topo6 are consistent with the generally
recognized taxonomic order: Restionoideae, Sporadanthoideae, Centrolepidoideae and
Leptocarpoideae, whereas PhyB shows Centrolepidoideae next, followed by
paraphyletic Restionoideae with monophyletic Sporadanthoideae and Leptocarpoideae
on the terminal branches. The inclusion of the former family Centrolepidaceae as a
subfamily within Restionaceae, Centrolepidoideae, can be supported, but there is no
phylogenetic evidence for or against the inclusion of Anarthriaceae in Restionaceae.

The basal position of Brocchinia within Bromeliaceae and the monophyly of
Bromelioideae and Tillandsioideae were confirmed by the Topo6 data. Detailed
information about subfamilial and tribal constellation could not be gathered because of

insufficient sampling.



SUMMARY

In contrast to the plastid data, the Topo6 exon 8-11 data strongly
support the monophyly of the basal subfamily Anomochlooideae and the major BOP
clade (containing Bambusoideae, Oryzoideae and Pooideae) within the Poaceae
phylogeny. The subfamily Pooideae is not supported by this nuclear data because
Brachyelytrum is placed outside of the remaining Pooideae. Different amplification
lengths of the Topo6 region spanning exon 17-19 illustrate the tribe and subtribe
classification of Pooideae. The combined nuclear analysis (Accl, PhyB and two regions
of Topo6) retrieves the following taxonomic order: Brachyelytrum, Nardeae (including
subtribe Lygeinae), Duthieeae, Meliceae, Stipeae, Diarrheneae, Brachypoideae and the
‘core’ Pooideae (Triticeae and the Aveneae/Poeae tribe complex). The tribes
Diarrheneae and Duthieeae are not supported in some individual maker analyses. The
split of the Aveneae/Poeae tribe complex into two lineages (plastid results) is not
supported by the nuclear data. The divergent position of some clone sequences of
stipoid taxa Trikeraia pappiformis and Ampelodesmos mauritanicus within the Topo6
exon 8-13 and Accl exon 9-13 data suggests a hybrid origin for these species. The

results point to a potential ancestor within the tribe Duthieeae.



STRUCTURE OF THE THESIS

This thesis is organized in four parts. It deals with the comparison of different
phylogenetic markers, the test and establishment of nuclear single-copy gene markers,
the molecular phylogeny of the order Poales, the restiid clade, the families
Bromeliaceae and Poaceae and the subfamily Pooideae.

Part 1 comprises the current taxonomic composition and circumscription of the
selected and analyzed systematic levels and points out several unanswered questions. It
also gives a brief overview of the main characteristics of the phylogenetic markers used
in this study (chloroplast vs. nuclear).

Part 2 represents the cumulative part of this dissertation. It contains three
studies, which have been published in peer-reviewed journals. They are arranged in
systematic, not in chronological order. The publications illuminate the main questions
of this thesis: the first paper investigates the order Poales, the restiid clade and the
Bromeliaceae, it is followed by the study of the grasses and the investigation of Poaceae
subfamily Pooideae in the third article.

Part 3 includes the main results and overall discussion.

Part 4 contains the conclusion and a short outlook.
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GENERAL INTRODUCTION

The monocotyledonous order Poales Small is probably the economically most important
order of plants. It sits within the commelinid clade and contains c. 20,000 species,
which is 7% of all angiosperms and approximately one third of monocots (Givnish &
al., 2010; Bouchenak-Khelladi & al., 2014). Poales species are extremely varied in their
morphological and biological characteristics. They populate nearly all ecosystems, both
terrestrial and aquatic. The number of species within a family varies from only a few
taxa in the Joinvilleaceae Toml. & A.C.Sm., Flagellariaceae Dumort. and Thurniaceae
Engl. (four species each) to the very large family Poaceae (R.Br.) Barnhart (c. 12,000
species).

The order currently contains 14 families (Angiosperm Phylogeny Group 1V,
2016): Bromeliaceae Juss., Cyperaceae Juss., Ecdeiocoleaceae D.F.Cutler & Airy Shaw,
Eriocaulaceae Martinov, Flagellariaceae, Joinvilleaceae, Juncaceae Juss., Mayacaceae
Aubl., Poaceae, Rapataceae Dumort., Restionaceae R.Br., Thurniaceae, Typhaceae Juss.
and Xyridaceae C.Agardh. Major lineages within Poales have been referred to as
bromeliad (the earliest diverging families), xyrid, cyperid, restiid and graminid clades
(Bouchenak-Khelladi & al., 2014).

The fifth-largest plant family (in terms of number of species) and by far the most
successful and economically important family of Poales is the grass family Poaceae. It
includes the starchy food staples rice (Oryza L.), wheat (Triticum L.), barley (Hordeum
L.), maize (Zea L.), rye (Secale L.), oat (Avena L.), sorghum (Panicum L.) and millet
(cf. Panicum L.), as well as bamboo, sugarcane (Saccharum L.) and lemongrass
(Cymbopogon citratus (DC.) Stapf). Grasses dominate many vegetation forms (called
grasslands) such as steppes, prairies, savannahs, pampas and bamboo forests. Thus, they
form the main source of food for humans and grazing animals. Grasses are also used in
the manufacture of goods such as paper, thatch, insulation, fuel and clothing, they
provide timber for furniture, fencing, scaffolding and construction, and are used to
make baskets, floor matting and sports turf.

Pooideae Benth. is the largest subfamily of grasses and encompasses one third of
all grasses with approximately 4,000 species in 200 genera (Soreng & al., 2017). They

include most of the major cereal crops and many lawn and pasture grasses. All species



GENERAL INTRODUCTION

of this subfamily use the C3 photosynthetic pathway and are distributed predominantly
in the temperate climates of both hemispheres.
Current classification of the order Poales. — One of the earliest molecular
phylogenetic analyses of Poales is based on plastid rbcL sequence information (Duvall
& al., 1993) and these results were combined with a morphological analysis by Kellogg
& Linder (1995). The currently acknowledged family constellation of Poales was
described by the Angiosperm Phylogeny Group (APG, 1998). Several studies mainly
based on chloroplast DNA sequence information identified five different clades among
Poales (Chase & al., 2000; Bremer, 2002; Linder & Rudall, 2005): Bromeliaceae,
Rapateaceac and Typhaceae at the base, followed by the ‘core’ Poales. The
monophyletic cyperid clade includes Cyperaceae, Juncaceae and Thurniaceae, and is
sister to the not clearly defined xyrid clade (Eriocaulaceae, Mayacaceae and
Xyridaceae). The robust restiid clade (Anarthriaceae D.F.Cutler & Airy Shaw,
Centrolepidaceae Endl. and Restionaceae) is sister to the graminid clade, which
contains Ecdeiocoleaceae, Flagellariaceae, Joinvilleaceae and Poaceae. A large monocot
phylogeny based on 81 plastid DNA regions has confirmed the previous systematics
with basal families Bromeliaceae, Typhaceae, Rapateaceae and a paraphyletic xyrid
clade (Givnish & al., 2010). In the largest phylogenetic analysis of the order Poales to
date (chloroplast data from rbcL and ndhF marker for 545 species), Mayacaceae and
Rapateaceae were added to the cyperid clade, but without strong support values
(Bouchenak-Khelladi & al., 2014). A matrix of 75 protein coding genes of the plastome
was analyzed by Barrett & al. (2016) and showed Bromeliaceae, Typhaceae,
Rapateaceae, Mayacaceae as the basal group. They could retrieve the graminid, restiid
and cyperid clade, but not the xyrid clade.

The analysis of Chase & al. (2006) contained 26S rDNA sequence information
for the first time, but only as small proportion of the combined dataset. In 2015,
Hertweck & al. analyzed the first monocot dataset based on the nuclear low-copy gene
PhyC and a combined analysis. They could not show the relationships among the
poalean families, but received a support increase along the backbone of the tree. The
phylogenetic succession Typhaceae, Bromeliaceae, Rapateaceae, cyperids, paraphyletic
xyrids, restiids and graminids was found by a concatenated and coalescence-based
analysis of 234 single-copy orthogroups (McKain & al., 2016).

All of these studies established a robust and common phylogenetic hypothesis
for the order Poales. The support of the xyrid clade and particularly the placement of
6
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Mayacaceae remain subject to debate, and the phylogenetic sequence of the basal
families is not yet fully resolved.

Current classification of the restiid clade. — Morphological and molecular
phylogenetic studies based on chloroplast genome regions generally recognize three
families in the restiid clade of the order Poales: Anarthriaceae, Centrolepidaceae and
Restionaceae (Kellogg & Linder, 1995, Briggs & al., 2000, 2010; Bremer, 2002; Chase,
2004, APG III, 2009, Givnish & al., 2010, Bouchenak-Khelladi & al., 2014). They
consist of tufted or rhizomatous, herbaceous plants, rush-like or bamboo-like in overall
appearance, with small wind-pollinated flowers and mostly with reduced leaves (Briggs
& al., 2014).

The small Western Australian family Anarthriaceae comprises three genera,
Anarthria R.Br., Lyginia R.Br. and Hopkinsia W.Fitzg. Previous studies have supported
the monophyly of this family and the sister group relationship to Restionaceae and
Centrolepidaceae (Briggs & al., 2000; Briggs & Johnson, 2000; Bremer, 2002;
Michelangeli & al., 2003; Linder & Rudall, 2005; Chase & al., 2006; Bouchenak-
Khelladi & al., 2014). APG IV (2016) proposed the inclusion of Anarthriaceae in the
Restionaceae as Anarthria clade.

The phylogenetic placement of Australasian centrolepids (three genera, c. 35
species) is difficult to determine. Most broad-scale molecular studies based on
chloroplast DNA sequence data have placed Centrolepidaceae as sister group to
Restionaceae (e.g. Michelangeli & al., 2003; Marchant & Briggs, 2007). Others have
suggested a position within Restionaceae, usually as sister group to the subfamily
Sporadanthoideae B.G.Briggs & H.P.Linder (e.g. Bremer, 2002; Briggs & al., 2010,
2014), whereas Briggs & Linder (2009) reported an unresolved position. Briggs & al.
(2014) proposed the inclusion of centrolepids as subfamily Centrolepidoideae Burnett in
Restionaceae, which was confirmed by APG IV (2016).

Within Restionaceae three subfamilies are supported by anatomical,
morphological and molecular phylogenetic investigations (Briggs & al., 2000, 2010;
Linder & al., 2000, 2003; Briggs & Linder, 2009). The largest subfamily Restionoideae
Arnott (c. 350 species) is mainly distributed in Africa, with one species in Madagascar,
and comprises two strongly supported tribes: Restioneae Bartl. and Willdenowieae
Mast. (Linder & al., 2000, 2003; Hardy & al., 2008). The smallest subfamily
Sporadanthoideae (three genera) is limited to Australia and New Zealand and is

monophyletic in all molecular phylogenetic studies (e.g. Briggs & al., 2000, 2010,
7
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2014; Briggs & Linder, 2009). Leptocarpoideae B.G.Briggs & H.P.Linder is the most
widespread subfamily, occurring mainly in Australia and New Zealand, New Guinea,
Southeast Asia and South America. It comprises five clades (Winifredia L.A.S.Johnson
& B.G.Briggs, Leptocarpus R.Br., Loxocarya R.Br., Baloskion Raf. and Desmocladus
Nees; Briggs & al., 2014) and is also monophyletic (Briggs & al., 2000, 2010, 2014;
Briggs & Linder, 2009).

Current classification of the Poaceae. — The systematics and classification of the
large, diverse and economically important grass family have been studied for a long
time. Early studies were based on anatomical, biochemical, cytological and
morphological data (Clayton & Renvoize, 1986; Tzvelev, 1989; Watson & Dallwitz,
1992). Since then, molecular phylogenetic methods have become available and have
deepened our understanding of the phylogenetic relationships among the grasses. First
studies used plastid marker regions to reconstruct phylogenetic trees, such as rbcL
(Hamby & Zimmer, 1988; Doebley & al., 1990), ndhF (Clark & al., 1995, Catalan &
al., 1997), rpoC2 (Barker & al., 1999) and matK (Hilu & al., 1999). In addition to these
chloroplast markers, nuclear genome regions such as waxy (Mason-Gamer & al., 1998;
GPWG, 2001), PhyB (Mathews & al., 2000) and ITS (Hsiao & al., 1999) have been
used.

