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Biosystematics and phylogeny of anacetum fisherae, a new record from Iran
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Abstract

The chromosome number (2n8l4+1B) of
Tanacetum fisheraeas a new record from high
mountains of southern Iran (Kerman province: Hazar =2 Sedee B oS ol Gl ikl sele ln
mountain) is reported. A new ploidy level SSwok ghe wies s (2n=5x=44+1B) (oa9)545,5
(pentaploidy) for the genus is presented for thstfi Ll Jb (s sl Tanacetum iz sl gomshlsy
time. The studied population was aneuploid, having z,% «olxl 5 Lo ;o as5 cpl (SaSTy aidi 005 o

o>

GNaz> 5,85, leie 4y Tanacetunisherae 4545

lost one chromosome out of the 45 expected in an -w! ool aljl ogo (bl Cou)pn, ol 5 S
x=9-based pentaploid. The distribution map, Jsdse lrosls wluly (SwgignSt (pFamas
description and micromorphological characteristic 0 ool Gai (r33; Gl Sidlsdise 9 (NMDNA ITS)
the achene are given. A taxonomic conclusion on the sl oo Slgiion asS ] (Seiield 9 (SiogignSL
basis of molecular data and phylogenetic positibn o
T. fisherads also discussed. ITS  Asteraceae «sgises,S :goelS  sbwojlg
XylanthemumTanacetum
Keywords: Asteraceag  Chromosome, ITS,

TanacetumXylanthemum
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Introduction
Tanacetum L., the third largest genus after originating from Iran has been presented in Table 1. As can

Artemisia L. and AnthemisL., belonging to the tribe be seen several ploidy levels ranging frant@®1( for the
Anthemideaef Compositag consists of ca. 160 species different taxa has been reported. To our knowledge, there is
worldwide (Oberprieleret al 2006). In Flora Iranica no information on the karyology @t fisherae

area, this genus is represented by 18 sections and The genus Xylanthemum in other taxonomic
altogether 54 species (Podlech 1986). During the revisioireatments and some regional flora has been considered as a
of the genusTanacetum(2004-10), new species and separate genus (Bremer & Humphries 1993, Ghafoor 2002,
records from different provinces of Iran have been foundOberprieleret al 2006, 2009) Oberprieleret al (2007)
(Sonboli et al 2010a, b). The species number of based on a phylogenetic analysis of the tAl¢hemideae

Tanacetumin the flora of Iran based on the recent inferred from nrDNA ITS data placedylanthemunin the

findings (Mozaffarian 2005, Djavadi 2008, Sonletlial, Handeliinaesubtribe. Recently, owing the close relationship
2010a, b) together with the new species recorded herei@f the X. tianschanicum(Krasch.) Muradyan to the type
is increased to 36. species ofRichteria Kar. & Kir. (Richteria pyrethroides

The most problematic subtribe in Bremer & Kar. & Kir) which is supported by morphological
Humphries” (1993) classification based on a cladisticcharacteristics, the species is excluded fiXytanthemum
analysis of mainly morphological data was the so-calledand the combinationRichteria tianschanica(Krasch.)
‘Tanacetinae Bremer & Humphries including genera: Sonboli & Oberpr. has been introduced (Sonboli &
TanacetumXylanthemunTzvelev, Tanacetopsi§Tzvelev) ~ Oberprieler 2010). Howevethe generic circumscription of
Kovalevsk, Hippolytia Poljakov, Heliocauta Humphries,  the genusKylanthemumand taxonomic position of its taxa
LepidolophaC. Winkl. and OpisthopappusC. Shih. The s still unclear and controversial. In this study the taxonomic
genusXylanthemumwas described to accommodate four status and phylogenetic position dt fisherae based
species that were removed frafanacetuni. by Tzvelev ~on  nrDNA  ITS  sequences, chromosomal and
(2000) on the basis of their shrubby habit, discoid capitulamicromorphological data has been discussed.
flat receptacles, auriculate pappus and myxogenic cells in
the epidermis of the pericarp. Podlech (1986) relegated thiaterials and Methods
generic rank ofXylanthemunto a section offanacetum - Morphology
with seven speciesT. pamiricum (Hoffm.) Bornm., Herbarium specimens of the gend@nacetum
T. lingulatum(Boiss.) Bornm.T. rupestrePop. ex Nevsky, available in several herbaria (IRAN, TARI, MPH, G, W)
T. gilletti Podl., T. macropodumHemsl. & Lace, and herbarium of the research centre of natural resources
T. paghmanengeodl., andT. fisheraeAitch. & Hemsl. and agriculture of Kerman were revised using relevant

