
ORIGINAL ARTICLE

Molecular phylogeny and taxonomy of Tanacetum L.
(Compositae, Anthemideae) inferred from nrDNA ITS
and cpDNA trnH–psbA sequence variation

Ali Sonboli • Kathrin Stroka • Shahrokh Kazempour

Osaloo • Christoph Oberprieler

Received: 18 May 2011 / Accepted: 24 October 2011 / Published online: 3 December 2011

� Springer-Verlag 2011

Abstract The genus Tanacetum L. consists of around 160

species of the Compositae-Anthemideae. It holds a crucial

position for understanding the phylogeny of the tribe and

its subtribal and generic classification. The present study

focuses on the phylogenetic relationships of the species and

aims at a discussion of the infrageneric classification and

boundaries of the genus. Sequence information from a

nuclear [nuclear ribosomal DNA (nrDNA) internal tran-

scribed spacer (ITS)] and a chloroplast marker [chloroplast

DNA (cpDNA) trnH–psbA] was used to infer the phylog-

eny of Tanacetum and many representatives of closely

related genera. Bayesian inference methods were used for

the phylogenetic reconstructions based on a combined

dataset including both sequence and indel information.

Contrasting the high morphological diversity in the genus,

sequence divergence among Tanacetum representatives

included was found to be very low, leading to unresolved

phylogenetic relationships within the genus. Nevertheless,

the generic separation of Tanacetum from other members

of subtribe Anthemidinae (i.e., Anthemis, Archanthemis,

Cota, Nananthea, and Tripleurospermum) emerges, while

other, presently accepted genera are found nested in

Tanacetum (i.e., Gonospermum, Lugoa, and Xylanthemum).

Finally, the phylogenetic independence of the SW Euro-

pean T. microphyllum from the rest of Tanacetum and the

other genera of Anthemidinae is found to receive strong

support and is also backed by its morphological unique-

ness. The new genus Vogtia Oberpr. et Sonboli is described

to accommodate Tanacetum microphyllum and the closely

related species T. annuum. The sinking of Gonospermum,

Lugoa, and Xylanthemum into a broadly circumscribed

genus Tanacetum is proposed until more stable phyloge-

netic reconstructions based on more and more variable

molecular markers are possible. Concerning the infragen-

eric classification of Tanacetum, the phylogeny does not

support the separation of the white- and red-rayed species

(the former genus Pyrethrum) from the discoid, disciform,

or yellow-rayed ones (i.e., Tanacetum in the strict sense) at

any infrageneric rank. The hypothesis by Tzvelev (1961)

that the yellow-rayed representatives may have evolved

from disciform ancestors receives little support.

Keywords Asteraceae � Anthemideae � cpDNA �
nrDNA � Phylogeny � Tanacetum � Taxonomy � Vogtia

Introduction

The genus Tanacetum L. consists of around 160 species

and is the third largest genus of the Compositae–Ant-

hemideae, following the species-rich genera Artemisia L.

(522 spp.) and Anthemis L. (175 spp.; Oberprieler et al.

2006, 2009). Members of this genus are found in the cir-

cum-Mediterranean region, central and eastern Asia, and

parts of northern America. While most of the species are

perennial herbs, the genus includes also two annuals and a
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number of subshrubs characterized by an indumentum of

basifixed and/or medifixed, sometimes stellate hairs. The

capitula are either solitary or arranged in lax to dense

corymbs, and are either radiate, disciform, or discoid.

Diagnostic morphological characters of Tanacetum further

include an epaleate receptacle, oblong, ribbed, and non-

myxogenic achenes with a coroniform or auriculate pap-

pus, tetrasporic embryo sac development, and a basic

chromosome number of x = 9 (Oberprieler et al. 2006).

Owing to its high morphological diversity and complex

taxonomical history, Tanacetum must be considered the

most problematic genus in this medium-sized tribe with its

111 genera and over 1,700 species (Oberprieler et al.

2009). The problems encountered mainly concern the

phylogenetic position of Tanacetum within the tribe, its

generic delimitation, and its infrageneric classification. The

former is obvious from the placement of the genus in a

provisional subtribe ‘‘Tanacetinae’’ Bremer et Humphries

in a generic monograph of the Anthemideae based on

mostly morphological characters (Bremer and Humphries

1993) because the proposed subtribe was subsequently

found to be highly polyphyletic in molecular-phylogenetic

studies (Oberprieler et al. 2007). While Tanacetum showed

close phylogenetic relationship to other genera of the cir-

cum-Mediterranean Anthemidinae (i.e., Anthemis, Cota,

Nananthea, and Tripleurospermum), the other genera of

Bremer and Humphries& (1993) subtribe that were some-

times based on morphologically deviating Tanacetum

species were found to belong to other generic lineages:

While Heliocauta Humphries showed close relationship to

Anacyclus of the subtribe Matricariinae Willk. (Oberprieler

2004a), Tanacetopsis (Tzvelev) Kovalevsk. and Xylanthe-

mum Tzvelev were considered members of the Asia-cen-

tred Handeliinae Bremer et Humphries, while the genus

Hippolytia Poljakov of the Artemisiinae Less. and others

(i.e., Lepidolopha Winkler and Opisthopappus Shih) were

left unclassified due to lack of sequence information

(Oberprieler et al. 2006, 2009).

Even after exclusion of the above-mentioned taxa as

independent genera, the generic delimitation of the genus

and the connected infrageneric classification of Tanacetum

remain unsatisfactory. Based on either broad or narrow

generic concepts in this highly diverse plant group, many

infrageneric taxa (sections, series) were raised to generic

rank by taxonomists of the last two centuries while other

genera were sunk into synonymy of a broadly defined

genus; for example, the genus Pyrethrum Zinn. that was

used to accommodate the radiate Tanacetum species rela-

tive to the discoid and disciform ones, which were classi-

fied together with the type species of Tanacetum (i.e.,

T. vulgare L.), was either accepted as an independent

genus (De Candolle 1838) or was treated as synonymous

(Schultz Bipontinus 1844; Grierson 1975; Tutin et al.

1976; Podlech 1986; Bremer and Humphries 1993; Ober-

prieler et al. 2009). Tzvelev (1961), in his treatment of the

Anthemideae for Flora USSR, also followed a narrow

generic concept but included in his Tanacetum also species

with yellow-rayed florets (while white- and red-rayed ones

were accommodated in Pyrethrum), reasoning that capitula

with yellow rays may have evolved from disciform ones

with peripheral, female (and yellow) tubular florets. On the

other hand, Podlech (1986) in his account of the tribe for

Flora Iranica worked with a very broad generic concept

and proposed an infrageneric classification with 18 sec-

tions, many of which were hitherto found to merit a generic

treatment in other subtribes (e.g., Ajania, Hippolytia,

Richteria, or Tanacetopsis).

Molecular-phylogenetic studies have frequently been

used to assess the generic delimitation and infrageneric

classifications in many groups of the Anthemideae

(Kornkven et al. 1998, 1999; Torrell et al. 1999; Oberpri-

eler 2001, 2004a, b; Watson et al. 2002; Vallès et al. 2003;

Guo et al. 2004; Sanz et al. 2008; Himmelreich et al. 2008;

Masuda et al. 2009; Zhao et al. 2010; Sonboli et al. 2010).