A comprehensive investigation based on morphological and molecular data has
resulted in a new subfamilial classification being published in 2001 by the Grass
Phylogeny Working Group (GPWG). Anomochlooideae Pilg. ex Potztal, Pharoideae
L.G.Clark & Judz. and Puelioideae L.G.Clark, M.Kobay, S.Mathews, Spangler &
E.A.Kellogg formed the basal lineages, which were segregated from the traditional
bamboo grasses. These subfamilies are sister to a group of the major clades BOP (syn.
BEP; Soreng & al., 2015) containing Bambusoideae Luerss., Oryzoideae Kunth ex
Beilschm. (syn. Ehrhartoideae Caro) and Pooideae, and PACCAD (Panicoideae Link,
Arundinoideae Burmeist., Chloridoideae Kunth ex Beilschm., Centrothecoideae
Soderst., Aristidoideae Caro and Danthonioideae H.P.Linder & N.P.Barker).

Further studies have suggested the inclusion of Centrothecoideae in Panicoideae,
and the introduction of an additional subfamily Micrairoideae Pilg. (PACMAD; Duvall
& al., 2007, Sanchez-Ken & al., 2007). The latest comprehensive grass phylogenies
based on chloroplast DNA regions (GPWG 11, 2012; Soreng & al., 2015, 2017) and a
250 plastome phylogeny (Saarela & al., 2018) have confirmed this subfamilial structure.
However, a number of studies suggested a paraphyletic subfamily Anomochlooideae
8
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(Hilu & al., 1999; Zhang & al., 2000, Davis & Soreng, 2007). The BOP clade was also
paraphyletic according to several studies (e.g. Davis & Soreng, 1993; Soreng & Dauvis,
1998; Hilu & al., 1999 Hsiao & al., 1999) or insufficiently resolved (Clark & al., 2000;
Mathews & al., 2000; Zhang, 2000). A potential relationship of the Pooideae and the
PACMAD clade, for example, was found by Soreng & Davis (1998), Hsiao & al.
(1999) and Duvall & al. (2007). The PACMAD clade was generally monophyletic and
strongly supported. The phylogenetic sequence of the subfamilies within the clades is
partially still difficult to determine, as is the structure of the genera and species within
each subfamily.

Current classification of the grass subfamily Pooideae. — Early studies again used
anatomical and morphological features to classify this large subfamily. However, the
delimitation and number of tribes or subtribes and the systematic position of several
genera could not be conclusively determined (e.g. Macfarlane & Watson, 1982; Clayton
& Renvoize, 1986; Tzvelev, 1989; Watson & Dallwitz, 1992). Davis & Soreng (1993)
described the so-called ‘core’ Pooideae, comprising Bromeae Dumort., Triticeae
Dumort., Aveneae Dumort. and Poeae R.Br.. The species and genera belonging to this
group have been placed within the Pooideae in all relevant studies. The tribes
Ampelodesmeae  Tutin, Anisopogoneae, Brachyleytreae Ohwi, Diarrheneae
C.S.Campb., Lygeeae J.Presl, Nardeae W.D.J.Koch and Stipeae Dumort have been
united under a separate subfamily Stipoideae Burmeist. by some studies (Watson &
Dallwitz, 1992 onwards), partially classified as members of the subfamily
Arundinoideae by others (Watson & Dallwitz, 1992), or placed within the bamboo
grasses (Clayton & Renvoize, 1986). In particular, the position of the tribes
Diarrheneae, Phaenospermateae Renvoize & Clayton and Brachyelytreae has been
difficult to determine because they exhibit both pooid and bambusoid structures
(Clayton & Renvoize, 1986).

All of these tribes are included in a more broadly defined subfamily Pooideae
according to studies based on structural and molecular data (Catalan & al., 1997;
Soreng & Davis 1998, 2000; Hilu & al., 1999; Hsiao & al., 1999; Davis & Soreng,
2007; Doring & al., 2007; Duvall & al., 2007; Bouchenak-Khelladi & al., 2008;
Schneider & al., 2009, 2011). This classification was subsequently extended by the tribe
Duthieeae M.Rdser & J.Schneider, described by Schneider & al. (2011).

Previous investigations generally used chloroplast DNA sequence data and/or

nuclear ribosomal internal transcribed spacer (nriTS; cf. Duarte & al., 2010), with the

9
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exception of Mathews & al. (2000) and GPWG (2001), which analyzed nuclear single-
copy gene regions (PhyB and GBSSI) for the whole grass family, as mentioned above.
Numerous studies have also been conducted using nuclear marker regions at the tribe or
genus level within grasses and Pooideae (Huang & al., 2002; Mason-Gamer, 2005,
2013; Fan & al., 2007, 2009; Gillespie & al., 2010; Hand & al., 2010; Jakob & Blattner,
2010; Saarela & al., 2010; Sha & al., 2010; Brassac & al., 2012; Wolk & Rdser, 2014,
2017; Brassac & Blattner, 2015; Wolk & al., 2015).

Table 1 gives a comparison of the different treatments of the tribes, which are
assigned to the subfamily Pooideae based on selected molecular phylogenetic analyses.
The taxonomic sequence of these tribes and the associated species or genera is not yet
entirely clear. Previous studies based on molecular sequence information have generally
recognized Brachyleytrum P.Beauv. as diverging first, followed by Nardus L. and/or
Lygeum Loefl. ex L., and Phaenospermateae respectively Duthieeae in the basal
lineages of Pooideae (Cataldn & al., 1997; Soreng & Davis, 1998, 2000; Hisao & al.,
1999; Mathews & al., 2000; Davis & Soreng, 2007; Doring & al., 2007; Schneider &
al., 2009, 2011). Detailed molecular studies investigated the monophyly and phylogeny
of the large tribe Stipeae (Barkworth & al., 2008; Romaschenko & al., 2008, 2010,
2012; Hamasha & al., 2012). The genus Ampelodesmos Link has been classified in a
close relationship with the tribe Stipeae (Soreng & Davis, 1998, 2000; GPWG, 2001;
Déring & al., 2007; Bouchenak-Khelladi & al., 2008), placed within the Poeae (Clayton
& Renvoize, 1986), as monotypic tribe Ampelodesmeae (Watson & Dallwitz, 1992;
GPWG, 2001; Soreng & al., 2015, 2017), or within the tribe Stipeae (Barkworth, 2008;
Schneider & al., 2009, 2011). The taxonomy of the tribes Brylkinieae Tateoka. and
Meliceae Rchb. is as of yet undetermined because of a lack of comprehensive molecular
studies; they are generally treated separately or in a common tribe (Clayton &
Renvoize, 1986; GPWG, 2001; Schneider & al., 2009, 2011; Kellogg, 2015; Soreng &
al., 2017). The small tribe Diarrheneae is recognized by several molecular phylogenetic
investigations, but its taxonomic placement varies between studies (Catalan & al., 1997;
Hsiao & al., 1999; Mathews & al., 2000; GPWG, 2001, Schneider & al., 2009, 2011,
Soreng & al., 2015). The monotypic tribe Brachypodieae is mostly closely related to the
‘core’ Pooideae (Hilu & al., 1999; Hsiao & al., 1999; Mathews & al., 2000; Doring &
al., 2007; Duvall & al., 2007; Bouchenak-Khelladi & al., 2008; Schneider & al., 2009,
2011; Soreng & al., 2015). A combined lineage consisting of traditional Bromeae and
Triticeae was strongly supported in previous studies based on molecular data (Catalan
10
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& al., 1997, Davis & Soreng, 1993; Doéring & al., 2007; Duvall & al., 2007
Bouchenak-Khelladi & al., 2008; Soreng & al., 2007; Schneider & al., 2009, 2011,
Soreng & al., 2017). The genus Littledalea Hemsl. is included in Bromeae (Kellogg,
2015), recognized as sister tribe (Littledaleae Soreng & J.l1.Davis) of Bromeae and
Triticeae (Soreng & al., 2015, 2017) or treated as one of three subtribes in Triticeae
(Schneider & al., 2009). The species-rich Aveneae/Poeae tribe complex (Schneider &
al., 2009) is split into two strongly supported lineages (Clade 1 and 2) in several
molecular phylogenetic studies based on chloroplast sequence data (Catalan & al.,
1997; Hilu & al., 1999; Soreng & Davis, 2000; Davis & Soreng, 2007; Doring & al.,
2007; Soreng & al., 2007; Bouchenak-Khelladi & al., 2008; Schneider & al., 20009,
2011; Soreng & al., 2015, 2017). This bifurcation was not supported by phylogenetic
trees based on nuclear sequence data (Quintanar & al., 2007; Schneider & al., 20009,
2011).

Table 1. An overview of the classification within the subfamily Pooideae by previous and current molecular

phylogenetic studies.

Bouchenak- .
Tribes GPWG (2001)  Khelladi & al. Schneider & al. - Soreng & al.
(3008, (2011) (2017)

Ampelodesmeae

(Conert) Tutin Ampelodesmeae Ampelodesmeae Stipeae Ampelodesmeae
Aveneae Dumort. Poeae Aveneae + Poeae Aveneae/Poeae Poeae

complex
Brachyelytreae Ohwi Brachyleytreae Brachyleytreae Brachyleytreae Brachyleytreae

Brachypodieae Harz
Bromeae Dumort.

Brylkinieae Tateoka
Diarrheneae (Ohwi)
C.S.Campb.

Duthieeae Roser & J.

Brachypodieae
Bromeae
Brylkinieae

Diarrheneae

Brachypodieae

Bromeae + Triticeae

Diarrheneae

Brachypodieae
Triticeae

Meliceae

Diarrheneae

Brachypodieae
Bromeae
Brylkinieae

Diarrheneae

: Phaenospermateae - Duthieeae Duthieeae
Schneider
Triticeae Dumort. Triticeae Bromeae + Triticeae  Triticeae Triticeae
L|ttledalegae Soreng - - Triticeae Littledaleeae
& J.1. Davis
Lygeeae J.Presl. Lygeeae Lygeeae + Nardeae ~ Nardeae Lygeeae
Meliceae Rchb. Meliceae Meliceae Meliceae Meliceae
Nardeae Koch Nardeae Lygeeae + Nardeae ~ Nardeae Nardeae
Phaenospermateae
Renvoize & Clayton Phaenospermateae  Phaenospermateae Phaenospermateae Phaenospermateae
Poeae R.Br. Poeae Aveneae + Poeae Aveneae/Poeae Poeae

complex

Stipeae Dumort. Stipeae Stipeae Stipeae Stipeae

11
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Overview of molecular phylogenetic marker regions. — The molecular marker
regions primarily used in plant phylogenies at present are still the ones obtained from
chloroplast DNA. Plastid DNA is predominantly inherited uniparentally and maternally
in angiosperms (Knoop & Muller, 2009), and most advantageous for molecular
investigations of single-copy nature. Additionally, many studies have used the internal
transcribed spacer nuclear ribosomal DNA (ITS nrDNA) of the 18S-5.85-26S nrDNA
repeat unit because this well-homogenized region infected by concerted evolution
makes it suitable for phylogenetic studies. These markers are generally easy to amplify
and sequence, and can be aligned across lower taxonomic levels (Barfuss, 2012). The
number of available published sequences also facilitates the design of new primers.
However, the relatively slow evolutionary rate of these regions leads to difficulties in
resolving the phylogenetic relationships at all taxonomic levels, especially the lower
taxonomy, even in multi-locus and combined studies (Small & al., 2004). Nuclear genes
evolve more rapidly, they are biparentally inherited and the introns are relatively stable
(Small & al., 2004; Knoop & Muller, 2009). Because of this, nuclear single- and low-
copy genes promise a better phylogenetic solution, particularly in plant groups with low
variation in the plastid DNA sequences. Ludefia & al. (2011) show that heterozygoty,
PCR constraints and paralogy make it difficult to optimize nuclear gene markers. The
interpretation of results based on nuclear single- or low-copy sequence data is also
complicated by processes such as incomplete lineage sorting, hybridization and
introgression (Pifieiro & al., 2009), particularly when low-copy regions are used to
investigate multi-copy nuclear genes and polyploid species (e.g. Sang & al., 2004).
Despite these limitations, single-copy nuclear markers are useful for tracing the
evolution of allopolyploids and for identifying parental taxa of polyploids (Brassac &
al., 2012; Triplett & al., 2012; Zimmer & Wen, 2012).
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THESIS QUESTIONS

As is evident from the Introduction, there are several contentious issues within the
different phylogenetic levels of the Poales. This thesis aims to provide new information
regarding the phylogeny and systematics of the large order Poales, the restiid clade, the
Poaceae family and the grass subfamily Pooideae. It also compares plastid and nuclear
markers, and tests and establishes nuclear single-copy gene markers on different
phylogenetic levels.

The diploma thesis Blaner (2012) formed the basis of the present thesis. For the
first time two different Topo6 regions have been used to investigate phylogenetic
questions on the family level within the Poaceae, with a more detailed look at the
subfamily Pooideae and the extension to poalean species of Joinvilleaceae and
Restionaceae.