Many karyological data concerning chromosome literatures (Podlech 1986, Tzvelev 2000, Ghafoor
numbers have already been published in Theacetum 2002, Mozaffarian 2008). Comparative morphological
from different countries (Baltisberger 1990, Ghaffari & characteristics ofT. fisheraeand its close relatives i.e.
Kelich, 2006, Inceer & Hayirlioglu-Ayaz 2007, Chehregani T. pamiricum and T. rupestre were studied under
& Mehanfar 2008, Chehregani & Hajisadeghian 2009,stereomicroscope (Blue Light, USA). For scanning electron
Chehreganiet al. 2011, Sonboliet al. 2011). The most microscopy mature achenes were directly mounted on stub
common basic chromosome number in the genus was fourigsing double adhesive tape and coated with gold in

to bex=9. Chromosome counts of soif@nacetumspecies  sputtering chamber and observed under SEM (Philips-XL30).
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Table 1. List of IraniaTanacetuntaxa and their chromosome counts retrieved froblighed data

Taxa 2n n Reference
T. chiliophyllum(Fisch. & Mey.) Sch. Bip. 18, 27 _ Chehregani & Hajisadeghian (2009)
T. kotschy{(Boiss.) Grierson 18 _ Chehregani & Mehanfar (2008)
T. paradoxunBornm. 16 _ Sonbolietal. (2011)
T. parthenium(L.) Sch. Bip. 36 _ Chehregani & Mehanfar (2008)
T. pinnatumBoiss. 18 _ Chehregani & Mehanfar (2008)
T. polycephalunsch. Bip. 72 _ Chehregani & Hajisadeghian (2009)

90 _ Chehregani & Mehanfar (2008)
18, 36, 54 _ Chehreganetal. (2011)
T. polycephalunsubspduderanurn{Boiss.) Podl. _ 18 Ghaffari & Kelich (2006)
- Cytological method in MrMTgui (Nuin 2005) based on the Akaike inforioat

Root-tip meristems were obtained from wild- criterion (Posada & Buckley 2004).

collected achenes germinated on wet filter papédPetri

dishes at room temperature. Seedlings were pretredth Results and Discussion

0.002 M 8-hidroxyquinoline at room temperature 3oh. - Morphology

Material was fixed in absolute ethanol and glaeiedtic During the revision of the genusanacetumin
acid (3:1) for 24 h at 4° C and stored in alcolxdtive
(ethanol 70%) at 4° C. Samples were hydrolysedNiftHCI

for 10 min at 60° C, rinsed in tap water for a miam of 2—

different herbaria of Iran (2004—2010), some spenBsnin
the herbarium of the Research Centre of Naturablress
and Agriculture of Kerman provindéan), TARI and TUH
were found that have already been identified as

3 min and then stained and squashed on slides Mith

. T. pamiricum According to Flora Iranica (Podlech 1986)
aqueous aceto-carmine. The chromosomal formula was

calculated on the basis of at least five metapplsges. The and Flora of USSR (Tzvelev 2000) these specimerie we

best metaphase plates were photographed with Olymp lPrellmlnanly identified asT. cf. fisherae When they were
BX-51 checked with specimens @f. fisheraefrom Afghanistan

- Molecular method and isotype specimen in the herbarium G, deteriomat

Total genomic DNA was extracted from leaves was successfully carried out. It was characterized

taken from herbarium specimen with the DNeasy ptant T. fisherag which is previously known as a species

kit DNA extraction (Qiagen) following the manufats distributed in east and centre of Afghanistan, fakiand

protocol. The detail of PCR program for the amgfion of Tajikistan (Pamir-Alai region)T. fisheraewas not reported
the ITS nrDNA have already been published (Sordtadil

2010a). A dataset consisting of 28 accessions nalgzed

before from Iran in the relevant literatures (Poldld.986,
Mozaffarian 2008). Therefore, it is recorded heve the
(Table 2).Ursinia anthemoide&aertn. was considered as first time from Iran.