Most of these studies were based on sequence analysis of

the internal transcribed spacer region of the ribosomal

repeat (nrDNA ITS) that was also found to be highly

diagnostic for the distinction between Tanacetum in its

strict sense [i.e., Tanacetum and Pyrethrum in the sense of

Tzvelev (1961)] and the segregate genera now treated as

members of other subtribes (Oberprieler et al. 2007):

While the former share an apomorphic 15–19 bp deletion

in ITS2 with all other members of subtribe Anthemidinae

(along with all other members of an Eurasian/Mediterra-

nean clade accommodated in the subtribes Glebionidinae,

Leucantheminae, Leucanthemopsidinae, Matricariinae, and

Santolininae), members of the Artemisiinae and Handelii-

nae are plesiomorphic in this respect. Furthermore, a

detailed molecular-phylogenetic study of the genus

Anthemis s.l. encompassing 156 species of this large genus

and its satellite genus Cota based on nuclear and chloro-

plast markers (Lo Presti et al. 2010) has demonstrated that

better understanding of the relationships among taxa of the

subtribe Anthemidinae and satisfactory evaluation of gen-

eric delimitations in this subtribe are only possible through

inclusion of a more comprehensive sampling of Tanacetum

species with the above-mentioned deletion in ITS2,

because some deviating species of Anthemis [in the

meanwhile described as an independent genus, Archanthe-

mis Lo Presti & Oberpr. (Lo Presti et al. 2010)] were found to

hold a very basal position in the whole subtribe and may be

nested within Tanacetum.

The aim of the present work is therefore to include as

many species of Tanacetum s. str. (i.e., species character-

ized by the diagnostic deletion in ITS2) in a joint phylo-

genetic study together with representatives of the
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Anthemidinae to (1) propose a phylogenetically supported

understanding of the generic delimitations and circum-

scriptions in this subtribe, and (2) evaluate the infrageneric

classification of Tanacetum s. str. proposed on morpho-

logical grounds, concerning especially the status of

segregate genera such as Pyrethrum, Spathipappus,

Hemipappus, or Xylanthemum. To address these questions,

besides representatives of all other genera of the subtribe, a

total of 80 Tanacetum species were included in the present

analysis, accounting for more than half of the described

species. In addition to the nrDNA ITS sequences, we fur-

ther included sequence information from a chloroplast

intergenic spacer region (trnH–psbA) to provide a more

comprehensive phylogenetic picture and a more stable

classification that more usefully reflects the diversity that is

present in this plant group.

Materials and methods

Plant material

Plant material for molecular studies were obtained either

from silica-gel dried leaves of collected specimens in the

wild or herbarium specimens from B, G, IRAN, M, MPH,

MSH, S, TARI, and W herbaria [herbarium abbreviations

according to Thiers (2008)]. To perform phylogenetic

reconstruction of the genus Tanacetum within the tribe

Anthemideae, three data sets (nrDNA ITS, cpDNA trnH–

psbA and combined ITS ? trnH–psbA) were designed.

The dataset of nrDNA ITS comprised 153 taxa, repre-

senting 65 species of Tanacetum (75 accessions), of which

67 sequences were newly generated. In the case of trnH–

psbA from 144 taxa included in the dataset, 120 sequences

were newly generated. Sequences or vouchers information

are given in the ‘‘Appendix’’. Other sequences were

obtained from our previous publications or from GenBank.

Five outgroup taxa (i.e., Phymaspermum leptophyllum,

Osmitopsis asteriscoides, Ursinia anthemoides, Cymbo-

pappus adenosolen, and Oncosiphon grandiflorum) were

selected from basal subtribes of the Anthemideae accord-

ing to phylogenetic results in Oberprieler et al. (2006).

DNA extraction, amplification, and sequencing

Total genomic DNA was extracted following either the

modified protocol of the cetyltrimethylammonium bromide

(CTAB) method (Doyle and Doyle 1987) or the manu-

facturer’s protocols of the DNeasy plant mini kit (Qiagen

Inc., Valencia, California, USA). Polymerase chain reac-

tion (PCR) amplifications of the nrDNA ITS region were

performed using the following primers: ITS4 and ITS5

(White et al. 1990), ITS5A (Downie and Katz-Downie

1996), and ITS AB101 and ITS AB102 (Douzery et al.

1999). PCR amplifications were conducted according to

one of the two following protocols described in Sonboli

et al. (2010) or Oberprieler et al. (2007). Amplification of

cpDNA trnH–psbA was performed using the following

primers: trnHGUG and psbA (Shaw et al. 2005). Amplifi-

cation reactions were performed according to Lo Presti and

Oberprieler (2009). Briefly, the PCR products were purified

with Agencourt AMPure magnetic beads (Agencourt Bio-

science Corporation, Beverly, MA, USA). Cycle-sequenc-

ing reactions were performed using the DTCS sequencing

kit (Beckman Coulter, Fullerton, CA, USA), following the

manufacturer’s manual. The fragments were separated on a

CEQ8000 sequencer (Beckman Coulter). The new

sequences of both nrDNA ITS and cpDNA trnH–psbA

were submitted to the European Molecular Biology Labo-

ratory (EMBL) sequence data bank.

Alignment and phylogenetic analyses

The DNA sequences obtained were carefully checked for

the presence/absence of polymorphic sites using Sequen-

cher version 4.8. International Union of Pure and Applied

Chemistry (IUPAC) ambiguity codes to indicate single-

nucleotide polymorphisms were used. Sequences were

aligned using Clustal W (Thompson et al. 1994) as

implemented in BioEdit version 7.05.2 (Hall 1999), and

the alignment was optimized manually. Gaps were coded

as binary characters using the simple gap coding method of

Simmons and Ochoterena (2000) implemented in the

software programme GapCoder (Young and Healy 2003).

This resulted in a combined dataset that was divided into

four partitions (i.e., nrDNA ITS sequence data, cpDNA

trnH–psbA sequence data, coded gaps of nrDNA ITS, and

coded gaps of cpDNA trnH–psbA). The dataset is available

upon request from the corresponding authors.

Bayesian inference (BI) phylogenetic analysis of the

combined nrDNA/cpDNA dataset was performed using

MrBayes version 3.1.2 (Ronquist and Huelsenbeck 2003),

implementing a general time-reversible (GTR) model with

an invariate gamma distribution (‘‘Lset NSt = 6

rates = invgamma’’) and without fixing rates or nucleotide

frequencies, as these parameters are estimated from the

data during the analysis. Substitution models and rates of

substitution were allowed to vary among the parameters

(‘‘unlink’’ command and ‘‘ratepr = variable’’), and a bin-

ary model (‘‘Lset coding = variable’’) was applied to the

coded gaps (Ronquist et al. 2005). The analyses were

conducted using four heated chains and one cold chain,

with chain heating parameter of 0.02. Two independent

runs were conducted in parallel using the computer cluster

at the computational core facility at the University of

Regensburg. Longer runs and greater number of cold
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chains than suggested by default settings were required to

achieve convergence (Bergh and Linder 2009), which was

checked by examining the average standard deviation of

split frequencies and by comparing likelihood values and

parameter estimates from different runs in Tracer ver-

sion 1.3 (Rambaut and Drummond 2003). This led to final

exhaustive runs of 97,430,000 generations with sampling

frequency at every 5,000th generation, finally reaching an

average standard deviation of split frequencies of 0.004.