The present thesis compares the results of chloroplast and nuclear single-copy
sequencing to:

+ examine phylogenetic relationships within the order Poales and try to clarify
the structure of the basal families, as well as the position of Mayacaceae and
the xyrid clade,

+ resolve relationships within the restiid clade such as the number of families
included and the topological position of Centrolepidaceae,

o clarify phylogenetic relationships within the Poaceae, in particular the
monophyly of the basal subfamilies and the BOP clade,

+ investigate conflicting tribal classifications within the grass subfamily
Pooideae, such as Duthieeae, Triticeae, Meliceae, Nardeae and
Phaenospermateae, as well as the strongly supported split of the
Aveae/Poeae clade into two lineages,

+ test the utility of selected nuclear single-copy gene markers on different
phylogenetic levels (order, clade, family, subfamily) for the first time,

+ establish these markers for phylogenetic investigations,

¢ compare the results based on nuclear sequences with plastid DNA sequence
data (matK).
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Abstract

Phylogenetic relationships within the monocot order Poales have been well studied, but
several unrelated questions remain. These include the relationships among the basal
families in the order, family delimitations within the restiid clade, and the search for
nuclear single-copy gene loci to test the relationships based on chloroplast loci. To this
end two nuclear loci (PhyB, Topo6) were explored both at the ordinal level, and within
the Bromeliaceae and the restiid clade. First, a plastid reference tree was inferred based
on matK, using 140 taxa covering all APG IV families of Poales, and analyzed using
parsimony, maximum likelihood and Bayesian methods. The trees inferred from matK
closely approach the published phylogeny based on whole-plastome sequencing. Of the
two nuclear loci, Topo6 supported a congruent, but much less resolved phylogeny. By
contrast, PhyB indicated different phylogenetic relationships, with, inter alia,
Mayacaceae and Typhaceae sister to Poaceae, and Flagellariaceae in a basally
branching position within the Poales. Within the restiid clade the differences between
the three markers appear less serious. The Anarthria clade is first diverging in all
analyses, followed by Restionoideae, Sporadanthoideae, Centrolepidoideae and
Leptocarpoideae in the matK and Topo6 data, but in the PhyB data Centrolepidoideae
diverges next, followed by a paraphyletic Restionoideae with a clade consisting of the
monophyletic Sporadanthoideae and Leptocarpoideae nested within them. The
Bromeliaceae phylogeny obtained from Topo6 is insufficiently sampled to make

reliable statements, but indicates a good starting point for further investigations. We
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find that matK is remarkably good at retrieving the chloroplast phylogeny, that Topo6,
despite low resolution, is suitable to test the generality of the plastid phylogeny as a
taxic phylogeny, that PhyB might be too complex to be really useful at the level of
families within an order, that the inclusion of the centrolepids in Restionaceae might be
valid, but that there is no phylogenetic support for or against including the Anarthria
clade in Restionaceae. The basal arrangement of families in the Poales (Bromeliaceae,

Typhaceae, Rapateaceae) remains unresolved.

Keywords Bromeliaceae; matK; molecular phylogeny; nuclear loci; Poales;
Restionaceae

DOI https://doi.org/10.12705/673.5

Supplementary Material https://doi.org/10.12705/673.5.51 and
https://doi.org/10.12705/673.5.S2.
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Abstract

Phylogenetic relationships within the grass family were studied using a newly obtained
locus of the nuclear single copy gene topoisomerase 6 (Topo6) spanning the four exons
8-11 and the chloroplast matK gene. Data were evaluated using maximum parsimony,
maximum likelihood and Bayesian methods. All analyses showed genera Streptochaeta
and Anomochloa as early diverging, followed by Pharus as sister to the rest of the
Poaceae, and monophyly of the subfamily Anomochlooideae was supported by the
nuclear dataset. The remaining grasses formed a strongly supported and monophyletic
group, which split into the major clades BEP and PACMAD in the Topo6 analyses.
Monophyly of the BEP clade was strongly supported by the Topo6 data. The results
showed clearly incongruity between the two sets of data, such as the different
subfamilial relationships of Bambusoideae, Ehrhartoideae and Pooideae. Most of the
analysed species are representatives of subfamily Pooideae, which was analysed in
more detail by PCR fragment length differences of another Topo6 region spanning the
exons 17-19. Monophyly of Pooideae was strongly supported by the matK data,
whereas the

nuclear data placed Brachyelytrum outside of the remaining Pooideae. Relationships
within the early evolutionary lineages remained largely unresolved in the phylogenetic
trees, but the ‘core’ Pooideae (Aveneae/Poeae tribe complex and Hordeeae) were highly
supported in all analyses. The differences in amplification lengths illustrate the tribe and
subtribe classification of Pooideae. The comparatively conserved structure of the newly
studied Topo6 region makes it a promising marker from the nuclear genome that could
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be successfully PCR-amplified to study higher-level phylogenetic relationships within
grasses and perhaps between families within the order Poales.
Keywords BEP, grasses, matK, phylogenetics, Poaceae, Pooideae, Topo6,

topoisomerase

DOI http://dx.doi.org/10.1080/14772000.2014.890137
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Abstract

To investigate phylogenetic relationships within the grass subfamily Pooideae we
studied about 50 taxa covering all recognized tribes, using one plastid DNA (cpDNA)
marker (matK gene—trnK exon) and for the first time four nuclear single copy gene loci.
DNA sequence information from two parts of the nuclear genes topoisomerase 6
(Topo6) spanning the exons 8-13 and 17-19, the exons 9-13 encoding plastid acetyl-
CoA-carboxylase (Accl) and the partial exon 1 of phytochrome B (PhyB) were
generated.

Individual and nuclear combined data were evaluated using maximum parsimony,
maximum likelihood and Bayesian methods. All of the phylogenetic results show
Brachyelytrum and the tribe Nardeae as earliest diverging lineages within the subfamily.
The ‘core’ Pooideae (Hordeeae and the Aveneae/Poeae tribe complex) are also strongly
supported, as well as the monophyly of the tribes Brachypodieae, Meliceae and Stipeae
(except PhyB). The beak grass tribe Diarrheneae and the tribe Duthieeae are not
monophyletic in some of the analyses. However, the combined nuclear DNA (nDNA)
tree yields the highest resolution and the best delimitation of the tribes, and provides the
following evolutionary hypothesis for the tribes: Brachyelytrum, Nardeae, Duthieeae,
Meliceae, Stipeae, Diarrheneae, Brachypodieae and the ‘core’ Pooideae. Within the
individual datasets, the phylogenetic trees obtained from Topo6 exon 8-13 shows the
most interesting results. The divergent positions of some clone sequences of
Ampelodesmos mauritanicus and Trikeraia pappiformis, for instance, may indicate a

hybrid origin of these stipoid taxa.
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MAIN RESULTS AND OVERALL DISCUSSION

Selected nuclear single-copy genes in comparison with plastid marker region matK
were used to address open questions regarding the phylogeny and systematics of the
order Poales, the restiid clade, the family Poaceae and the grass subfamily Pooideae,
and to test the utility for phylogenetic analyses within these different systematic levels.
The chloroplast matK region (up to the psbA gene) has already been proven to be
meaningful in the investigated phylogenetic groups (Hilu & al., 1999; Tamura & al.,
2004; Doring & al., 2007; Marchant & Briggs, 2007; Hardy & al., 2008; Schneider &
al., 2009, 2011; Givnish & al., 2010; Evans & al., 2015; Hertweck & al., 2015). The
topoisomerase 6 gene (Topo6) is an important house-keeping gene and involved in the
repair of double-strand breaks (Hartung & al., 2002). It was previously utilized in
studies of the genus Hordeum L. (Jakob & Blattner, 2010; Brassac & al., 2012; Brassac
& Blattner, 2015) and the oat-like grasses (traditional Aveneae; Wo6lk & Roser, 2014,
2017; Wolk & al. 2015). The phytochrome B gene (PhyB) is a photoreceptive signaling
protein and involved in light-sensitive processes (Ludefia & al., 2011). It has been used
successfully in studies on angiosperms (Mathews & al., 1995), palms (Ludefia & al.,
2011), Restionaceae (Litsios & al., 2014) and Poaceae (Mathews & al., 2000). The
protein-coding gene Accl (encoding plastid acetyl-CoA carboxylase) has proved to be
useful in phylogenetic studies of the Aveae/Poeae tribe complex (Hand & al., 2010), the
tribe Triticeae (Huang & al., 2002; Fan & al., 2007, 2009; Sha & al., 2010) and the
genus Panicum L. (Triplett & al., 2012). Table 2 gives an overview of the nuclear

single-copy genes and their application.

Table 2. Overview of systematic groups and the nuclear single-copy gene regions used within this thesis.

. Topo6 Topo6 Topo6 PhyB Accl

Systematic group .
exon 8-11 exon 8-13 exon 17-19 partial exon 1 exon 9-13

Poales only exons X
Restiid clade X X
Bromeliaceae X
Poaceae X
Pooideae X X X X
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Poales basal group. — Most plastid DNA analyses place Typhaceae and Bromeliaceae
as sister groups (Bremer, 2002; Davis & al., 2004; Givnish & al., 2006, 2011,
Bouchenak-Khelladi & al., 2014; Hertweck & al., 2015; Magallén & al., 2015), but
some suggest that Bromeliaceae diverge first, followed by Typhaceae (Chase & al.,
2000, 2006; Soltis & al., 2000; Givnish & al.,, 2010). The matK tree shows
Bromeliaceae and Typhaceae in a polytomy as diverging first, followed by Rapateaceae
and the remaining poalean taxa (publication 1), which corroborates Hertweck & al.
(2015). Because of insufficient resolution neither the plastid marker matK nor the
nuclear markers PhyB and Topo6 could provide the clarification of the basal structure
within Poales (publication 1).

Bromeliaceae. — Bromeliaceae is monophyletic in all present datasets (publication 1).
Brocchinia Schult.f. is the sister group to all remaining taxa (publication 1; Terry & al.,
1997; Horres & al., 2000; Crayn & al., 2004, 2015; Givnish & al., 2011, 2014;
Escobedo-Sarti & al., 2013). The subfamily Tillandsioideae Burnett is monophyletic in
the matK and the Topo6 tree (publication 1; Terry & al., 1997; Horres & al., 2000;
Crayn & al., 2004; Escobedo-Sarti & al., 2013). Following Terry & al. (1997) and
Givnish & al. (2011) the subfamily Pitcairnioideae Harms ex Engler & Prantl is
supported by the matK data, but polyphyletic in the Topo6 analysis (publication 1;
Horres & al., 2000; Crayn & al., 2004; Escobedo-Sarti & al., 2013). The most terminal
subfamily Bromelioideae Burnett is not monophyletic in the chloroplast data, however,
it is strongly supported in the Topo6 tree, where Dyckia Schult.f. is the sister group to
Bromelioideae (publication 1). The most commonly reported sister group relationship
of Bromelioideae and Puyoideae Givnish (Terry & al., 1997; Crayn & al., 2004,
Givnish & al., 2011, 2014; Escobedo-Sarti & al., 2013) is not supported by the present
study. Because of the lack of backbone support values, the Topo6 marker could not
fully resolve the subfamilial relationships among the Bromeliaceae (publication 1), but
it generally performed well in this family.

Mayacaceae and the xyrid clade. — The family Mayacaceae consists only of the
marsh/aquatic genus Mayaca Aubl. and still has a controversial phylogenetic position
within the order Poales. Previous studies have placed this family within or in close
relationship with the xyrid clade (Michelangeli & al., 2003; Linder & Rudall, 2005;
Givnish & al., 2010), within the cyperid clade (Chase & al., 2000, 2006; Janssen &
Bremer, 2004; Bouchenak-Khelladi & al., 2014) or between these two clades (Davis &
al., 2004; Hertweck & al., 2015; McKain & al., 2016). The plastid matK data weakly
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supports the structure between xyrid (Ericaulaceae and Xyridaceae) and cyperid clade,
whereas Topo6 could not resolve the position of the Mayacaceae (publication 1). The
PhyB tree shows Mayaca grouping with Poaceae, Typhaceae and Eriocaulaceae
(publication 1). This taxonomic placement has not been proposed before and needs to
be treated with caution because of the lack of bootstrap support. The xyrid clade is the
sister group to the strongly supported relationship of restiid and graminid clades in the
matK analyses (cf. Bremer, 2002; Janssen & Bremer, 2004; Bouchenak-Khelladi & al.,
2014; Hertweck & al., 2015; McKain & al., 2016), but it is paraphyletic and
unsupported in all of the present analyses (publication 1).