the outgroup. Phylogenetic analyses of the ITS DN Morphologically, T. fisherae is closely related to

dataset (ITS1+TS2 only) were reconstructed with T. rupestreandT. pamiricum The diagnostic morphological

maximum parsimony (MP) method using PAUP* characters off. fisheraewith allied species are given in

(Swofford 2002) and Bayesian inference (BI) using Table 3. T. fisherae can be easily distinguished from

T. pamiricumby its pappus structure (entire, unilateral not
divided to the base into 3-6 oblong scales), setgran

MrBayes (Ronquist & Huelsenbeck 2003), employing th

same search strategies as in Sonttodil (2010a). For the
Bayesian analysis, the GTR+G model was selectat usi pinnate leaves remote, terete and mucronulate (not

the program MrModeltest (Nylander 2004) as impletegn approximate and linear), peduncie 3-15 cm long grwt),
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margin color of involucral bracts dark brown (not 4-5 mm and achene size 1.8-3.0 mm. A complete

brownish).T. fisheraeresemblesT. rupestre but differs in

description along with the synonyms, type specimen details

having more densely hairy leaves, petiole longer tharand specimens examined are presented as follows:

lamina, peduncle length up to 3—4 cm, diameter of involucre

Table 2. List of taxa used for the current molecular stfilye two accession numbers for nrDNA ITS of some taxa

represent ITS1 and ITS2 regions, respectively

Taxa

Source and
collection data

GenBank
accession NG.

Anthemidinae

Gonospermum fruticusof&€. Smith ex Link) Less.

Lugoa revolutgC. Smith ex Link) DC.
Tanacetum canesceB.

T. chiliophyllum(Fisch. & Mey.) Sch. Bip.
T. corymbosuniL.) Sch. Bip.

T. fisheraeAitch. & Hemsl.

T. joharchiiSonboli & Kaz. Osaloo

T. kotschy{Boiss.) Grierson

T. parthenium(L.) Sch. Bip.

T. pinnatunBoiss.

T. tenuisectuniBoiss.) Podl.

T. vulgareL.

Handeliinae

Handelia trichophylla(Schrenk) Heimerl

Lepidolopsis turkestanicégRegel & Schmalh.)
Poljakov

Microcephala discoidefl_edeb.) K. Bremeetal.
Pseudohandelia umbellife@oiss.) Tzvelev
Richteria pyrethroide&ar. & Kir.

R. tianschanicgKrasch.) Sonboli & Oberpr.

Sclerorhachis platyrhachi@oiss.) Podlech
ex Rech. f.

Tanacetopsis mucronaf®egel & Schmalh.)
Kovalevsk.

Trichanthemis aulieatens(8. Fedtsch.) Krasch.
Xylanthemum fishera@itch. & Hemsl.) Tzvelev
Artemisiinae

Ajania fastigiata

Artemisia vulgarid..

Artemisiella strachey(Clarke) Ghafoor
Filifolium sibiricum (L.) Kitam.

Hippolytia dolichophyllaKitam.) K. Bremer &
Humphries

Outgroup

Ursinia anthemoidefl..) Poiret

Sonboli & Oberprieler (2010)
Sonboli & Oberprieler (2010)
Oberprieler (2004b)
Oberprieler (2004b)
Francisco-Ortegat al.2001

Iran: Kerman, Poormirzaii &
Ebrahimi 5366 (MPH)
Sonbolietal. (2010a)

Sonbolietal. (2010a)
Sonboli & Oberprieler (2010)
Oberprieler (2004b)
Sonboliet al. (2010a)
Francisco-Ortegat al. (2001)

Oberprieleret al. (2007)
Valléset al. (2003)

Watsonetal. (2002)
Oberprieleretal. (2007)
Oberprieleretal. (2007)
Oberprieleral. (2007)
Oberprieleretal. (2007)

Oberprieleretal. (2007)

Oberprieletral. (2007)
Sonboli & Oberprieler (2010)

Vallésetal. (2003)
Oberprieler & Vogt (2000)
Oberprieleretal. (2007)
Sanzetal. (2008)
Oberprieler (2004a)

Himmelreichetal. (2008)

FN827335/FN827336

FN827337/FN827338
AJB864584/AJ864604
AJB864585/AJ864605
AF155254/AF155291
Submitted