From the resulting sample of 19,486 trees, 4,486 trees

(c. 20%) were discarded as burn-in, leaving 15,000 trees

for the final compilation of the posterior-probability (PP)

distribution using 50%-majority-rule consensus.

Results

A total of 518 aligned base pairs was obtained from the ITS

(ITS1 ? ITS2 only) region, of which 190 and 102 were

identified as constant and variable parsimony uninforma-

tive, respectively. Two hundred twenty-six characters were

potentially parsimony informative. Parsimony analysis

produced 9,997 most parsimonious trees of 1,129 steps in

length, consistency index (CI) of 0.428, and retention index

(RI) of 0.716. The total aligned length of the trnH–psbA

sequence was 544 base pair (bp) positions, of which 76

were potentially parsimony informative (PI). Maximum-

parsimony (MP) analyses resulted in 195 equally most

parsimonious trees with tree length of 120, consistency

index (CI) of 0.65, and retention index (RI) of 0.75. The

alignment and partition-wise gap coding procedures

resulted in a combined dataset of 1,228 characters that

were divided into four partitions (1-518: nrDNA ITS;

519–1,062: cpDNA trnH–psbA; 1,063–1,142: coded gaps

of nrDNA ITS; 1,143–1,228: coded gaps of cpDNA trnH–

psbA). Bayesian analysis of this dataset led to the phylo-

genetic reconstruction presented in Fig. 1, where also

support values (posterior probabilities above 0.95) for

monophyletic groups are given. The trees obtained from

parsimony analyses are not shown. For the discussion of

generic delimitations and of the infrageneric taxonomy of

Tanacetum, a summary tree with an overlay of character

states concerning the floral arrangement in capitula of

Tanacetum representatives is given in Fig. 2.

It is obvious that the monophyly of Tanacetum in the

present circumscription was not supported by our analysis:

While one species (i.e., T. tatsienense) was found to be

nested within the group of representatives of subtribe

Artemisiinae with high statistical support (PP = 1.0),

T. microphyllum was also excluded from the core of all

other Tanacetum accessions with equally high support

(PP = 1.0). All other Tanacetum species included in our

present analysis were found to form a rather unresolved,

presumably paraphyletic group, in which several well-

supported monophyletic groups are nested, these groups

being (1) the representatives of subtribe Matricariinae

(PP = 0.97), (2) a well-supported clade (PP = 0.97) con-

sisting of the genera Anthemis, Cota, Nananthea, and

Tripleurospermum, and (3) the recently described genus

Archanthemis (Lo Presti et al. 2010) that was based on four

phylogenetically and morphologically deviating former

members of Anthemis (PP = 1.0). Within the core group of

Tanacetum only some species groups received high statis-

tical support, while the overall phylogenetic relationships

remained largely unresolved. However, it appeared quite

clear that the segregate genera Gonospermum, Lugoa, and

Xylanthemum, which were treated as independent genera in

the most recent generic treatment of the tribe (Oberprieler

et al. 2007, 2009), are nested in this Tanacetum core group.

Discussion

Subtribal position and generic delimitation

of Tanacetum

Our present phylogenetic reconstructions add further

evidence to the subtribal position of Tanacetum in the

Anthemidinae as proposed by Oberprieler et al. (2006, 2007),

which consists of Anthemis, Cota, Nananthea, Tanacetum

(including Gonospermum and Lugoa), and Tripleurosper-

mum. However, the delimitation of this subtribe against the

Matricariinae sensu Oberprieler et al. (2006, 2007) still

remains unresolved. As argued by Oberprieler et al.

(2006), the most distinctive feature for this demarcation is

the realization of an apomorphic tetrasporic embryo sac

development in members of the Anthemidinae, while the

Matricariinae are characterized by a monosporic embryo

sac formation, which is the plesiomorphic condition and

widespread throughout the whole tribe (Oberprieler et al.

2009). Since no clear sister-group relationship between

these two subtribes emerges in our present analysis, with

Matricariinae being nested within the many unresolved

Tanacetum accessions, we still tend to keep the two sub-

tribes separate according to this embryological feature until

better resolution of the phylogenetic relationships is

achieved by the inclusion of more molecular markers.

Despite the fact that many members of the subtribes

Anthemideae have been studied embryologically (Martin-

oli 1940; Harling 1950, 1951, 1960; Ahlstrand 1978), we

lack information on this important character for the two

species T. microphyllum and T. tatsienense, which are

found in phylogenetically deviating positions in our present

reconstruction. In the case of T. tatsienense, a perennial

herb from alpine habitats in China and Tibet that consists

of two varieties with or without radiate capitula, its
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Fig. 1 Bayesian phylogram based on the combined ITS and trnH–psbA data. Numbers above branches represent posterior-probability values

(PP). Subtribal classification is mapped in different colors as proposed by Oberprieler et al. (2007)
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Fig. 2 Evolution of capitulum morphology in genus Tanacetum mapped onto the Bayesian tree resulted from combined ITS and trnH–psbA data
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position among members of subtribe Artemisiinae is cor-

roborated by the lack of a characteristic 19-bp-long deletion

in ITS2 that is present in all other accessions of Tanacetum

in the dataset and that is characteristic and apomorphic

for all other members of a Eurasian–Mediterranean clade

of Anthemideae including subtribes Anthemidinae and

Matricariinae (Oberprieler et al. 2007). This argues for the

exclusion of this species from Tanacetum, its generic

affiliation in subtribe Artemisiinae, however, remaining to

be solved after a more comprehensive study of this subtribe.

In the case of Tanacetum microphyllum (and its close

relative T. annuum, which was not included in the present

study due to PCR problems), the well-supported, isolated

position as sister to the clade containing all other

Tanacetum accessions along with all members of Anthe-

midinae and Matricariinae adds to several unique mor-

phological features that separate those two W

Mediterranean species from the other members of the

Tanacetum core: Both species are annual herbs (versus

short- to long-lived perennials in Tanacetum), both have

triangular and pointed apical anther appendages (versus

more rounded and elliptical ones in Tanacetum), and both

have obovoid achenes with a flimsy corona formed by the

apically protruding ribs (versus obconical or cylindrical

ones with a well-developed entire or dentate corona or an

adaxial auricle as observed in Tanacetum). Finally, the

testa epidemis of T. annuum and T. microphyllum was

found to consist of long cells with thick and undulating cell

walls [epidermal or Barnadesia type according to Grau

(1980)] instead of shorter cells with thickened but straight

cell walls (sclerenchymatic type). As a consequence, we

think that T. microphyllum (and T. annuum) are phyloge-

netically independent and morphologically deviating

enough to merit their treatment as an independent genus

and propose (due to the lack of a nomenclaturally

unequivocal generic name) the erecting of a new genus

(Vogtia Oberpr. & Sonboli, see below) to accommodate

these two species.