Restiid clade. — The APG IV (2016) enlarged the Restionaceae to re-include
Anarthriaceae and Centrolepidaceae to stabilize the taxonomy of the poalean order. As a
result, the restiid clade consists only of the family Restionacae. The Anarthria clade is
monophyletic and the sister group to the remaining Restionaceae in all current analyses
(publication 1). As mentioned above, this is the most commonly recognized relationship
(Briggs & al., 2000; Briggs & Johnson, 2000; Bremer, 2002; Michelangeli & al., 2003;
Linder & Rudall, 2005; Chase & al., 2006; Bouchenak-Khelladi & al., 2014; Briggs &
al., 2014), therefore, there is no phylogenetic reason to include Anarthriaceae in the
Restionaceae.

The phylogenetic placement of the centrolepids (cf. Michelangeli & al., 2003;
Marchant & Briggs, 2007; Briggs & al., 2014) presents a similar problem. In
publication 1 the morphologically highly divergent previous family Centrolepidaceae is
represented by Gaimardia Gaudich. It is the sister group to Leptocarpoideae in the
matK tree, to Sporadanthoideae + Leptocarpoideae in the Topo6 tree and to
Restionaceae s.s. in the PhyB tree (publication 1). The present results do not contribute
to a clarification on this issue.

The matK and Topo6 data retrieved the monophyly of all three recognized
subfamilies within the Restionaceae s.s., whereas the PhyB data suggest that
Restionoideae could be paraphyletic (publication 1). Overall, the results of this study
confirm the commonly accepted subfamily and tribe structure of the Restionaceae
(Briggs & al., 2000, 2010, 2014; Briggs & Linder, 2009).

Poaceae. — Within the monophyletic grass family, Streptochaeta Schrad. and
Anomochlora Brongn. are the genera to branch off first in the plastid and the nuclear
Topo6 trees, followed by Pharus P.Browne (publication 2; Clark & al., 1995; Soreng &
Davis, 1998; Hilu & al., 1999; Hsiao & al., 1999; Mathews & al., 2000; Zhang, 2000;
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GPWG, 2001; Michelangeli & al., 2003; Davis & Soreng, 2007; Duvall & al., 2007,
Bouchenak-Khelladi & al., 2008; Givnish & al., 2010; Saarela & Graham, 2010; Soreng
& al., 2015, 2017; Saarela & al., 2018). The subfamily Anomochlooideae is only
supported by the nuclear Topo6 data (Clark & Judziewicz, 1996; GPWG, 2001; Givnish
& al., 2010; Saarela & Graham, 2010), but is paraphyletic according to the matK data
(publication 2; Hilu & al., 1999; Zhang, 2000; Davis & Soreng, 2007, Soreng & al.,
2017).

The major clades BOP and PACMAD form a strongly supported relationship in
the current and most of the previous studies (publication 2; Hilu & al., 1999, 2003;
GPWG, 2001; Michelangeli & al., 2003; Davis & Soreng, 2007; Marchant & Briggs,
2007; Bouchenak-Khelladi & al., 2008; Givnish & al., 2010; Saarela & Graham, 2010;
GPWG 11, 2012; Soreng & al., 2017; Saarela & al., 2018). Monophyly of the BOP clade
is also confirmed by the present plastid and nuclear data, but the support values vary
from very weak in the matK results to very strong in the Topo6 analysis (publication 2).
The taxonomic order of the subfamilies within these large clades could not be clarified
because of the small sampling size and lack of backbone support (publication 2; Hillis,
1996; Wiens, 1998, 2003a, 2003b, 2005; Hillis & al., 2003; Salamin & al., 2005; Knoop
& Muller, 2009; Crawley & Hilu, 2012). The PACMAD clade is paraphyletic, but the
subfamilies Micrairoideae and Panicoideae are strongly supported by matK and Topo6
(publication 2). All three subfamilies within the BOP clade are strongly supported in the
plastid tree, whereas the Topo6 data show Pooideae paraphyletic and Oryzoideae
weakly supported (publication 2).
Pooideae. — The morphologically ambiguous genus Brachyeleytrum combines pooid
and bambusoid characters (e.g. Kellogg & Campbell, 1987; Clayton & Renvoize, 1996;
Watson & Dallwitz, 1992). The nuclear tree in the Poaceae analysis show this genus to
be separated from the Pooideae within the BOP clade (publication 2). The present
matK, PhyB, Topo6 exon 8-13 and the nuclear combined analyses, however, confirm
previous studies and place Brachyelytrum as diverging first within the Pooideae
(publications 2 and 3; cf. Catalan & al., 1997; Soreng & Davis, 1998; GPWG, 2001,
Duvall & al., 2007; Bouchenak-Khelladi & al., 2008; GPWG 1I, 2012; Soreng & al.,
2017; Saarela & al., 2018).

The monotypic genera Lygeum and Nardus are in a relationship with maximum
support and are part of the basal pooid lineages in all phylogenetic trees of this study

(publications 2 and 3), which agrees with the generally acknowledged taxonomy
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(Catalan & al., 1997; Hsiao & al., 1999; Mathews & al., 2000; GPWG, 2001; Davis &
Soreng, 2007; Doéring & al., 2007; Bouchenak-Khelladi & al., 2008; Schneider & al.,
2009, 2011; Romaschenko & al., 2012; Soreng & al., 2017; Saarela & al., 2018).
Schneider & al. (2009) suggested the inclusion of Lygeum in the tribe Nardeae, which
was confirmed by Kellogg (2015) and this study (publication 3).

A common broad tribe Phaenospermateae (see plastid data in publication 3;
Davis & Soreng, 2007; Déring & al., 2007; Schneider & al., 2009; Romaschenko & al.,
2012, 2014) was not supported by Schneider & al. (2011) because there is no
morphological synapomorphic character, leading them to separate Phaenosperma in a
monotypic tribe from the remaining genera unified under the tribe Duthieeae. The
present nuclear dataset resulted in a relationship of Phaenosperma and the tribe
Meliceae or left this genus in an unresolved polytomy, which confirms the
recommendation for a monotypic Phaenospermateae (publication 3; Soreng & al. 2017).
The present combined nuclear analysis strongly supported the tribe Duthieeae, whereas
all other trees showed this tribe to be polyphyletic (publication 3). It is worth noting that
some Ampelodesmos sequences cluster together with the all or part of the tribe
Duthieeae and share some characters with Danthoniastrum (Holub) Holub in the Accl
and Topo6 exon 8-13 dataset (publication 3; cf. Romaschenko & al., 2014). A similar
pattern emerged for Trikeraia pappiformis (Keng) P.C.Kuo & S.L.Lu, and because of
this placement, the present results propose a putative hybrid origin of these stipoid taxa
between the tribe Stipeae and an ancestor of the Duthieeae (publication 3). The
inclusion of Ampelodesmos in the Stipeae (subtribe Ampelodesminae Conert) rather
than in their own monotypic tribe is also supported by all phylogenetic analyses
(publication 3; Schneider & al., 2009; Kellogg, 2015).

All trees in this study show a highly supported relationship of Brylkinia
F.Schmidt and the remaining Meliceae (publications 2 and 3; cf. Schneider & al., 2009,
2011; Romaschenko & al., 2012; Soreng & al., 2017). Following Schneider & al.
(2009), the present results confirm an admission of Brylkinia under a separate subtribe
Brylkiniinae Ohwi within the Meliceae (publication 3; Kellogg, 2015).

Within the ‘core’ Pooideae (Davis & Soreng, 1993), the tribe Triticeae and the
Aveneae/Poeae tribe complex are clearly monophyletic (publications 2 and 3; e.g. Hilu
& al., 1999; Duvall & al., 2007; Bouchenak-Khelladi & al., 2008; Schneider & al.,
2009, 2011; Soreng & al., 2017; Saarela & al., 2018). In all results of the present study

the tribe Triticeae is divided into Brominae Dumort., Hordeinae Dumort. and
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Littledalea (publications 2 and 3). Schneider & al. (2009) proposed a broader tribe
Triticeae with the subtribes Brominae, Hordeinae and Littledaleinae Roser, and this
taxonomic treatment was followed by this study (publications 2 and 3). In contrast,
Soreng & al. (2015, 2017) used the rank of the supertribe Triticodae T.D.Macfarl. &
L.Watson to unite the tribes Bromeae, Littledaleae and Triticeae.

The Aveneae/Poeae tribe complex also referred to as supertribe Poodae is
strongly supported by the present phylogenetic trees (publication 3) and the plastid data
confirmed the conclusions of former studies, supporting a clear split of this group into
two lineages (publication 3; cf. Catalan & al., 1997; Hilu & al., 1999; Soreng & Davis,
2000; Davis & Soreng 2007; Déring & al., 2007; Soreng & al., 2007, 2017; Quintanar
& al., 2007; Schneider & al., 2009, 2011; Saarela & al., 2018). Up to now no nuclear
marker analysis could retrieve this split (publication 3; Quintanar & al., 2007; Schneider
& al., 2009).

Utility of plastid matK and nuclear Accl, Topo6 and PhyB. — Within the order
Poales the generated matK phylogeny (publication 1) broadly agrees with previous
plastid trees (e.g. Bouchenak-Khelladi & al., 2014) and nuclear trees (e.g. McKain &
al., 2016). It resolves a graminid clade, a restiid clade, a cyperid clade and a xyrid clade
without Mayaca. It also supports the monophyly of the families recognized by APG IV
(2016). These results support the usability of matK for phylogenetic investigation of the
order Poales and confirm previous works at the ordinal level and above (Givnish & al.,
2010; Evans & al., 2015; Hertweck & al., 2015). By contrast, there are only minor
discrepancies to the trees obtained from nuclear or multi-locus analyses, such as placing
the Micrairoideae in a sister relationship with the Danthonioideae (publication 1;
Micrairoideae and Arundinoideae in GWPG Il, 2012). The Topo6 tree of the order
Poales is characterized by a poorly resolved and supported backbone, caused by the
short length of this locus (only alignable exon regions) and the resulting low number of
informative sites (publication 1). Overall it is largely congruent with the plastid and
transcriptome trees (Givnish & al., 2010; Bouchenak-Khelladi & al., 2014; Hertweck &
al., 2015; Barrett & al., 2016; McKain & al., 2016) and supports the relationship of
Ecdeiocoleaceae + Joinvilleaceae, the cyperids (Cyperaceae + Juncaceae) and the
restiids (Anarthria clade + Restionaceae). In contrast, the PhyB data result in an unusual
topology (publication 1), with several groupings (e.g. Mayacaceae, Typhaceae and
Eriocaulaceae) supported by posterior probability = 1.0, but no bootstrap support

(likelihood or maximum parsimony). It is assumed that posterior probability and
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bootstrap are fundamentally different values for phylogenetic accuracy, whereby the
posterior probability is over-parameterized when the priors are incorrect (Erixon & al.,
2003; Huelsenbeck & Rannala, 2004; Yang & Rannala, 2005). The PhyB nodes
supported by bootstrap are congruent with the Topo6 data and can be treated as reliable
support (publication 1).

Within the restiid clade, the differences between the three markers used in this
study are much smaller than within the order Poales (publication 1). MatK and Topo6
show Gaimardia as a sister group to the Leptocarpoideae, whereas PhyB places it as a
sister group to the Restionaceae s.s. (publication 1). These positions and a sister
relationship to the subfamily Sporadanthoideae have been reported previously (Bremer,
2002; Michelangeli & al., 2003; Marchant & Briggs, 2007, Briggs & al., 2014). PhyB
data suggest that the subfamily Restionoideae could be paraphyletic. Generally, the
plastid matK region and both nuclear markers performed well within the restiid clade
and resulted in usable phylogenies.

The chloroplast matK region leads to meaningful topologies at the family level,
as mentioned above (publications 1 and 2). The Topo6 marker region exon 8-11
compares c. 700 base pairs, and the sampling size of the large families Bromeliaceae
(publication 1) and Poaceae (publication 2) was less than 1% of all recognized taxa. The
impact of missing data on the accuracy and robustness of phylogenetic trees was
already mentioned (Hillis 1996; Wiens 1998, 2003a, 2003b, 2005; Hillis & al., 2003,
Salamin & al., 2005; Knoop & Muiller, 2009; Crawley & Hilu, 2012). These studies
suggested that phylogenetic accuracy benefits from adding species and/or characters or
gene regions with different tempo and modes of evolution. Nevertheless, Topo6
generated good results at the family level, given that it supported the monophyly of the
grass subfamily Anomochlooideae, the major BOP clade and some subfamilal nodes
within the bromeliads (publications 1 and 2).