AB523746
AB523748
FN823080
AJ864588/AJ864608
AB523747
AF155263/AF155299

AM774422
AF504190/AF504163

AY127677/AY127678
AJ880330/AM774468
AM774425
AM774430
AM774426

AM774428

AM774429
FN827333/FN827334

AF504169/AF504142
AJ3296389/AJ3296424
AM774421
AF504160/AF504187
AJ748784/AJ748785

AM774473
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Table 3. Diagnostic morphological character§afacetum fisheraand allied species

Character T. fisherae T. rupestre T. pamiricum
Leave
Indumentum Sparsely hirsute, denselyAppressed hairy, dense Appressed hairy,
glandulous-punctate pubescence glandulous-punctate
Lamina Pinnate, oblong, with Pinnate, ovate or oblong, Pinnate, broadly oval,
remote, terete, segments less remote, segment ternis linear
mucronulate segments linear, integer or apically
bi- or trifid
Petiole length of lower leaves As long as lamina Longer than lamina Longer than lamina
Peduncle length (cm) Up to15 Up to 34 Upto6
Involucre
Diameter (mm) 5-8 4-5 5-8
Margin color of bracts Dark-brown Dark-brown Brownish
Achene size (mm) 3.5-4.0 1.8-3.0 0.4-4.0
Pappus
Size (mm) 1.5-2 1.2-2.0 1.2-1.8
Structure Entire, unilateral Entire, unilateral Divided to the base into

3-6 oblong scales

Tanacetum fisherae Aitch. & Hemsl. J. Linn. Soc. Bot.
19: 170, 1882 (Figs 1-3). 3.0-3.5 mm long, 5-toothed at apex; teeth 0.5 mm
Syn.: Pyrethrum fisheragAitch. & Hemsl.) Boiss., FI. long. Achenes 3.5-4.0 mm long, c. 1.0 mm wide;

Or. Suppl. 300 (1888)Chrysanthemum fisherae longitudinally with 5 distinct ribs, punctate-glardus,

(Aitch. & Hemsl.) Rech. fin: K. Danske Vid.  corona-shaped pappus c. 2.0 mm long, entire, atesl si

Selsk., Biol. Skrift., viii. No. 2 (Symb. Afghan. irregularly sinuate-toothed at apex.

I1.) 45 (1955). Xylanthemum fishera@Aitch. & Flowering & Fruiting: June—August.

Hemsl.) Tzvel., FI. USSR, 26: 271-274 (2000). Habitat: Stony and broken-stony slopes, at heights/e
Type: Afghanistan: Jaji, Hariab district, Sikaram 2400 m.

mountain, Seratigah and Sergal, 3000-3800 mpistribution: Afghanistan, Pakistan, Central Asia

J.E.T. Aitchison. 366 (K; iso G!). (Tajikistan: Pamir Alai regions), Iran (Kerman pioee)