After removal of the two deviating branches leading to

Tanacetum tatsienense and T. microphyllum, the Tanace-

tum representatives of the present study constitute a phy-

logenetically closely knit, but morphologically highly

diverse group of species that is quite well separated from

the other genera of the clade of subtribes Anthemidinae and

Matricariinae. As mentioned above, the realization of a

tetrasporic embryo sac development separates Tanacetum

well from all members of the well-supported clade of the

Matricariinae. From the remaining genera (all of them

members of subtribe Anthemidinae), Tanacetum is sepa-

rated due to the lack of receptacular scales that are present

in Anthemis, Archanthemis, and Cota (but also in

T. paleaceum, Gonospermum, and Lugoa, see discussion

below), due to the lack of resin ducts or sacs on the achenes

(present in Tripleurospermum), or due to the lack of

myxogenic cells (present in Anthemis, Archanthemis, Cota,

Nananthea, but also in Xylanthemum). Therefore, it

appears plausible that Tanacetum forms a paraphyletic

remnant genus that gave rise to many (if not all) of the

mentioned segregate genera. Nevertheless, as long as no

better-resolved phylogenetic hypothesis is presented, we

consider the morphological differences towards Anthemis,

Archanthemis, Cota, Nananthea, and Tripleurospermum as

sufficient to merit their acknowledgement as independent

genera and to exclude the possibility to sink them into a

very broad and highly polymorphic genus Tanacetum. On

the other hand, the splitting of Tanacetum into very small

and hardly definable microgenera appears also not justified

by the present, unresolved phylogenetic hypothesis, despite

the availability of a bunch of generic names that were

proposed during the last centuries for small segregates of

the genus.

The genera Gonospermum and Lugoa from the Canary

Islands constitute a well-supported clade with an equally

well-supported sister-group relationship to the Canary

endemic Tanacetum ferulaceum in the present study. Based

on a more comprehensive sampling of nrDNA ITS

sequence variation in Tanacetum species from the Canary

Islands, Francisco-Ortega et al. (2001) could demonstrate

that Lugoa (with radiate capitula) is nested within Gono-

spermum (with discoid capitula) and that in turn both of

them are sister to a monophyletic group of the three

Tanacetum species (with radiate capitula) endemic to that

archipelago. In morphological respects, the main difference

between Gonospermum/Lugoa on the one hand and

Tanacetum on the other hand seems to be the presence of

receptacular scales in the former and the lack of these

paleas in the latter. In a trial to establish monophyletic

genera in this phylogenetically complex plant group,

Febles (2008) proposed the inclusion of all representatives

of Tanacetum endemic to the Canary Island into a broader

genus Gonospermum. Despite the fact that this may lead to

a consequent (and presumably correct) transfer of the

phylogenetic reality into a classification, we presently

hesitate to accept this proposal, given the poor phyloge-

netic signal in the rest of the genus and the unforeseeable

consequences of an excessive generic splitting. For the

time being, it appears preferable rather to lump Gono-

spermum and Lugoa into a broadly defined Tanacetum than

to start to dismember the latter into small and indefinable

segregate genera.

A second problematic case is the genus Xylanthemum,

which presently comprises seven species from Iran,

Afghanistan, and central Asia and which was considered an

independent genus by Tzvelev (1961) due to the shrubby

habit, the possession of homogamous (discoid) capitula

with flat receptacles, and the occurrence of achenes with an
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adaxial auriculate corona realized in these species. After

the exclusion of the deviating, radiate X. tianschanicum

from the genus and its transfer to Richteria in the Han-

deliinae based on molecular-phylogenetic results and the

presence of myxogenic cells on the achenes (Sonboli and

Oberprieler 2010), the type species of the genus, X. fishe-

rae, along with three other representatives of the genus

included in our present study form a well-supported clade

together with T. paleaceum and T. griffithii in the tree of

Fig. 1. Both of these Tanacetum species show some char-

acteristics that were considered so untypical for the genus

that their separation at sectional or generic level, respec-

tively, had been proposed by some authors: For T. palea-

ceum the unispecific section T. sect. Paleacea Podl. was

erected by Podlech (1986), emphasizing the morphologi-

cally deviating status of the species due to the occurrence

of receptacular scales. In the case of T. griffithii, Tzvelev

(1961) based his newly erected genus Spathipappus Tzvel.

on this species due to its achenes with an auriculate corona,

its woody rootstocks, and its sterile ray florets. Podlech

(1986), in his treatment of Tanacetum for Flora Iranica,

accepted Spathipappus as an independent genus and

included two other species [i.e., S. porphyrostephanus

(Rech.f.) Tzvel. and S. chitralensis Podl.] into it. In both

cases, our present molecular phylogenetic study does not

support their acknowledgement as independent genera

(which would create a paraphyletic genus Xylanthemum)

nor is there morphological evidence that the two species

should be included into a broader concept of Xylanthemum

(which would then become morphologically very hetero-

geneous). As we have seen in the case of Gonospermum/

Lugoa (see discussion above), the formation of receptacu-

lar scales is not uncommon in some lineages of the genus.

Crossing experiments carried out by Mitsuoka and Ehren-

dorfer (1972) showed that the presence/absence of recep-

tacular scales is under oligogenic control in the tribe

Anthemideae and, therefore, may be of minor taxonomic

significance. As a consequence and in parallel to the above-

discussed case of Gonospermum/Lugoa, we consider

inclusion of Xylanthemum and Spathipappus into a broad

concept of Tanacetum the preferable solution compared

with retention of these segregate genera and creation of a

highly paraphyletic genus Tanacetum.

Infrageneric taxonomy of Tanacetum

The genus Tanacetum in its above-proposed circumscrip-

tion (i.e., exclusion of all Tanacetum species without the

19-bp deletion in ITS2 such as T. tatsienense and inclusion

of Gonospermum, Lugoa, and Xylanthemum) appears to be

a closely knit group of species, for which the lack of

phylogenetic resolution in our present study precludes

comprehensive discussion of its infrageneric taxonomy.

Nevertheless, it appears not too premature to us to state that

the subdivision into the two entities Tanacetum and Pyre-

thrum, with the latter comprising species with white- or

red-rayed capitula and the former accommodating all

species with discoid, disciform, or yellow-rayed capitula as

proposed at generic level by Tzvelev (1961), is not backed

by our results. With some well-supported sister-group

relationships between discoid and radiate representatives

(e.g., between the above discussed Xylanthemum species

and T. griffithii) observed in our phylogenetic reconstruc-

tion (Fig. 2) and the variation observed in this character

even in single species (e.g., in T. balsamita with the typical

subspecies having discoid capitula and the subspecies

balsamitoides having radiate ones), acknowledgement of

these two entities at subgeneric rank appears to lack a

strong morphological foundation.