The plastid region matK gene-3’trnK exon combines coding regions and non-
coding regions and generated a well resolved phylogenetic tree of the grass subfamily
Pooideae, with strongly supported tribes (except for Duthieeae and Diarrheneae), but
did not contribute significant information at a lower taxonomic level (publication 3).
The backbone resolution of the Topo6 exon 8-13 tree is relatively good and even the
nodes within the tribes are strongly supported (publication 3). The divergent
phylogenetic positions of Ampelodesmos and Trikeraia are also shown by this data

(publication 3). The tribes and subtribes are also largely strongly supported within the
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Topo6 exon 17-19 dataset, but the backbone support is very weak because of the high
proportion of intron characters (publication 3). The tree obtained from Accl shows a
level of resolution similar to the one obtained from Topo6 exon 17-19, but it retrieves
the same interesting position of Ampelodesmos, as does the Topo6 exon 8-13 tree
(publication 3). The PhyB region contains only a part of exon 1 and resulted in the least
resolved phylogenetic tree, whereas the combined nuclear tree benefits from the
additionally included characters and vyields the highest resolution without any
polytomies (cf. Wiens 1998, 2003a, 2003b, 2005; Duarte & al., 2010; Crawley & Hilu,
2012).
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The current study demonstrates that the analyses of the plastid matk marker and the
nuclear single-copy DNA markers provide satisfactory support in some parts of the
phylogenetic trees at different taxonomic levels within the large order Poales.

The matK locus retrieves the currently accepted plastid phylogeny of the order
Poales very well and Topo6 shows an almost match with these results, however, with
less support. By contrast, the PhyB data show numerous mismatches from these results
but lack bootstrap support. Neither plastid nor nuclear data could answer the
outstanding questions regarding the phylogenetic relationships of taxa within Poales. To
clarify the structural sequence of the basal families, the placement of Mayacaceae and
the position and extent of the xyrid clade, more nuclear-encoded data are required. A
similar picture emerged within the restiid clade, where the delimitation of the families
could not be clarified in detail. All present results confirm the inclusion of the
Centrolepidaceae as a subfamily Centrolepidoideae within the Restionaceae, but there is
no support for or against including the Anarthriaceae in the Restionaceae. Apart from
this, many nodes of the Poales phylogeny are resolved and supported by the present
plastid and nuclear data.

At the family level, matK and Topo6 exon 8-11 were used to investigate the
Bromeliaceae and Poaceae. The nuclear marker region in particular provided some
meaningful results, such as the supported monophyly of the major BOP clade and the
basal subfamily Anomochlooideae, and some supported nodes within Bromeliaceae.
Because of the small sampling size and the fact that only one nuclear marker was
investigated, more conclusive statements are not possible. Nevertheless, the results
provide a starting point for further investigations, because the analyses of additional
marker regions and the inclusion of more taxa will significantly improve the tree
topologies.

Within the grass subfamily Pooideae more nuclear marker regions were studied
and the most robust results were found. The combined nuclear tree shows the most
strongly supported tribe sequence: Brachyelytreae, Nardeae (with subtribes Lygeinae
and Nardinae), Duthieeae, Meliceae (subtribes Brylkiniinae and Melicinae) +
Phaenospermatae, Stipeae, Diarrheneae, Brachypodieae and the ‘core’ Pooideae. The

divergent position of some clone sequences of Ampelodesmos mauritanicus and
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Trikeraia pappiformis within the Topo6 exon 8-13 and/or Accl dataset suggested a
putative hybrid origin of these stipoid taxa with a potential ancestor in the tribe
Duthieeae. The strongly supported and well defined split of the Aveneae/Poeae tribe
complex into two lineages based on plastid data could not be confirmed by any of the
present nuclear investigations.

However, progress has been made in exploring phylogenetic relationships of the
Poales, restiids, Bromeliaceae, Poaceae and Pooideae by investigating nuclear single-
copy genes. Some taxonomic problems still persist in a number of groups, mainly as a
result of poor sampling, limited resolution and because it is impossible to combine
different marker regions. To get a fully resolved picture of relationships within the order
Poales, more DNA data (taxa and characters) and a careful revision of morphological,
cytological and biogeographical aspects are needed. A major challenge that remains
within the Poales is the large number of species, for which it is sometimes impossible to
get plant material of sufficient quality for genetic analyses. Continuously improving
next generation sequencing technologies, enabling the analysis of herbarium specimens
with highly degraded DNA, will play an important role in future phylogenetic studies of
the order Poales and the lower taxonomic levels (Staats & al., 2011; Beck & Semple,
2015). The investigation of polyploids using nuclear single-copy genes will provide
crucial information about the evolution and origin of poalean species and could help to

uncover hybridization events.

78



REFERENCES

Angiosperm Phylogeny Group (APG). 1998. An ordinal classification for the families
of flowering plants. Ann. Missouri Bot. Gard. 85: 531--553.
http://www.jstor.org/stable/2992015

Angiosperm Phylogeny Group Il (APG I11). 2009. An update of the Angiosperm
Phylogeny Group classification for the orders and families of flowering plants:
APG III. Bot. J. Linn. Soc. 161: 105--121.
https://doi.org/10.1111/j.1095-8339.2009.00996.x

Angiosperm Phylogeny Group IV (APG 1V). 2016. An update of the Angiosperm
Phylogeny Group classification for the orders and families of flowering plants:
APG V. Bot. J. Linn. Soc. 181: 1--20. https://doi.org/10.1111/b0j.12385

Barfuss, M.H.J. 2012. Molecular studies in Bromeliaceae: Implications of plastid and
nuclear DNA markers for phylogeny, biogeography, and character evolution
with emphasis on a new classification of Tillandsioideae. University of Vienna,
Vienna, 244 pp. http://othes.univie.ac.at/24037/

Barker, N.P., Linder, H.P. & Harley, E.H. 1999. Sequences of the grass-specific
insert in the chloroplast rpoC2 gene elucidate generic relationships of the
Arundinoideae (Poaceae). Syst. Bot. 23: 327--350.
https://doi.org/10.2307/2419509

Barkworth, M.E., Arriaga, M.O., Smith, J.F., Jacobs, S.W.L., Valdés-Reyna, J. &
Bushman, B.S. 2008. Molecules and morphology in South American Stipeae
(Poaceae). Syst. Bot. 33: 719--731.
https://doi.org/10.1600/036364408786500235

Barrett, C.F., Baker, W.J., Comer, J.R., Conran, J.G., Lahmeyer, S.C., Leebens-
Mack, J.H., Li, J., Lim, G.S., Mayfield-Jones, D.R., Perez, L., Medina, J.,
Pires, J.C., Santos, C., Stevenson, D.W., Zomlefer, W.B. & Dauvis, J.1. 2016.
Plastid genomes reveal support for deep phylogenetic relationships and
extensive rate variation among palms and other commelinid monocots. New
Phytol. 209: 855--870. https://doi.org/10.1111/nph.13617

Beck, J.B. & Semple, J.C. 2015. Next-generation sampling: Pairing genomics with
herbarium specimens provides species-level signals in Solidago (Asteraceae).
Appl. Plant Sci. 3. https://doi.org/10.3732/apps.1500014.

79



REFERENCES

Blaner, A. 2012. Molekular-phylogenetische Untersuchungen an den Unterfamilien der
Gréser (Poaceae). Diploma thesis, Martin-Luther-University Halle-Wittenberg.

Bouchenak-Khelladi, Y., Muasya, M.A. & Linder, P.H. 2014. A revised evolutionary
history of Poales: origins and diversification. Bot. J. Linn. Soc. 175: 4--16.
https://doi.org/10.1111/b0j.12160

Bouchenak-Khelladi, Y., Salamin, N., Savolainen, V., Forest, F., Bank, M.v.d.,
Chase, M.W., Hodkinson, T.R. 2008. Large multi-gene phylogenetic trees of
the grasses (Poaceae): progress towards complete tribal and generic level
sampling. Mol. Phylogenet. Evol. 47: 488--505.
https://doi.org/10.1016/j.ympev.2008.01.035

Brassac, J. & Blattner, F.R. 2015. Species-level phylogeny and polyploid
relationships in Hordeum (Poaceae) inferred by next-generation sequencing and
in silico cloning of multiple nuclear loci. Syst. Biol. 64: 792--808.
https://doi.org/10.1093/sysbio/syv035

Brassac, J., Jakob, S.S. & Blattner, F.R. 2012. Progenitor-derivative relationships of
Hordeum polyploids (Poaceae, Triticeae) inferred from sequences of Topo6, a
nuclear low-copy gene region. PLoS ONE 7/3: e33808.
https://doi.org/10.1371/journal.pone.0033808

Bremer, K. 2002. Gondwanan evolution of the grass alliance of families (Poales).
Evolution 56: 1374--1387. http://www.jstor.org/stable/3061610

Briggs, B.G. & Johnson, L.A.S. 2000. Hopkinsiaceae and Lyginiaceae, two new
families of Poales in Western Australia, with revisions of Hopkinsia and
Lyginia. Telopea 8: 477--502.
https://www.researchgate.net/profile/Barbara_Briggs2/publication/254299801
Hopkinsiaceae_and_Lyginiaceae_two_new_families_of Poales_in_Western_Au
stralia_with_revision_of Hopkinsia_and_Lyginia/links/0deec53cd9ad22c¢00100
0000/Hopkinsiaceae-and-Lyginiaceae-two-new-families-of-Poales-in-Western-
Australia-with-revision-of-Hopkinsia-and-Lyginia.pdf

Briggs, B.G. & Linder, H.P. 2009. A new subfamilial and tribal classification of
Restionaceae (Poales). Telopea 12: 333--345. https://doi.org/10.5167/uzh-25514

Briggs, B.G., Marchant, A.D., Gilmore, S. & Porter, C.L. 2000. A molecular
phylogeny of Restionaceae and allies. Pp. 661--671 in: Wilson, K.L. &
Morrison, D. (eds.), Monocots: Systematics and evolution. Australia, Melbourne:
CSIRO.

80



REFERENCES

Briggs, B.G. Marchant, A.D. & Perkins, A. 2010. Phylogeny and features in
Restionaceae, Centrolepidaceae and Anarthriaceae (the restiid clade of Poales).
Pp. 357--388 in: Seberg, O., Petersen, G., Barfod, A.S. & Davis, J.I. (eds.),
Diversity, phylogeny, and evolution in the monocotyledons. Denmark, Aarhus:
Aarhus University Press.

Briggs, B.G., Marchant, A.D. & Perkins, A. 2014. Phylogeny of the restiid clade
(Poales) and implications for the classification of Anarthriaceae,
Centrolepidaceae and Australian Restionaceae. Taxon 63: 24--46.
https://doi.org/10.12705/631.1

Catalan, P., Kellogg, E.A. & Olmstead, R.G. 1997. Phylogeny of Poaceae subfamily
Pooideae based on chloroplast ndhF gene sequences. Mol. Phylogenet. Evol. 8:
150--166. https://doi.org/10.1006/mpev.1997.0416

Chase, M.W. 2004. Monocot relationships: an overview. Am. J. Bot. 91: 1645--1655.
https://doi.org/10.3732/a3jb.91.10.1645

Chase, M.W., Soltis, D.E., Soltis, P.S., Rudall, P.J., Fay, M.F., Hahn, W.H.,
Sullivan, S., Joseph, J., Molvray, M., Kores, P.J., Givnish, T.J., Sytsma, K.J.
& Pires, J.C. 2000. Higher-level systematics of the monocotyledons: an
assessment of current knowledge and a new classification. Pp. 61--74 in: Jacobs,
SW.L. & Everett, J.,, Eds.,, Grasses: Systematics and Evolution. Australia,
Melbourne: CSIRO.

Chase, M.W., Fay, M.F., Devey, D.S., Maurin, O., Rgnsted, N., Davies, T.J., Pillon,
Y., Petersen, G., Seberg., O., Tamura, M.N., Asmussen, C.B., Hilu, K,
Borsch, T., Davis, J.l., Stevenson, D.W., Pires, J.C., Givnish, T.J., Sytsma,
K.J., McPherson, M.A., Graham, S.W. & Rai, H.S. 2006. Multigene analyses
of monocot relationships: a summary. Aliso 22: 63--75.
https://doi.org/10.5642/alis0.20062201.06

Clark, L.G. & Judziewicz, E.J. 1996. The grass subfamilies Anomochloideae and
Pharoideae (Poaceae). Taxon 45: 641--645. https://doi.org/10.2307/1224248

Clark, L.G., Zhang, W. & Wendel, J.F. 1995. A phylogeny of the grass family
(Poaceae) based on ndhF sequence data. Syst. Bot. 20: 436--460.
https://doi.org/10.2307/2419803

Clark, L.G., Kobayashi, M., Mathews, S, Spangler, R.E. & Kellogg, E.A. 2000. The
Puelioideae, a new subfamily of Poaceae. Syst. Bot. 25: 181--187.
https://doi.org/10.2307/2666637

81



REFERENCES

Clayton, W.D. & Renvoize, S.A. 1986. Genera graminum. Grasses of the world. Kew
Bulletin Additional Series 13. London: HMSO.

