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Abstract. The evolutionary trend of the morphological characters of the genus Stachys in Iran, on the basis of nrITS se-
quence data, was investigated. A total of 28 nrITS sequences, representing 26 species of Stachys as well as Betonica of-
ficinalis and Melittis mellisophyllum, were obtained from GenBank. Patterns of character evolution were assessed for
10 vegetative and reproductive characters with emphasis on taxonomic treatments of Stachys performed earlier to infer
its history and interpret processes of change. The most important characters included habitat, growth form, leaf morp-
hology, inflorescence, calyx and corolla as well as trichome morphology. Phylogenetic tree, based on the nrITS dataset,
were constructed by Bayesian analysis. Parsimony mapping was performed in Mesquite v. 1.12. The present analysis
revealed that the state of symmetrical calyx, the presence of basal leaves as well as the presence of glandular trichomes
were not in agreement with the results of molecular data, which indicated the artificial nature of these characters in pr-
evious classification. The presence of simple trichomes as well as the growth forms were consistent with phylogeny ba-
sed on nrITS sequences. Evolutionary trend of morphological characters demonstrated that the sect. Eriostomum and
sect. Fragilicaulis were the most primitive and the most advanced sections in Iran, respectively.
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Fig. 1. Habitat and habit of Iranian species of Stachys. A: S. acerosa- mountain steppes (Gravelly slopes), erect; B: S.
atherocalyx- mountain steppes, erect; C: S. persica- margin of forests, erect; D: S. benthamiana- rocky places, erect; E:
S. fruticolosa- mountain steppes, erect; F: S. lavandulifolia- mountain steppes, erect; G: S. setifera- mountain steppes
(beside streams, sandy river beds), creeping.
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Table 1. Alphabetical list of Stachys specimens examined here included infrageneric classification sensu Bhattacharjee
(1980) and GenBank accession numbers based on Salmaki ez al. (2013).

Species ‘ Section GenBank Accessions
Outgroup

Betonica officinalis L. - KF529533
Melittis melissophyllum L. - KF529544
Ingroup

Stachys acerosa Boiss. (1) sect. Aucheriana KF529554
S. acerosa (2) sect. Aucheriana KF529555
S. alpina L. sect. Eriostomum KF529562
S. annua (L.) L. sect. Olisia KF529563
S. atherocalyx K. Koch. sect. Olisia KF529569
S. balansae Boiss. & Kotschy sect. Eriostomum KF529571
S. ballotiformis Vatke sect. Fragilicaulis KF529702
S. benthamiana Boiss. sect. Fragilicaulis KF529572
S. byzantina K.Koch sect. Eriostomum KF529578
S. fruticulosa fruticulosa M.Bieb. sect. Thamnostachys KF529591
S. inflata Benth. sect. Ambleia KF529601
S. kermanshahensis Rech.f sect. Fragilicaulis KF529603
S. kurdica Boiss. & Hohen. sect. Fragilicaulis KF529604
S. lavandulifolia Vahl sect. Zitenia KF529609
S. megalodonta Hausskn. & Bornm. sect. Fragilicaulis KF529613
S. palustris L. sect. Stachys KF529625
S. persica S.G.Gmel. ex C.A.Mey. sect. Eriostomum KF529626
S. pubescens Ten. sect. Olisia KF529629
S. recta L. sect. Olisia KF529630
S. setifera C.A.Mey. subsp setifera (1) sect. Setifolia KF529635
S. setifera subsp. iranica (Rech.f.) Rech.f. (2) sect. Setifolia KF529636
S. spectabilis Choisy ex DC. sect. Eriostomum KF529638
S. subapylla Rech.f. sect. Ambleia KF529641
S. sylvatica L. sect. Eriostomum KF529644
S. trinervis Aitch. & Hemsl. sect. Ambleia KF529647
S. turcomanica Trautyv. sect. Ambleia KF529649

Stachys Clie JalSS Lgy )y 53 okis gy SB> 5 Slio =Y Joo

Table 2. Characters and character states used in evolutionary trend of morphological characters of Stachys.
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Table 3. Character matrix used in evolutionary trend of morphological characters of Stachys.

Betonica officinalis 0000000000 S. acerosa 1 1112120100
Melittis melissophyllum 0000000100 S. acerosa 2 1112120100
Stachys pubescens 1012030100 S. kurdica 2012130110
S. annua 1012030100 S. ballotiformis 2012130110
S. atherocalyx 1012130110 S. megalodonta 2012130100
S. recta 1012130110 S. benthamiana 2012130100
S. setifera 1212110100 S. kermanshahensis 2012110100
S. setifera 1212110100 S. alpina subsp. alpina 0000000000
S. fruticulosa 1012110110 S. spectabilis 0000000000
S. lavandulifolia 1002101100 S. byzantina 0000000000
S. turcomanica 1012101101 S. balansae 0000000000
S. inflate 1012111101 S. persica 0000000000
S. trinervis 1012111101 S. palustris 0001100100
S. subapylla 1012111101 S. sylvatica 0001100100
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Betonica officinalis
Melittis melissophyllum
Stachys alpina
Stachys spectabilis
Stachys byzantina Eriostomum
Stachys balansae

Stachys persica

Stachys palustris

Stachys sylvatica

Stachys setifera subsp. setifera
Stachys setifera subsp. iranica
Stachys pubescens

Stachys annua

Stachys atherocalyx

Stachys recta

Stachys acerosa 1

Stachys acerosa 2

Stachys fruticulosa Thamnostachys
Stachys lavandulifolia Zietenia
Stachys turcomanica
Stachys inflata
Stachys trinervis
Stachys subapylla
Stachys kurdica
Stachys ballotiformis
Stachys megalodonta Fragilicaulis
Stachys benthamiana
Stachys kermanshahensis

Outgroups

Stachys

Setifolia

Olisia

Aucheriana

Ambleia
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Fig. 2. The Bayesian 50% majority rule consensus cladogram based on nrITS. Bayesian posterior probability values
>0.95 are reported below the branches. The sections of Stachys species are represented on the left according to
Bhattacharjee (1980).
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Fig. 3. Map of selected characters on the Bayesian 50% majority rule consensus cladogram based on nrITS. A: habitat:
forests (0), mountain steppes (1), rocky places (2); B: habit: erect (0), cushion form (1); creeping (2); C: permanent
basal leaves: present (0), absent (1); D: inflorescence: compact (0), lax (1), absent (2).
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Fig. 4. Map of selected characters on the Bayesian 50% majority rule consensus cladogram based on nrITS. A:
symmetrical calyx: absent (0), present (1); B: corolla color: red to purple (0), pink (1), white (2), yellow (3).
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Fig. 5. Map of selected characters on the Bayesian 50% majority rule consensus cladogram based on nrITS. A: simple
trichome: present (0), absent (1); B: vermiform trichome: present (0), absent (1); C: glandular trichome: present (0),

absent (1); D: branched trichome: absent (0), present (1).
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