Until a better-resolved phylogeny of Tanacetum based

on more and more variable molecular markers is available,

it appears justified to transfer the sectional classification as

proposed by Tzvelev (1961) for his independent genus

Pyrethrum to a broadly circumscribed genus Tanacetum

(incl. Pyrethrum) to account for the morphological diversity

observed. As a consequence, the sections Pyrethrum sect.

Pyrethrum (based on the type species P. corymbosum), sect.

Balsamita (type: P. balsamita), sect. Parthenium (type:

P. parthenium), sect. Leptanthemum (type: P. leptophyl-

lum), sect. Cinerariifolia (type: P. cinerariifolium), sect.

Pyrethrellum (type: P. coccineum), and sect. Xylopyre-

thrum (type: P. kotschyi) should be transferred to Tanace-

tum at sectional rank [as partly done by Podlech (1986)].

Due to the lack of molecular-phylogenetic information for

the type species of P. sect. Balsamitopsis (type: P. kelleri),

sect. Brachyglossa (type: P. hissaricum), sect. Gymnocline

(type: P. macrophyllum), and sect. Richteriopsis (type:

P. sericeum), we presently refrain from a transfer to

Tanacetum in these cases. Finally, the sections P. sect.

Trichanthemopsis (type: P. tianschanicum) and sect. Rich-

teria (type: P. pyrethroides) were found to be best accom-

modated in the independent genus Richteria (subtribe

Handeliinae) due to the lack of the above-mentioned 19-bp

deletion in ITS2 (Sonboli and Oberprieler 2010).

The discoid, disciform, and yellow-rayed species of the

Tanacetum/Pyrethrum assemblage were united in the genus

Tanacetum and separated from the white- and red-rayed

species in Pyrethrum by Tzvelev (1961), who hypothesized

that capitula with yellow rays may have evolved from

disciform ones with peripheral, female (and yellow) tubular

florets. According to our present phylogenetic reconstruc-

tions, this hypothesis may be true for T. uniflorum, which is

found nested within a well-supported group of mostly

disciform representatives of the genus (Fig. 2). However,

the position of white-rayed species in the same clade (i.e.,

T. aucherianum, T. hololeucum, and T. mucroniferum), the
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unresolved position of other yellow-rayed representatives

at the base of this clade (i.e., T. densum and T. vahlii), and

the overall lack of well-supported branches in this clade

prohibit further discussion concerning the evolution of this

character. At least as far as the sectional classification of

Tanacetum [as proposed by Tzvelev (1961)] is concerned,

however, it appears unquestionable that representatives of

T. sect. Tanacetum (i.e., T. vulgare, T. pseudoachillea, and

T. budjnurdense) and section Omalotes (i.e., T. bipinna-

tum) are deeply nested within the clades formed by species

of T. section Xanthoglossa, making the latter in its present

circumscription at least paraphyletic and section Tanace-

tum even polyphyletic. The separation of these three sec-

tions, therefore, appears to be unjustified in the light of the

present phylogenetic reconstructions.

For two other sections described under Tanacetum [in

the narrow sense of Tzvelev (1961)], however, the phylo-

genetic relationships found in our analysis may argue for

their acknowledgement as independent and morphologi-

cally circumscribable infrageneric entities: Three disciform

representatives of T. sect. Asterotricha (i.e., T. bamiani-

cum, T. turcomanicum, and the type species T. walteri),

which is characterized by possession of stellate hairs

instead of basifixed or medifixed ones in the other species,

form a well-supported clade in the tree of Fig. 1, the only

exception being T. khorassanicum that is found among

species of T. section Xanthoglossa and that should be

removed from this section. The second species group that

may merit sectional rank is T. section Hemipappus, rep-

resented here by T. argenteum and T. haradjanii, the type

of the section (and of the synonymous genus Hemipappus

C.Koch) being T. canum (=T. argenteum subsp. canum).

Being characterized by discoid capitula, sparsely hairy

receptacles, and achenes with an adaxial auricle adds

morphological evidence to this interpretation.

Conclusions and nomenclatural consequences

Phylogenetic reconstructions based on a nuclear (nrDNA

ITS) and a chloroplast marker (cpDNA trnH–psbA) have

demonstrated that members of Tanacetum s.l. form a clo-

sely knit group of species whose generic relationships and

infrageneric classification are highly problematic. It

appears obvious that the genus is closely related to the

other genera of the subtribe Anthemidinae, i.e., Anthemis,

Archanthemis, Cota, Nananthea, and Tripleurospermum,

and that some of these genera may even have sister-group

relationships to some of its species or species groups.

Unresolved phylogenetic relationships and low sequence

divergence within this genus argue for inclusion of lineages

formerly considered as independent genera (i.e., Balsamita,

Pyrethrum, Gonospermum, Hemipappus, Lugoa, Spathi-

pappus, and Xylanthemum) into a broadly defined generic

concept of Tanacetum. On the other hand, however, it is

equally clear that Tanacetum species characterized by the

lack of a characteristic 19-bp deletion in ITS2 (such as

T. tatsienense in the present analysis or T. paradoxum in

Sonboli et al. 2011) should be removed from the genus

owing to their close relationships to subtribes Handeliinae

and Artemisiinae. Finally, the phylogenetically indepen-

dent position of T. microphyllum (and the closely related

T. annuum) received good support from both sequence data

and morphological evidence, giving rise to the acknowl-

edgement as an independent genus that is described below.

Any further nomenclatural consequences concerning the

generic dismembering of Tanacetum and/or its infrageneric

taxonomy must await more stable phylogenetic recon-

structions based on more and more variable molecular

markers.

Vogtia Oberpr. & Sonboli, gen. nov.

Syn.: Tanacetum subgen. Psanacetum Neck. ex Less.,

Syn. Gen. Comp.: 265. 1832; Tanacetum sect. Psanacetum

DC., Prodr. 6: 130. 1838, nom. inval.

Type: Vogtia microphylla (DC.) Oberpr. & Sonboli,

based on Tanacetum microphyllum DC.

Diagnosis: Differt ab Tanacetum L. habitu annuo,

appendice apicali antherae triangulati (non obtusi),

acheniis obovatis (non oblongis), cum 8–10 costis tenuis

(non cum 5–12 costis prominentis), pappo minuto (non

coroniforme vel auriculiforme), cellulis epidermidis testae

cum parietibus anticlinalibus undulatis (non strictis).

Description: Annual herbs. Indumentum of long and

slender, appressed, medifixed hairs admixed with sessile

glands. Leaves alternate and in axillary fascicles, simple

and linear-lanceolate to 1–2-pinnatisect. Capitula in dense

corymbs with up to 10–40 capitula, shortly pedunculate to

sessile, discoid. Involucre hemispherical. Phyllaries in 2–3

rows, with yellowish or whitish, scarious, apically rounded

and reflexed or subacute margins. Receptacle epaleate.