Crawley, S.S. & Hilu, KW. 2012. Impact of missing data, gene choice, and taxon
sampling on phylogenetic reconstruction: the Caryophyllales (angiosperms).
Plant Syst. Evol. 298: 297--312. https://doi.org/10.1007/s00606-011-0544-x

Crayn, D.M., Winter, K. & Smith, J.A. 2004. Multiple origins of crassulacean acid
metabolism and the epiphytic habit in the Neotropical family Bromeliaceae.
Proc. Natl. Acad. Sci. U.S.A. 101: 3703--3708.
https://doi.org/10.1073/pnas.0400366101

Crayn, D.M., Winter, K., Schulte, K. & Smith, J.A.C. 2015. Photosynthetic
pathways in Bromeliaceae: phylogenetic and ecological significance of CAM
and C3 based on carbon isotope ratios for 1893 species. Bot. J. Linn. Soc.178:
169--221.
https://doi.org/10.1111/b0j.12275

Davis, J.I. & Soreng, R.J. 1993. Phylogenetic structure in the grass family (Poaceae)
as inferred from chloroplast DNA restriction site variation. Am. J. Bot. 80: 1444-
-1454. https://doi.org/10.2307/2445674

Davis, J.I. & Soreng, R.J. 2007. A preliminary phylogenetic analysis of the grass
subfamily Pooideae (Poaceae), with attention to structural features of the plastid
and nuclear genomes, including an intron loss in GBSSI. Aliso 23: 335--348.
https://repository.si.edu/bitstream/handle/10088/4459/Davis_Soreng_2008_Alis
0_23 335_348.pdf

Davis, J.l., Stevenson, D.W., Peterson, G., Seberg, O., Campbell, L.M.,
Freudenstein, J.V., Goldman, D.H., Hardy, C.R., Michelangeli, F.A.,
Simmons, M.P., Specht, C.D., Vergara-Silva, F. & Gandolfo, M. 2004. A
phylogeny of the monocots, as inferred from rbcL and atpA sequence variation,
and a comparison of methods for calculating jackknife and bootstrap values.
Syst. Bot. 29: 467--510. https://doi.org/10.1600/0363644041744365

Doebley, J., Durbin, M., Goldenberg, E.M., Clegg, M.T. & Ma, D.P. 1990.
Evolutionary analysis of the large subunit of carboxylase (rbcL) nucleotide-
sequence among grasses (Gramineae). Evolution 44: 1097--1108.
https://doi.org/10.1111/j.1558-5646.1990.th03828.x

Doring, E., Schneider, J., Hilu, KW. & Rdéser, M. 2007. Phylogenetic relationships

in the Aveneae/Poeae complex (Pooideae, Poaceae). Kew. Bull. 62: 407--424.

82



REFERENCES

http://www.jstor.org/stable/20443367

Duarte, J.M., Wall, P.K., Edger, P.P., Landherr, L.L., Ma, H., Pires, J.C.,
Leebens-Mack, J. & dePamphilis, C.W. 2010. Identification of shared single
copy nuclear genes in Arabidopsis, Populus, Vitis and Oryza and their
phylogenetic utility across various taxonomic levels. B.M.C. Evol. Biol. 10: 61.
https://doi.org/10.1186/1471-2148-10-61

Duvall, M.R., Clegg, M.T., Chase, M.W., Clark, W.D., Kress, W.J., Hills, H.G.,
Eguiarte, L.E., Smith, J.F., Gaut, B.S., Zimmer, E.A. & Learn, G.H. 1993.
Phylogenetic hypotheses for the monocotyledons constructed from rbcL
sequence data. Ann. Missouri Bot. Gard. 80: 607--619.
https://doi.org/10.2307/2399849

Duvall, M.R., Davis, J.1., Clark, L.G., Noll, J.D., Goldman, D.H. & Sanchez-Ken,
J.G. 2007. Phylogeny of the grasses (Poaceae) revisited. Aliso 23: 237--247.
https://doi.org/10.5642/alis0.20072301.18

Erixon, P., Svennblad, B., Britton, T. & Oxelman, B. 2003. Reliability of Bayesian
posterior probabilities and bootstrap frequencies in phylogenetics. Syst. Biol. 52:
665--673. http://www.jstor.org/stable/3651068

Escobedo-Sarti, J., Ramirez, I., Leopardi, C., Carnevali, G., Magellén, S. Duno, R.
& Mondragon, D. 2013. A phylogeny of Bromeliaceae (Poales,
Monocotyledoneae) derives from an evaluation of nine supertree methods. Aust.
J. Plant Physiol. 51: 743--757. https://doi.org/10.1111/jse.12044

Evans, T.M., Jabaily, R.S., de Faria, A.P.G., de Sousa, L.d.O.F., Wendt, T. &
Brown, G.K. 2015. Phylogenetic relationships in Bromeliaceae subfamily
Bromelioideae based on chloroplast DNA sequence data. Syst. Bot. 40: 116--
128. https://doi.org/10.1600/036364415X686413

Fan, X., Zhang, H.Q., Sha, L.N., Zhang, L., Yang, R.W., Ding, C.B. & Zhou, Y.H.
2007. Phylogenetic analysis among Hystrix, Leymus and its affinitive genera
(Poaceae: Triticeae) based on the sequences of a gene encoding plastid acetyl-
CoA carboxylase. Plant Sci. 172: 701--707.
https://doi.org/10.1016/j.plantsci.2006.11.012

Fan, X., Sha, L.N., Yang, R.W., Zhang, H.Q., Kang, H.Y., Ding, C.B., Zhang, L.,
Zheng, Y.L. & Zhou, Y.H. 2009. Phylogeny and evolutionary history of
Leymus (Triticeae; Poaceae) based on a single-copy nuclear gene encoding
plastid acetyl-CoA carboxylase. BMC Evol. Biol. 9: 247.

83



REFERENCES

https://doi.org/10.1186/1471-2148-9-247

Gillespie, L.J., Soreng, R.J., Paradis, M. & Bull, R.D. 2010. Phylogeny and
reticulation in subtribe Poinae and related subtribes (Poaceae) based on nrITS,
ETS and trnTLF data. Pp. 589--617 in: Seberg, O., Peterson, G., Barford, A.S. &
Davis, J.I., Eds., Diversity, Phylogeny, and Evolution in the Monocotyledons.
Aarhus University Press, Copenhagen.

Givnish, T.J., Pires, J.C., Graham, S.W., McPherson, M.A., Prince, L.M.,,
Patterson, T.B., Rai, H.S., Roalson, E.H., Evans, T.M., Hahn, W.J., Millam,
K.C., Meerow, A.W., Molvray, M., Kores, P.J., O’Brien, H.E., Hall, J.C.,
Kress, W.J. & Sytsma, K.J. 2006. Phylogenetic relationships of monocots
based on the highly informative plastid gene ndhF: evidence for widespread
concerted convergence. Aliso 22: 28--51.
https://doi.org/10.5642/alis0.20062201.04

Givnish, T.J., Ames, M., McNeal, J.R., McKain, M.R., Steele, P.R., de Pamphilis,
C.W.,, Graham, S.W., Pires, J.C., Stevenson, D.W., Zomlefer, W.B., Briggs,
B.G., Duvall, M.R., Moore, M.J., Heaney, J.M., Soltis, D.E., Soltis, P.S.,
Thiele, K. & Leebens-Mack, J.H. 2010. Assembling the tree of the
monocotyledons: plastome sequence phylogeny and evolution of Poales. Ann.
Missouri Bot. Gard. 97: 584--616. https://doi.org/10.3417/2010023

Givnish, T.J., Millam, K.C., Berry, P.E. & Sytsma, K.J. 2011. Phylogeny, adaptive
radiation, and historical biogeography of Bromeliaceae inferred from ndhF
sequence data. Aliso 23: 3--26. https://doi.org/10.3732/ajb.1000059

Givnish, T.J., Barfuss, M.H.J., Van Ee, B., Riina, R., Schulte, K., Horres, R.,
Gonsiska, P.A., Jabaily, R.S., Cravn, D.M., Smith, A.C., Winter, K., Brown,
G.K,, Evans, T.M., Holst, B.K., Luther, H., Till, W., Zizka, G., Berry, P.E.
& Sytsma, K.J. 2014. Adaptive radiation, correlated and contingent evolution,
and net species diversification in Bromeliaceae. Mol. Phyl. Evol. 71: 55--78.
https://doi.org/10.1016/j.ympev.2013.10.010

Grass Phylogeny Working Group (GPWG). 2001. Phylogeny and subfamilial
classification of the grasses (Poaceae). Ann. Missouri Bot. Gard. 88: 373--457.
https://doi.org/10.2307/3298585

Grass Phylogeny Working Group Il. 2012. New grass phylogeny resolves deep
evolutionary relationships and discovers C4 origins. New Phytol. 193: 304--312.
https://doi.org/10.1111/j.1469-8137.2011.03972.x

84



REFERENCES

Hamasha, H.R., von Hagen, K.B. & Rdser, M. 2011. Stipa (Poaceae) and allies in the
Old World: molecular phylogenetics realigns genus circumscriptions and gives
evidence on the origin of American and Australian lineages. PI. Syst. Evol. 298:
351--367. https://doi.org/10.1007/s00606-011-0549-5

Hamby, R.K. & Zimmer, E.A. 1988. Ribosomal RNA sequences for inferring
phylogeny within the grass family (Poaceae). Plant Syst. Evol. 160: 29--37.
https://doi.org10.1007/BF00936707

Hand, M.L., Cogan, N.O., Stewart, A.V. & Forster, J.W. 2010. Evolutionary history
of tall fescue morphotypes inferred from molecular phylogenetics of the Lolium—
Festuca species complex. BMC Evol. Biol. 10: 303.
https://doi.org/10.1186/1471-2148-10-303

Hardy, C.R., Moline, P. & Linder, H.P. 2008. A phylogeny for the African
Restionaceae and new perspectives on morphology’s role in generating complete
species phylogenies for large clades. Int. J. Plant Sci. 169: 377--390.
https://doi.org/10.1086/526467

Hartung, F., Blattner, F.R. & Puchta, H. 2002. Intron gain and loss in the evolution
of the conserved eukaryotic recombination machinery. Nucl. Acids Res. 30,
5175--5181. https://doi.org/10.1093/nar/gkf649

Hertweck, K.L., Kinney, M.S., Stuart, S.A., Maurin, O., Mathews, S., Chase,
M.W., Gandolfo, M.A. & Pires, J.C. 2015. Phylogenetics, divergence times
and diversification from three genomic partitions in monocots. Bot. J. Linn.
So0c.178: 375--393. https://doi.org/10.1111/b0j.12260

Hillis, D.M. 1996. Inferring complex phylogenies. Nature 383: 130--131.
https://doi.org/10.1038/383130a0

Hillis, D.M., Pollock, D.D., McGuire, J.A. & Zwickl, D.J. 2003. Is sparse taxon
sampling a problem for phylogenetic inference? Syst. Biol. 52: 124--126.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2943953/pdf/nihms194765.pdf

Hilu, KW., Alice, L.A. & Liang, H. 1999. Phylogeny of Poaceae inferred from matK
sequences. Ann. Missouri Bot. Gard. 86: 835--851.
https://doi.org/10.2307/2666171

Hilu, KW, Borsch, T., Muller, K., Soltis, D.E., Soltis, P.S., Savolainen, V., Chase,
M.W., Powell, M.P., Alice, L.A., Evans, R., Sauquet, H., Neinhuis, C.,
Slotta, T.A.B., Rohwer, J.G., Campbell, C.S. & Chatrou, L.W. 2003.

85



REFERENCES

Angiosperm phylogeny based on matK sequence information. Am. J. Bot. 90:
1758--1776. https://doi.org/10.3732/a3jb.90.12.1758

Horres, R., Zizka, G., Kahl, G. & Weising, K. 2000. Molecular phylogenetics of
Bromeliaceae: evidence from trnL (UAA) intron sequences of the chloroplast
genome. Plant Biol. J. 2: 306--315. https://doi.org/10.1055/s-2000-3700

Hsiao, C., Jacobs, S.W.L., Chatterton, N.J. & Asay, K.H. 1999. A molecular
phylogeny of the grass family (Poaceae) based on the sequences of nuclear
ribosomal DNA (ITS). Aust. J. Bot. 11: 667--688.
https://doi.org/10.1071/SB97012

Huang, S., Sirikhachornkit, A., Faris, J.D., Su, X., Gill, B.S., Haselkorn, R. &
Gornicki, P. 2002. Phylogenetic analysis of the acetyl-CoA carboxylase and 3-
phosphoglycerate kinase loci in wheat and other grasses. PI. Mol. Biol. 48: 805--
820. https://doi.org/10.1023/A:1014868320552

Huelsenbeck, J.P. & Rannala, B. 2004. Frequentist properties of Bayesian posterior
probabilities of phylogenetic trees under simple and complex substitution
models. Syst. Biol. 53: 904--913. https://doi.org/10.1080/10635150490522629

Jakob, S.S. & Blattner, F.R. 2010. Two extinct diploid progenitors were involved in
allopolyploid formation in the Hordeum murinum (Poaceae: Triticeae) taxon
complex. Mol. Phylogenet. Evol. 55: 650--659.
https://doi.org/10.1016/j.ympev.2009.10.021

Janssen, T. & Bremer, K. 2004. The age of major monocot groups inferred from 800+
rbcL sequences. Bot. J. Linn. Soc.146: 385--398.
https://doi.org/10.1111/j.10958339.2004.00345.x

Kellogg, E.A. 2015. Poaceae. Vol. XIII of Flowering plants, monocots in Kubitzki, K.
(ed.) The Families and Genera of Vascular Plants. Springer, New York. 416 pp.