Perennial. Small undershrubs, up to 35 cm high,(Fig. 4).
dingy-green with two-branched hairs and with thick Specimens examined: Iran: Kerman province, Kerman,
woody rootstocks. Stems highly branched near t@,bas 40 km from Jiroft on the road to Kerman, Kuh-e $arz
lignifying for a considerable distance, evenly-ftéid, 3000-3300 m, 13.6.1977, Assadi & Miller, TARI!
upright or ascending. Leaves sparsely hairy, hésut (subT. pamiricun); Baft, Gugher, BondaMirtajeddin,
densely punctate-glandulous, petiole of lower lsage  31985! (TUH); Kerman, Mehr mountain, north and east
long as lamina; lamina oblong, pinnately cut upaxis, slopes, 2400-2935 m, 16.6.2004, Poormirzaii &
with 2—4 remote lateral segments; segments oblong tEbrahimi 5366!; Afghanistan: Gardez, Safed kuh, in
linear, subobtuse; uppermost leaves reduced, sgkessE  mountains east of Altimur pass, Rech. 31997 W!; $¢ho
divided (to entire). Capitula solitary, numerous long southeast slopes of Sata Kandao pass, inter Garttz
(up to 15 cm long) upright peduncles. Involucre8 5— Khost, 2200-2800 m, 8.7.1965, Rech. 32129 W!;
mm in diameter and 5—7 mm high, more or less hairy;Ghazni, inter Sariab and Dasht-e Nawar, 3100 m,
involucral bracts with dark-brown membranous margin 18.7.1967, Rech. 37237 W!; Bamian, inter Bamian
external bracts triangular, 3 x 1.5 mm, internaé®on and Band-e Amir, 2800-3000 m, 13.7.1962, Rech.
oblong, 5 x 2 mm. Corollas of tubular floweysllow, 18202 W!.
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- Cytology chromosome number (2nx218) has already been
The constant chromosome number found in allreported in  Tanacetum parthenium Sch.
metaphase plates was 2n=44+1B (Fig. 5). To ouBip., T. albipannosum Hub.-Mor & Grierson,
knowledge, this is the first report of chromosome numberT. macrophyllum Sch. Bip., T. coccineum (Willd.)
in Tanacetunfisherae indicating a pentaploid levelp ~ Grierson ssp.chamaemelifolium(Sommier & Levier)
based onx=9. A new ploidy level (pentaploidy) is Grierson, and T. sorbifolium (Boiss.) Grierson from
reported for the first time for the genus. While most Turkey (Inceer & Hayirlioglu-Ayaz 2007). There is also
chromosomes are metacentric or submetacentric, oneeport of 2=10x=90 for T. polycephalungch. Bip. from
subtelocentric chromosome was found. The karyotypdran (Chehregani & Mehanfar 2008). The presence of
formula is given as 2n=525m +15sm +4st. The studied B-chromosome has already been reported from
population is aneuploid, having lost one chromosome ouffanacetum corymbosunfL.) Sch. Bip. (2n=36+3B;
of the 45 expected in a x=9-based pentaploid; this mayBaltisberger 1990) and in othémnthemideagsuch as
be arisen from the irregular meiosis phenomenon thafjania fruticulosa(Ledeb.) Poljakov (2n=36+4B; Garcia
occurs in odd-number polyploids. The diploid et al.2006).

;
§

Al it [k a0,

//de;!nv i

Fig. 1.Type specimen ofanacetum fishera@so-G!).

Fig. 2.Scanned image dfanacetum fisherae
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Fig. 3. SEM micrographs oTanacetum fisheraeA—C. Achene, D. Capitulum,
G. Tubular floret.

E. Outer bract, F. Inmeact,
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Fig. 4.Distribution map offanacetum fisherae
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Fig. 5. Mitotic metaphase dfanacetum fishera@n=5«= 44+1B). Arrow shows B-chromosome (Bar = 10 um).

- Molecular phylogeny Ghafoor 2002, Oberprieleet al. 2006, 2007, 2009)
The aligned dataset of nrDNA ITS consisted of accepted Xylanthemumas a distinct genus, Podlech
501 nucleotide sites, of which 115 sites were parsimony(1986) relegated it to a section TdnacetumBased on a
informative. Of the remaining nucleotide sites, 298 sitescladistic analysis of morphological characters the genus
were constant and 88 variable. The MP analysis resulteylanthemumwas found to be closer to the genus
in 416 most parsimonious trees of 347 steps with aranacetum of Anthemidiinae subtribe than the
consistency index (CI) of 0.706 and retention index (Rl)representatives of the subtriddandeliinae (Sonboli
of 0.806. The strict consensus tree of the MP analysi2009). Recently, the phylogenetic positionXoffisherae
(tree not shown), is topologically similar to that of the has been shown to be related to the representatives of
Bayesian analysis (Fig. 6).. fisheraeoriginating from  Tanacetum (Sonboli & Oberprieler 2010). As a
Iran along with a sample identified & fisherae the consequent, based on the results obtained here the
type species of the genusXylanthemum from retaining ofT. fisheraein its original taxonomic position
Afghanistan formed a well-supported clade nested in theinder the genu¥anacetunis highly supported and the
Tanacetungroup with high posterior probability (pp=1) combination ofX. fisheraeshould be considered as a
and bootstrap value of 89%. This clade has beersynonym
appeared as sister to the representative$aofacetum
sect.Xylopyrethrum. Acknowledgements
The authors would like to thank Research and
Taxonomic conclusion Technology Council of Shahid Beheshti University
The taxonomic position oXylanthemumas a (Tehran, Iran) for financial support. We would like to
separate genus or a section of the gehaisacetumis express our kind appreciation to Prof. Dr. Joan Valles
still unclear and controversial. While the majority of the (University of Barcelona, Spain) for his invaluable
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Fig. 6. Fifty percent majority rule consensus tree with méaanch length
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