Disc florets hermaphrodite, fertile; corolla 4–5-lobed, yel-

low, basally not clasping top of achene. Anthers with

pointed, triangular apical appendages; pollen of the

‘Anthemis type&with distinct spines. Achenes obovoid, with

8–10 very thin and narrow ribs; apex with a very short

corona of protruding ribs forming teeth, c. 0.1 mm; peri-

carp without myxogenic cells and without resin sacs or

ducts. Testa epidermis of an epidermal type (i.e., with

undulating anticlinal walls). Basic chromosome number

x = 9.

Distribution: Europe (France, Spain, Portugal), North

Africa (Morocco).

Flowering and fruiting: September to December

(February).

Eponymy: This new genus is named in honor of Dr.

Robert M. Vogt (Botanic Garden and Botanical Museum
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Berlin–Dahlem) and his contributions to the systematics of

Compositae–Anthemideae in general and of Anthemideae

of the Iberian Peninsula in particular.

Nomenclatural note

The genus Psanacetum has been invalidly (McNeill et al.

2006, Art. 32.9) described by Necker (1790: 89) to

accommodate a discoid Tanacetum species with simple

(i.e., undivided) leaves, presumably T. balsamita L. (‘fau-

sse Tanesie’). With reference to this name, Lessing (1832:

265) validly created the third of his four subgenera of

Tanacetum, T. subg. Psanacetum Neck. ex Less., which

consisted of the single species T. balsamita. Subsequently,

De Candolle (1838: 130) described T. sect. Psanacetum as

the second of sections under Tanacetum referring to both

Necker’s (1790) genus and Lessing’s (1832) subgenus.

However, since he explicitly excluded T. balsamita from

this section and transferred this species to the genus

Pyrethrum subg. Balsamita (De Candolle 1838: 63), he

consequently newly described T. section Psanacetum DC.

(McNeill et al. 2006, Art. 48.1), thus creating an illegiti-

mate later homonym of T. subg. Psanacetum Neck. ex

Less. (McNeill et al. 2006, Art. 53.4). Spach (1841) raised

T. subg. Psanacetum to generic rank [i.e., Psanacetum

(Neck. ex Less.) Spach] by referring to the invalid

description of Necker (1790). Hence, this new genus has to

be typified with T. balsamita because this was the only

species included in this subgenus by Lessing (1832). As a

consequence, the generic segregation of Tanacetum mi-

crophyllum and its closely related sister species T. annuua

necessitates the erection of the here-described, new genus

Vogtia and the following new combinations:

Vogtia annua (L.) Oberpr. & Sonboli, comb. nov. :
Tanacetum annuum L. Sp. Pl. 2: 844. 1753. : Psanacetum

annuum (L.) Fourr., Ann. Soc. Linn. Lyon sér. 2, 17: 89.

1869. : Chrysanthemum annuum (L.) Fiori in Fiori &

Paoletti, Fl. Italia 3: 244. 1903

Vogtia microphylla (DC.) Oberpr. & Sonboli, comb.

nov. : Tanacetum microphyllum DC., Prodr. 6: 131. 1838.
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Appendix

List of taxa and sources of plant material used for the

current molecular study [taxa, source and voucher data,

GenBank accession numbers (ITS, and trnH–psbA)]. The

two accession numbers for nrDNA ITS of some taxa rep-

resent ITS1 and ITS2 regions, respectively.

Ajania tibetica (Hook. f. et Thomson) Tzvel., Pakistan,

Polunin 6306 (B), AB683256/AB683257, AB683343.

Achillea biebersteinii C. Afan., Oberprieler (2004b),

AJ864573/AJ864593, AB683344. A. filipendulina Lam.,

Oberprieler (2004b), AJ864574/AJ864594, AB683345.

A. vermicularis Trin., Oberprieler (2004b), AJ864576/

AJ864596, AB683346. Anacyclus clavatus (Desf.) Pers.,

Oberprieler (2004a), AJ748762/AJ748763, AB683347.

A. homogamos (Maire) Humphries, Oberprieler (2004a),

AJ748764/AJ748765, AB683348. Anthemis ammophila

Boiss. et Helder., Lo Presti and Oberprieler (2009),

FM957716, FR689847. A. arvensis L., Oberprieler (2001),

AJ312777/AJ312806, FR689795. A. boveana Gay, Lo

Presti and Oberprieler (2009), FM957665, FR689799.

A. brachystephana Bornm. et Gauba, Lo Presti and Ober-

prieler (2009), FM957666, FR689800. A. bushehrica

Iranshahr, Lo Presti and Oberprieler (2009), FM957721,

FR689851. A. cretica L., Lo Presti and Oberprieler (2009),

FM957778, FR689805. A. davisii Yavin, Lo Presti and

Oberprieler (2009), FM957725, FR689855. A. filicaulis

(Boiss. et Helder.) Greuter, Lo Presti and Oberprieler

(2009), FM957728, FR689858. A. gharbensis Oberpr.,

Oberprieler (2001), AJ312778/AJ312807, FR689784.

A. hebronica Boiss. et Kotschy, Lo Presti and Oberprieler

(2009), FM957674, FR689806. A. hyalina DC., Oberpri-

eler (2001), AJ312779/AJ312808, FR689807. A. kotsch-

yana Boiss., Lo Presti and Oberprieler (2009), FM957676,

FR689808. A. maritima L., Oberprieler (2001), AJ312788/

AJ312817, FR689772. A. pedunculata Desf., Oberprieler

(2001), AJ312791/AJ312820, FR689774. A. rascheyana

Boiss., Lo Presti and Oberprieler (2009), FM957702,

FR689832. A. rigida Boiss. et Heldr., Oberprieler (2001),

AJ312782/AJ312811, FR689777. A. schizostephana Boiss.

et Hausskn., Lo Presti and Oberprieler (2009), FM957753,

FR689879. A. secundiramea Biv., Lo Presti and Oberpri-

eler (2009), FM957688, FR689776. A. tricolor Boiss., Lo

Presti and Oberprieler (2009), FM957760, FR689886.

A. tricornis Eig, Lo Presti and Oberprieler (2009),

FM957761, FR689887. A. zaianica Oberpr., Oberprieler

(2001), AJ312784/AJ312813, FR689783. A. zoharyana

Eig., Lo Presti and Oberprieler (2009), FM957714,

FR689844. Archanthemis calcarea (Soson.) Lo Presti et

Oberpr., Lo Presti and Oberprieler (2009), Lo Presti et al.

(2010), FM957769, FR689801. A. fruticulosa (M. Bieb.)

Lo Presti et Oberpr., Lo Presti and Oberprieler (2009),

Lo Presti et al. (2010), FM957772, FR689897.

440 A. Sonboli et al.

123



A. marschaliana (Willd.) Lo Presti et Oberpr., Lo Presti

and Oberprieler (2009), Lo Presti et al. (2010), FM957698,

FR689828. A. trotzkiana (Claus ex Bunge) Lo Presti et

Oberpr., Lo Presti and Oberprieler (2009), Lo Presti et al.