Kellogg, E.A. & Campbell, C.S. 1987. Phylogenetic analyses of the Gramineae. Pp.
310--322 In: Soderstrom, T.R., Hilu, K.W., Campbell, C.S. & Barkworth, M.E.
(Eds.), Grass Systematics and Evolution. Smithsonian Institution Press,
Washington, D.C.

Kellogg, E.A. & Linder, H.P. 1995. Phylogeny of Poales. Pp. 511--542 in: P.J. Rudall,
P.J. Cribb, D.F. Cutler & C.J. Humphries (Editors). Monocotyledons:
systematics and evolution. Great Britain, London: Kew: Royal Botanic Gardens.

Knoop, V. & Miller, K. 2009. Gene und Stammb&ume, second ed. Spektrum Verlag,
Heidelberg.

86



REFERENCES

Linder, H.P. & Rudall, P.J. 2005. Evolutionary history of Poales. Annu. Rev. Ecol.
Evol. Syst. 36: 107--124.
https://doi.org/10.1146/annurev.ecolsys.36.102403.135635

Linder, H.P., Briggs, B.G. & Johnson, L.A.S. 2000. Restionaceae: A morphological
phylogeny. Pp. 653--660 in: Wilson, K.L. & Morrison, D. (eds.), Monocots:
Systematics and evolution. Australia, Melbourne: CSIRO.

Linder, H.P., Eldenas, P. & Briggs, B.G. 2003. Contrasting patterns of radiation in
African and Australian Restionaceae. Evolution 57: 2688--2702.
https://doi.org/10.1554/03-097

Litsios, G., Wuest, R.O., Kostikova, A., Forest, F., Lexer, C., Linder, H.P.,
Pearman, P.B., Zimmermann, N.E. & Salamin, N. 2014. Effects of a fire
response trait on diversification in replicated radiations. Evolution 68: 453--465.
https://doi.org/10.1111/ev0.12273

Ludefia, B., Chabrillange, N., Aberlenc-Bertossi, Adam, H., Tregear, JW. &
Pintaud, J.-C. 2011. Phylogenetic utility of the nuclear genes AGAMOUS 1 and
PHYTOCHROME B in palms (Arecaceae): an example within Bactridinae. Ann.
Bot. 108: 1433--1444. https://doi.org/10.1093/aob/mcr191

Macfarlane, T.D. & Watson, L. 1982. The classification of Poaceae subfamily
Pooideae. Taxon 31: 178--203. https://doi.org/10.2307/1219983

Magallon, S., Gomez-Acevedo, S., Sdnchez-Reyes, L.L. & Hernandez-Hernandez,
T. 2015. A metacalibrated time-tree documents the early rise of flowering plant
phylogenetic diversity. New Phytol. 207: 437--453.
https://doi.org/10.1111/nph.13264

Marchant, A.D. & Briggs, B.G. 2007. Ecdeiocoleaceae and Joinvilleaceae, sisters of
Poaceae (Poales): evidence from rbcL and matK data. Telopea 11: 437--450.
https://doi.org/10.7751/telopea20075743

Mason-Gamer, R.J. 2005. The b-amylase genes of grasses and a phylogenetic analysis
of the Triticeae (Poaceae). Am. J. Bot. 92: 1045--1058.
https://doi.org/10.3732/ajb.92.6.1045

Mason-Gamer, R.J. 2013. Phylogeny of a genomically diverse group of Elymus
(Poaceae) allopolyploids reveals multiple levels of reticulation. PLoS ONE 8:
e78449. https://doi.org/10.1371/journal.pone.0078449

Mason-Gamer, R.J., Weil, C.F. & Kellogg, E.A. 1998. Granulebound starch synthase:
structure, function, and phylogenetic utility. Mol. Biol. Evol. 15: 1658--1673.

87



REFERENCES

https://doi.org/10.1093/oxfordjournals.molbev.a025893

Mathews, S., Lavin, M. & Sharrock, R.A. 1995. Evolution of the phytochrome gene
family and its utility for phylogenetic analyses of Angiosperms. Ann. Missouri
Bot. Gard. 82: 296--321. https://doi.org/10.2307/2399882

Mathews, S., Tsai, R.C. & Kellogg, E.A. 2000. Phylogenetic structure in the grass
family (Poaceae): evidence from the nuclear gene phytochrome B. Am. J. Bot.
87: 96--107. https://doi.org/10.2307/2656688

McKain, M.R., Tang, H., McNeal, J.R., Ayyampalayam, S., Davis, J.l.,
dePamphilis, C.W., Givnish, T.J., Pires, J.C., Stevenson, D.W. & Leebens-
Mack, J.H. 2016. A phylogenomic assessment of ancient polyploidy and
genome evolution across the Poales. Genome Biol. Evol. 8: 1150--1164.
https://doi.org/10.1093/gbe/evw060

Michelangeli, F.A., Davis, J.l. & Stevenson, D.W. 2003. Phylogenetic relationships
among Poaceae and related families as inferred from morphology, inversions in
the plastid genome, and sequence data from the mitochondrial and plastid
genomes. Am. J. Bot. 90: 93--106. https://doi.org/10.3732/ajb.90.1.93

Pifieiro, R., Costa, A., Aguilar, J.F. & Feliner, G.N. 2009. Overcoming paralogy and
incomplete lineage sorting to detect a phylogeographic signal: A GapC study of
Armeria pungens. Botany 87: 164--177. https://doi.org/10.1139/B08-133

Quintanar, A., Castroviejo, S. & Catalan, P. 2007. Phylogeny of the tribe Aveneae
(Pooideae, Poaceae) inferred from plastid trnT-F and nuclear ITS sequences.
Am. J. Bot. 94: 1554--1569. https://doi.org/10.3732/ajb.94.9.1554

Romaschenko, K., Peterson, P.M., Soreng, R.J., Garcia-Jacas, N., Futoma, O. &
Susanna, A. 2008. Molecular phylogenetic analysis of the American Stipeae
(Poaceae) resolves Jarava sensu lato polyphyletic: evidence for a new genus,
Pappostipa. J. Bot. Res. Inst. Texas 2: 165--192.
http://www.jstor.org/stable/41971613

Romaschenko, K., Peterson, P.M., Soreng, R.J., Garcia-Jacas, N. & Susanna, A.
2010. Phylogenetics of Stipeae (Poaceae: Pooideae) based on plastid and nuclear
DNA sequences. Pp. 511--537 In: Seberg, O., Petersen, G., Barford, A.S. &
Davis, J.1., Eds., Diversity, Phylogeny, and Evolution in the Monocotyledons.
Aarhus University Press, Copenhagen.

Romaschenko, K., Peterson, P.M., Soreng, R.J., Garcia-Jacas, N., Futirna, O. &

Susanna, A. 2012. Systematics and evolution of the needle grasses (Poaceae:

88



REFERENCES

Pooideae: Stipeae) based on analysis of multiple chloroplast loci, ITS, and
lemma micromorphology. Taxon 61: 18--44.
http://www.ingentaconnect.com/content/iapt/tax/2012/00000061/00000001/art0
0002

Romaschenko, K., Garcia-Jacas, N., Peterson, P.M., Soreng, R.J., Vilatersana, R.
& Susanna, A. 2014. Miocene—Pliocene specification, introgression, and
migration of Patis and Ptilagrostis (Poaceae: Stipeae). Mol. Phylogenet. Evol.
70: 244--259. https://doi.org/10.1016/j.ympev.2013.09.018

Saarela, J.M. & Graham, S.W. 2010. Inference of phylogenetic relationships among
the subfamilies of grasses (Poaceae: Poales) using meso-scale exemplar-based
sampling of the plastid genome. Botany 88: 65--84.
https://doi.org/10.1139/B09-093

Saarela, J.M., Liu, Q., Peterson, P.M., Soreng, R.J. & Paszko, B. 2010.
Phylogenetics of the grass ‘Aveneae-type plastid DNA clade’ (Poaceae:
Pooideae, Poeae) based on plastid and nuclear ribosomal DNA sequence data.
Pp. 557--587 in: Seberg, O., Petersen, G. Barford, A.S. & Davis, J.l., Eds.,
Diversity, Phylogeny, and Evolution in the Monocotyledons. Aarhus University
Press, Copenhagen.

Saarela, J.M., Burke, S.V., Wysocki, W.P., Barrett, M.D., Clark, L.G., Craine,
J.M., Peterson, P.M., Soreng, R.J., Vorontsova, M.S. & Duvall, M.R. 2018.
A 250 plastome phylogeny of the grass family (Poaceae): topological support
under different data partitions. PeerJ 6:e4299. https://doi.org/10.7717/peerj.4299

Salamin, N., Hodkinson, T.R. & Savolainen, V. 2005. Towards building the tree of
life: a simulation study for all angiosperm genera. Syst. Biol. 54: 183--196.
https://doi.org/10.1080/10635150590923254

Sanchez-Ken, J.G., Clark, L.G., Kellogg, E.A. & Kay, E.E. 2007. Reinstatement and
emendation of subfamily Micrairoideae (Poaceae). Syst. Bot. 32: 71--80.
https://doi.org/10.1600/036364407780360102

Sang, T., Pan, J., Zhang, D., Ferguson, D., Wang, C., Pan, K.-Y. & Hong, D.-Y.
2004. Origins of polyploids: an example from peonies (Paeonia) and a model
for angiosperms. Biol. J. Linn. Soc. 82: 561--571.
https://doi.org/10.1111/j.1095-8312.2004.00341.x

Schneider, J., Doring, E., Hilu, KW. & Rodser, M. 2009. Phylogenetic structure of

the grass subfamily Pooideae based on comparison of plastid matK gene-3’trnK

89



REFERENCES

exon and nuclear ITS sequences. Taxon 58: 404--424.
http://www.ingentaconnect.com/content/iapt/tax/2009/00000058/00000002/art0
0008

Schneider, J., Winterfeld, G., Hoffmann, M.H. & Rdser, M. 2011. Duthieeae, a new
tribe of grasses (Poaceae) identified among the early diverging lineages of
subfamily Pooideae: molecular phylogenetics, morphological delineation,
cytogenetics, and biogeography. Syst. Biodivers. 9: 27--44.
https://doi.org/10.1080/14772000.2010.544339

Sha, L., Fan, X,, Yang, R., Kang, H., Ding, C., Zhang, L., Zheng, Y. & Zhou, Y.
2010. Phylogenetic relationship between Hystrix and its closely related genera
(Triticeae; Poaceae) based on nuclear Accl, DMC1 and chloroplast trnL-F
sequences. Mol. Phylogenet. Evol. 54: 327--335.
https://doi.org/10.1016/j.ympev.2009.05.005

Small, R.L., Cronn, R.C. & Wendel, J.F. 2004. Use of nuclear genes for phylogenetic
reconstruction in plants. Aust. Syst. Bot. 17: 145--170.
https://doi.org/10.1071/SB03015

Soltis, D.E., Soltis, P.S., Chase, M.W., Mort, M.E., Albach, D.C., Zanis, M.,
Savolainen, V., Hahn, W.H., Hoot, S.B., Fay, M.F., Axtell, M., Swensen,
S.M., Prince, L.M., Kress, W.J., Nixon, K.C. & Farris, J.S. 2000.
Angiosperm phylogeny inferred from18S rDNA, rbcL, and atpB sequences. Bot.
J. Linn. Soc. 133: 381--461.
https://doi.org/10.1111/j.1095-8339.2000.tb01588.x

Soreng, R.J. & Davis, J.l. 1998. Phylogenetics and character evolution in the grass
family (Poaceae): simultaneous analysis of morphological and chloroplast DNA
restriction site character sets. Bot. Rev. 64: 1--85.
https://link.springer.com/article/10.1007/BF02868851

Soreng, R.J. & Davis, J.1. 2000. Phylogenetic structure in Poaceae subfamily Pooideae
as inferred from molecular and morphological characters: misclassification
versus reticulation. Pp. 61--74 in: Jacobs, SW.L. & Everett, J. (eds.), Grasses:
systematics and evolution. Melbourne: CSIRO.