(2010), FM957684, FR689815. Artemisia vulgaris L.,

Oberprieler and Vogt (2000), AJ3296389/AJ3296424,

AB683349. Artemisiella stracheyi (Clarke) Ghafoor,

Oberprieler et al. (2007), AM774421, AB683350. Cota

austriaca (Jacq.) Sch. Bip., Lo Presti and Oberprieler

(2009), FM957663, FR689797. C. dipsacea (Bornm.)

Oberpr. et Greuter, Lo Presti and Oberprieler (2009),

FM957727, FR689857. C. dumetorum (Sosn.) J. Holub, Lo

Presti and Oberprieler (2009), FM957672, AB683351.

C. macroglossa (Somm. et Lev.) Lo Presti et Oberpr., Lo

Presti and Oberprieler (2009), FM957787, FR689909.

C. mazandaranica (Iranshahr) Lo Presti et Oberpr., Lo

Presti and Oberprieler (2009), FM957741, FR689868.

C. melanoloma (Trautv.) Holub, Lo Presti and Oberprieler

(2009), FM957743, FR689870. C. oxylepis Boiss., Lo

Presti and Oberprieler (2009), FM957782, FR689905.

C. tinctoria J. Gay, Lo Presti and Oberprieler (2009),

FM957758, FR689884. Cymbopappus adenosolen (Harv.)

B. Nord., Himmelreich et al. (2008), AM774449,

AB683352. Gonospermum fruticosum (Smith ex Link)

Less., Sonboli and Oberprieler (2010), FN827335/

FN827336, AB683353. Handelia trichophylla (Schrenk)

Heimerl, Oberprieler et al. (2007), AM774422, AB683354.

Heliocauta atlantica (Litard. et Maire) Humphries, Ober-

prieler (2004a), AJ748782/AJ748783, AB683355. Hip-

polytia dolichophylla (Kitam.) Bremer et Humphries,

Oberprieler (2004a), AJ748784/AJ748785, AB683356.

Leucocyclus formosus Boiss., Oberprieler (2004b),

AJ864578/AJ864598, AB683357. Lugoa revoluta (C.

Smith ex Link) DC., Sonboli and Oberprieler (2010),

FN827337/FN827338, AB683358. Matricaria matricario-

ides Porter ex Britton, Oberprieler and Vogt (2000),

AJ3296412/AJ3296447, AB683359. Microcephala lamel-

lata (Bunge) Pobed., Gemeinholzer et al. (2006)/Turk-

menistan, Belianiana et Sofeikova 13688 (B), AJ880341/

AB683259, AB683360. Nananthea perpusilla (Loisel.)

DC., Oberprieler (2004b), AJ864579/AJ864599, AB68

3361. Oncosiphon grandiflorum (Thunb.) Källersjö,

Himmelreich et al. (2008), AM774465, AB683362.

Osmitopsis asteriscoides (P. Bergius) Less., Himmelreich

et al. (2008), AM774466, AB683363. Otanthus maritimus

(L.) Hoffmanns. et Link, Oberprieler and Vogt (2000),

AJ3296385/AJ3296420, AB683364. Phaeostigma sali-

cifolium (Mattf.) Muldashev, Oberprieler et al. (2007),

AM774423, AB683365. Phymaspermum leptophyllum

(DC.) Jackson, Himmelreich et al. (2008), AM774467,

AB683366. Picrothamnus desertorum Nutt., Oberprieler

et al. (2007), AM774424, AB683367. Pseudohandelia

umbellifera (Boiss.) Tzvel., Gemeinholzer et al. (2006)/

Himmelreich et al. (2008), AJ880330/AM774468,

AB683368. Richteria pyrethroides Kar. et Kir., Oberprieler

et al. (2007), AM774425, AB683369. R. tianschanica (H.

Kraschen.) Sonboli et Oberpr., Oberprieler et al. (2007),

AM774430, AB683370. Sclerorhachis platyrhachis

(Boiss.) Podl., Oberprieler et al. (2007), AM774426,

AB683371. Tanacetopsis eriobasis (Rech. f.) Koval.,

Oberprieler et al. (2007), AM774427, AB683372.

Tanacetum abrotanifolium (L.) Druce, Iran, Assadi et Olfat

68865 (TARI), AB683260, AB683373. T. abrotanifolium

(L.) Druce, Oberprieler (2004b), AJ864582/AJ864602,

AB683374. T. achilleifolium (M. Bieb.) Sch.-Bip.,

Kazakhstan, Karis 609 (S), AB683261/AB683262,

AB683375. T. alyssifolium (Bornm.) Grierson, Turkey,

Nydegger 46409 (MSB), AB683263/AB683264,

AB683376. T. argenteum subsp. canum (Koch.) Grierson,

Turkey, Nydegger 46856 (B), AB683265, AB683377.

T. argenteum subsp. flabellifolium (Boiss. et Heldr.)

Grierson, Celik 1976 (HUB), AB683266, AB683378.

T. armenum (DC.) Sch.-Bip., Turkey, Bozakman et Fitz

826, (W, 1972-03416), AB683267, AB683379. T. auche-

rianum (DC.) Sch.-Bip., Turkey, (HUB), AB683268,

AB683380. T. bachtiaricum Mozaff., Iran, Sonboli et al.

1174 (MPH), AB683269, AB683381. T. balsamita L., Iran,

Sonboli et al. 1126 (MPH), AB683270, AB683382.

T. balsamita L., Oberprieler (2004b), AJ864583/AJ864

603, AB683383. T. bamianicum Podl., Afghanistan,

Rechinger 18238 (B), AB683271, AB683384. T. bipinna-

tum (L.) Sch.-Bip., Alaska, Viereck 7431 (S), AB683272/

AB683273, AB683385. T. budjnurdense (Rech. f.) Tzvel.,

Iran, Memariani 38119 (FUMH), AB683274, AB683386.

T. canescens DC., Oberprieler (2004b), AJ864584/

AJ864604. T. chiliophyllum (Fisch. et C. A. Mey.) Sch.-

Bip., var. chiliophyllum, Iran, Sonboli et al. 1124 (MPH),

AB683275, AB683387. T. chiliophyllum (Fisch. et C.

A. Mey.) Sch.-Bip., Oberprieler (2004b), AJ864585/

AJ864605, AB683388. T. chiliophyllum var. oligoceph-

alum (DC.) Sosn., Iran, Sonboli et al. 1216 (MPH),

AB683276, AB683389. T. cinerariifolium (Trev.) Sch.-

Bip., Iran, Sonboli 990 (MPH), AB683277, AB683390.

T. coccineum (Willd.) Grierson, Sonboli and Oberprieler

(2010), FN823081, AB683391. T. corymbosum (L.) Sch.-

Bip., Oberprieler and Vogt (2000), AJ3296414/AJ3296449,

AB683392, T. demetrii Manden., Georgia, Merello et al.

s.n. (W, 2001-10597), AB683278, AB683393. T. densum

(Lab.) Sch.- Bip., HB Jena, Oberprieler 9765 (herb. C.

Oberprieler), AB683279/AB683280, AB683394.