Soreng, R.J., Davis, J.I. & Voionmaa, M.A. 2007. A phylogenetic analysis of Poaceae
tribe Poeae sensu lato based on morphological characters and sequence data
from three plastid-encoded genes: evidence for reticulation, and a new
classification for the tribe. Kew. Bull. 62: 425--454.

90



REFERENCES

http://www.jstor.org/stable/20443368

Soreng, R.J., Peterson, P.M., Romaschenko, K., Davidse, G., Zuloaga, F.,
Judziewicz, E.J., Filgueiras, T.S., Davis, J.I. & Morrone, O. 2015. A
worldwide phylogenetic classification of the Poaceae (Gramineae). J. Syst. Evol.
53: 117--137. https://doi.org/10.1111/jse.12150

Soreng, R.J., Peterson, P.M., Romaschenko, K., Davidse, G., Teisher, J.K., Clark,
L.G., Barbera, P., Gillespie, L.J. & Zuloaga, F. 2017. A worldwide
phylogenetic classification of the Poaceae (Gramineae) Il: An update and a
comparison of two 2015 classifications. J. Syst. Evol. 55: 259--290.
https://doi.org/10.1111/jse.12262

Staats, M., Cuenca, A., Richardson, J.E., Vrielink-van Ginkel, R., Petersen, G.,
Seberg, O. & Bakker, F.T. 2011. DNA damage in plant herbarium tissue. PLoS
ONE 6, €28448. https://doi.org/10.1371/journal.pone.0028448

Tamura, M.N., Yamashita, J., Fuse, S. & Haraguchi, M. 2004. Molecular phylogeny
of monocotyledons inferred from combined analysis of plastid matK and rbcL
gene sequences. J. Plant Res. 117: 109--120.
https://doi.org/10.1007/s10265-003-0133-3

Terry, R.G., Brown, G.K. & Olmstead, R.G. 1997. Examination of subfamilial
phylogeny in Bromeliaceae using comparative sequenceing of the plastid locus
ndhF. Am. J. Bot. 84: 664--670. https://doi.org/10.2307/2445903

Triplett, J.K., Wang, Y., Zhong, J. & Kellogg, E.A. 2012. Five nuclear loci resolve
the polyploid history of Switchgrass (Panicum virgatum L.) and relatives. PLoS
ONE 7: e38702. https://doi.org/10.1371/journal.pone.0038702

Tzvelev, N.N. 1989. The system of grasses (Poaceae) and their evolution. Bot. Rev. 55:
141--204. https://link.springer.com/article/10.1007%2FBF02858328

Watson, L. & Dallwitz, M.J. 1992. The Grass Genera of the World. CAB
International, Wallingford, UK.

Watson, L. & Dallwitz, M.J. 1992 onwards. The grass genera of the world:
descriptions, illustrations, identification, and information retrieval; including
synonyms, morphology, anatomy, physiology, phytochemistry, cytology,
classification, pathogens, world and local distribution, and references, version:
12nd August 2014. http://delta-intkey.com.

Wiens, J.J. 1998. Does adding characters with missing data increase or decrease

phylogenetic accurancy? Syst. Biol. 47: 625--640.

91



REFERENCES

https://doi.org/10.1080/106351598260635

Wiens, J.J. 2003a. Incomplete taxa, incomplete characters, and phylogenetic accuracy:

is there a missing data problem? J. Vertebr. Paleontol. 23: 297--310.
https://doi.org/10.1671/0272-4634(2003)023[0297:ITICAP]2.0.CO;2

Wiens, J.J. 2003b. Missing data, incomplete taxa, and phylogenetic accuracy. Syst.

Biol. 52: 528--538. https://doi.org/10.1080/10635150390218330

Wiens, J.J. 2005. Can incomplete taxa rescue phylogenetic analyses from long-branch-

Wolk,

Wolk,

Wolk,

Yang,

attraction? Syst. Biol. 54: 731--742. https://doi.org/10.1080/10635150500234583
A. & Roéser, M. 2014. Polyploid evolution, intercontinental biogeographical
relationships and morphology of the recently described African oat genus
Trisetopsis (Poaceae). Taxon 63: 773--788. https://doi.org/10.12705/634.1

A. & Roser, M. 2017. Hybridization and long-distance colonization in oat-like
grasses of South and East Asia, including an amended circumscription of
Helictotrichon and the description of the new genus Tzveleviochloa (Poaceae).
Taxon 66: 20--43. https://doi.org/10.12705/661.2

A., Winterfeld, G. & Rdser, M. 2015. Genome evolution in a Mediterranean
species complex: phylogeny and cytogenetics of Helictotrichon (Poaceae)
allopolyploids based on nuclear DNA sequences (rDNA, topoisomerase gene)
and FISH. Syst. Biodivers. 13: 326--345.
https://doi.org/10.1080/14772000.2015.1023867

Z. & Rannala, B. 2005. Branch-length prior influences Bayesian posterior
probability of phylogeny. Syst. Biol. 54: 455--470.
https://doi.org/10.1080/10635150590945313

Zhang, W. 2000. Phylogeny of the grass family (Poaceae) from rpl16 intron sequence

data. Mol. Phylogenet. Evol. 15: 135--146.
https://doi.org/10.1006/mpev.1999.0729

Zimmer, E.A. & Wen, J. 2012. Using nuclear gene data for plant phylogenetics:

92

progress and prospects. Mol. Phylogenet. Evol. 65: 774--785.
https://doi.org/10.1016/j.ympev.2012.07.015



APPENDIX

Publication list

Publications

Hochbach, A., Linder, H.P. & Rd&ser, M. (2018). Nuclear genes, matK, and the
phylogeny of the Poales. Taxon 67: 521--536.

Hochbach, A., Schneider, J. & Rd&ser, M. (2015). A multi-locus analysis of
phylogenetic relationships within grass subfamily Pooideae (Poaceae) inferred from
sequences of nuclear single copy gene regions compared with plastid DNA. Molecular

Phylogenetics and Evolution 87: 14--27.

Blaner, A., Schneider, J. & Roéser, M. (2014). Phylogenetic relationships in the grass
family (Poaceae) based on the nuclear single copy locus topoisomerase 6 compared
with chloroplast DNA. Systematics and Biodiversity 12: 111--124.

Constributions to conferences

Poster Presentations

Blaner, A., Schneider, J. & Rdser, M. (2014). Molecular phylogenetic structure of grass
subfamily Pooideae based on a nuclear single copy gene. 15" Annual Meeting of the
Society of Biological Systematics (GfBS) and the 22™ International Symposium
“Biodiversity and Evolutionary Biology” of the German Botanical Society (DBG).

Dresden.

Blaner, A., Schneider, J. & Roser, M. (2013). Phylogenetic relationships in the grass
family (Poaceae) based on the nuclear single-copy locus topoisomerase 6.
MONOCOTS V: 5™ International Conference on Comparative Biology of

Monocotelydons. New York.

Blaner, A., Schneider, J. & Roser, M. (2012). Molecular phylogenetic relationships
within grasses (family Poaceae) and the order Poales based on a nuclear single copy
gene. 21*" International Symposium “Biodiversity and Evolutionary Biology” of the
German Botanical Society (DBG). Mainz

93



APPENDIX

Talks

Schneider, J., Hoffmann, M.H., Blaner, A., Winterfeld, G. & Roéser, M. (2014).

Molecular phylogenetics meets morphology: New insights into classification of the
grass subfamily Pooideae (Poaceae). 15™ Annual Meeting of the Society of Biological
Systematics (GfBS) and the 22" International Symposium “Biodiversity and
Evolutionary Biology” of the German Botanical Society (DBG). Dresden.

Schneider, J., Winterfeld, G., Hoffmann, M., Blaner, A. & Rd&ser, M. (2013).
Duthieeae, a new tribe of subfamily Pooideae, and its relationships. MONOCOTS V: 5

International Conference on Comparative Biology of Monocotelydons. New York.

94



APPENDIX

Curriculum vitae

Name

Academic degree

Date and place of birth
Marital status

Nationality

School education

1997 — 2005
1993 - 1997

University education

06/2012 — present

08/2015 — 09/2016

07/2011 — 05/2012

10/2006 — 05/2012

Anne Hochbach, née Blaner

Dipl. biol.

13.03.1987 in Halle (Saale), Germany
married, one child

German

Secondary School, Neuhaus am Rennweg

Primary School, Neuhaus am Rennweg

PhD student, Martin-Luther-University Halle-Wittenberg,
Institute of Biology, Geobotany and Botanical Garden,

supervisor: Prof. Dr. Martin Roser,

Title: “Usability of nuclear single copy genes compared
with plastid DNA on different phylogenetic levels of and

within the order Poales”
Maternity leave

Diploma  thesis,  Martin-Luther-University — Halle-
Wittenberg, Institute of Biology, Geobotany and Botanical
Garden, supervisor: Prof. Dr. Martin Roser,

Title: “Molekular-phylogenetische Untersuchungen an den

Unterfamilien der Graser (Poaceae)”

Study of Biology, Martin-Luther-University Halle-
Wittenberg

Subjects: Geobotany and Molecular Biology, Plant
Physiology, Plant Breeding, Pedology

95



APPENDIX

Scientific work experience

10/2013 — 02/2016

05/2012 — 09/2013

03/2011 - 07/2011

Teaching experience

SS 2014 and 2015

WS 2013/2014

WS 2012/2013

WS 2012/2013 — SS 2015

96

Research assistant, Martin-Luther-University —Halle-
Wittenberg, Institute of Biology, Geobotany and Botanical

Garden

Graduate assistant, Martin-Luther-University Halle-
Wittenberg, Institute of Biology, Geobotany and Botanical
Garden,

Department Systematics and Biodiversity,

supervised by Prof. Dr. Martin Roser

Student  assistant,  Martin-Luther-University  Halle-
Wittenberg, Institute of Biology, Geobotany and Botanical
Garden,

Project: “Latin American Plant Initiative (LAPI)
herbarium, supervised by Prof. Dr. Uwe Braun

Practical course on plant identification (Bachelor students)
Botanical excursions (Bachelor students)
Practical course on molecular phylogenetic methods

(Bachelor students)
Practical course on cytogenetic methods (Master students)

Seminar General Botany for Geosciences (Bachelor

students)

Support of bachelor and diploma thesis



APPENDIX

Erklarung tber den personlichen Anteil an den Publikationen

Publication |

Hochbach, A., Linder, H.P. & Rdser, M. (2018). Nuclear genes,
matK, and the phylogeny of the Poales. Taxon 67: 521--536.
Data collection: Anne Hochbach (95%), Martin Roser (5%)
Analysis: Anne Hochbach (100%)
Writing: Anne Hochbach (70%), Peter Linder (30%),

corrections by Martin Roser

Publication 11

Blaner, A., Schneider, J. & Ro&ser, M. (2014). Phylogenetic
relationships in the grass family (Poaceae) based on the nuclear
single copy locus topoisomerase 6 compared with chloroplast DNA.
Systematics and Biodiversity 12: 111--124.

Data collection: Anne Hochbach (85%),

Julia Schneider (10%), Martin Roser (5%)

Analysis: Anne Hochbach (90%), Julia Schneider (10%)

Writing: Anne Hochbach (90%), Martin Roser (10%)

Publication 111

Hochbach, A., Schneider, J. & Rdser, M. (2015). A multi-locus
analysis of phylogenetic relationships within grass subfamily
Pooideae (Poaceae) inferred from sequences of nuclear single copy
gene regions compared with plastid DNA. Molecular Phylogenetics
and Evolution 87: 14--27.

Data collection: Anne Hochbach (85%),

Julia Schneider (10%), Martin Roser (5%)

Analysis: Anne Hochbach (90%), Julia Schneider (10%)

Writing: Anne Hochbach (90%), Martin Roser (10%)

Haldensleben, den 24.07.2018

Anne Hochbach

97



APPENDIX

Eigenstandigkeitserklarung

Hiermit erkldre ich an Eides statt, dass diese Arbeit bisher weder der
Naturwissenschaftlichen Fakultdt | der Martin-Luther-Universitat Halle-Wittenberg
noch einer anderen wissenschaftlichen Einrichtung zum Zweck der Promotion vorgelegt
wurde. Ich erklére, dass ich mich bisher noch nie um den Doktorgrad beworben habe,
und dass ich meine Arbeit selbststandig und ohne fremde Hilfe verfasst habe. Ich
versichere, dass ich keine anderen als die von mir angegebenen Quellen und Hilfsmittel
benutzt und die den benutzten Werken wortlich oder inhaltlich entnommenen Stellen als

solche kenntlich gemacht habe.

Haldensleben, den 24.07.2018

Anne Hochbach

98