T. dumosum Boiss., Iran, Sonboli et al. 1168 (MPH),

AB683281, AB683395. T. elbursense Mozaff., Iran, Son-

boli et al. 1109 (MPH), AB683282, AB683396. T. ferula-

ceum (Webb ex Berth.) Sch.-Bip., Spain, Canary Islands,

Hultén s.n. (S), AB683283/AB683284, AB683397.

T. germanicopolitanum (Bornm. et Heimerl) Grierson,
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Turkey, Bornmüller 14254 (S), AB683285, AB683398.

T. griffithii (Clarke) Tzvel., Afghanistan, Rechinger 37485

(B), AB683286, AB683399. T. haradjanii (Rech. f.) Gri-

erson, Turkey, Davis 16366 (M), AB683287, AB683400.

T. haussknechtii (Bornm.) Grierson, Turkey, Dzudogru

1193 (HUB), AB683288, AB683401. T. hololeucum

(Bornm.) Podl., Iran, Rechinger 6472 (S), AB683289,

AB683402. T. joharchii Sonboli et Kaz. Osaloo, Sonboli

et al. (2010), AB523746, AB683403. T. khorassanicum

(Krasch.) Parsa, Iran, Rechinger 4937 (S), AB683290,

AB683404. T. kotschyi (Boiss.) Grierson, Sonboli et al.

(2010), AB523748, AB683405. T. kotschyi (Boiss.) Gri-

erson, Gemeinholzer et al. (2006)/Iran, Rechinger 42053

(B), AJ880352/AB683292, AB683406. T. leptophyllum

Stev., Caucasus, Daghestan, Becker s.n. (S), AB683293/

AB683294, AB683407. T. microphyllum DC., Gemein-

holzer et al. (2006)/Spain, Castroviejo 9855 (B),

AJ880331/AB683296, AB683408. T. millefolium (L.)

Tzvel., Bulgaria, Emanuelsson 3014 (S), AB683297/

AB683298, AB683409. T. mucroniferum Huber-Mor. et

Grierson, Turkey, Davis et Hedge 31785 (M), AB683299/

AB683300, AB683410. T. nitens (Boiss. et Noe) Grierson,

Turkey, Mucen 183 (W, V 1977-16564), AB683301,

AB683411. T. paleaceum Podl., Afghanistan, Freitag 5828

(B), AB683302, AB683412. T. parthenifolium (Willd.)

Sch.-Bip., Iran, Sonboli et al. 1127 (MPH), AB683303,

AB683413. T. parthenium (L.) Sch.-Bip., Oberprieler

(2004b), AJ864587/AJ864607, AB683414, T. parthenium

(L.) Sch.-Bip., Sonboli and Oberprieler (2010), FN823080,

AB683415. T. pinnatum Boiss., Iran, Sonboli et al. 1118

(MPH), AB683304, AB683416. T. pinnatum Boiss.,

Oberprieler (2004b), AJ864588/AJ864608, AB683417,

T. polycephalum subsp. argyrophyllum (Koch.) Podl., Iran,

Sonboli et al. 1125 (MPH), AB683305, AB683418.

T. polycephalum subsp. duderanum (Boiss.) Podl., Iran,

Rechinger 56842 (S), AB683306/AB683307, AB683419.

T. polycephalum subsp. farsicum Podl., Iran, Sonboli et al.

1167 (MPH), AB683308, AB683420. T. porphyrostepha-

num (Rech. f.) Bremer et Humphries, Sonboli et al. (2010),

AB523751, AB683421. T. poteriifolium (Ledeb.) Grierson,

Syria, Wall 543c (S), AB683309/AB683310, AB683422.

T. pseudachillea C. Winkl., Uzbekistan, Baranov et

Schmidt 6734 (S), AB683311/AB683312, AB683423.

T. punctatum (Desr.) Grierson, Oberprieler (2004b),

AJ864589/AJ864609, AB683424. T. punctatum (Desr.)

Grierson, Iran, Termeh et Moussavi 49833 (IRAN),

AB683313, AB683425. T. roseum (Adams) Sch.-Bip.,

Georgia, Klackenberg 820629-2 (S), AB683314/

AB683315, AB683426. T. salsugineum Podl., Iran, Moz-

affarian s.n. (TARI), AB683316, AB683427. T. santolina

Winkl., Kazakhstan, Androssov 3269a (S), AB683317/

AB683318, AB683428. T. sclerophyllum H. Krasch.,

Russia, Gross 32700 (S), AB683319/AB683320,

AB683429. T. siculum Strobl, Italy, Oberprieler 10349

(herb. Oberprieler), AB683321/AB683322, AB683430.

T. sonbolii Mozaff., Iran, Sonboli et al. 998 (MPH),

AB683323, AB683431. T. tabrisianum (Boiss.) Sosn. et

Takht., Iran, Sonboli 1122 (MPH), AB683324, AB683432.

T. tatsiense (Bur. et Franch.) Bremer et Humphries, China,

Smith 10842 (S), AB683325/AB683326, AB683433.

T. tenuisectum (Boiss.) Podl., Sonboli et al. (2010),

AB523747, AB683434. T. turcomanicum (Kraschen.)

Tzvel., Iran, Faghihnia et Zangooei 20867 (FUMH),

AB683327, AB683435. T. uniflorum (Fisch. et C. A. Mey.)

Sch.-Bip., Iran, Rechinger 41696 (S), AB683328/

AB683329, AB683436. T. vahlii DC., Spain, Zubizarreta

12287 (B), AB683330/AB683331, AB683437. T. vulgare

L., Germany, Oberprieler 9770 (herb. Oberprieler),

AB683332/AB683333, AB683438. T. walteri (Winkl.)

Tzvel., Iran, Rechinger 53283 (S), AB683334/AB683335,

AB683439. T. zahlbruckneri (Nab.) Grierson, Iran, Ali-

zadeh et al. 602 (MPH), AB683336, AB683440. Tripleu-

rospermum caucasicum (Willd.) Hayek., Oberprieler

(2004b), AJ864590/AJ864610, AB683441. T. perforatum

(Merat) Laı́nz, Gemeinholzer et al. (2006)/Germany,

Oberprieler 9764 (B), AJ880332/AB683338, AB683442.

T. sevanense (Manden.) Pobed., Oberprieler (2004b),

AJ864591/AJ864611, AB683443. T. transcaucasicum

(Manden.) Pobed., Oberprieler (2004b), AJ864592/

AJ864612, AB683444. Ursinia anthemoides (L.) Poir.,

Himmelreich et al. (2008), AM774473, AB683445.

Xylanthemum fisherae (Aitch. et Hemsley) Tzvel., Sonboli

and Oberprieler (2010), FN827333/FN827334, AB683446.

X. paghmanense (Podl.) Bremer et Humphries, Afghani-

stan, (W-1986-05509), AB683339, AB683447. X. pamiri-

cum (Hoffm.) Tzvel., Iran, Moussavi et Tehrani, 34987-E

(IRAN), AB683340, AB683448. X. rupestre (M. Pop. ex

Nevski) Tzvel., Afghanistan, Freitag 6388 (B), AB683341/

AB683342, AB683449.
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