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Phylogenetic placement of Stachys sect. Satureoides (Lamiaceae;
Lamioideae)

Mahya Khakpash & Yasaman Salmaki
Center of Excellence in Phylogeny of Living Organisms and Department of Plant Science, School of Biology, College
of Science, University of Tehran, Tehran, Iran
Correspondent author: Yasaman Salmaki, ysalmaki@ut.ac.ir

Abstract. Stachys sect. Satureoides includes four species characterized by being annual herbs having oblanceolate
leaves, urceolate calyx in fruit and dense hairs at mouth and are distributed from Eastern and Southern Turkey, Syria,
Northern Iraq to Western Iran. The main aim of present study is to determine the phylogenetic placement of S. sect.
Satureoides based on Stachys melampyroides, as the only representative of this section in Iran. The present molecular
study was conducted based on nuclear ribosomal ITS marker, using Maximum Parsimony and Bayesian Inference
analyses. In total, 86 accessions (including nine outgroups and 77 ingroups) were included. Our results demonstrated
that sect. Satureoides was placed in Olisia clade which is one of the most heterogenous and taxonomically challenging
clades of Stachys as a paraphyletic genus. Moreover, not only sect. Satureoides was not found to be phylogenetically
close to sect. Neurocalyx, as had been suggested by previous morphological studies, but also it was placed as a sister
group of sect Fragilicaulis which was characterized by chasmophilus species with fragile stems and yellow flowers.
Our results revealed that sect. Neurocalyx could be the closest group to the Satureoides+Fragilicaulis clade. In addition,
based on the nrITS phylogenetic tree, annual species of Stachys showed affinity to perennial Stachys species. Hence, it
seems that “Annual habit” have been evolved among their perennial ancestors, independently.
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\) Central Herbarium of Tehran University
Faculty of Science
Family: Labiatae No. 23907
Name:
| Locali Stachys melampiroides HAND-MTZ
ocality:
4 L°re5tan:Khortamabad,Veissian,chal-e-l\hmad.
Date:
s 10.5.1999 Alt, T3000
Collector: Veiskarami
Remarks:

Det.

«(Salmaki et al., 2012) JSauls.C (J5.B ( JSpl> A o)l 05 olKisls 535 10 00SLS ,o S. melampyroides 458 sloaSLs aiges - JSib

Figure 1. The herbarium specimen of S. melampyroides in the Central Herbarium of Tehran University. A. corolla, B.
flower, C. calyx (Salmaki et al., 2012).
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Table 1. List of names, geographic source, voucher information and GenBank accession humber of the studied taxa in
present study. The new generated sequence is indicated with an asterisk. Missing data are indicated with N/A.

Species Geographic Voucher information GenBank
source accession
number: nriTS
Outgroup
Ballota nigra L. Iran Y. Salmaki et al. 39813 (TUH) JN680358
Betonica officinalis L. Cult. C. Lindgvist and V.A. Albert 357 KF529533
(UNA)
Betonica scardica Griseb. Greece J. Ugelvig and L. S. Christiansen KF529534
1048 (C)
Galeopsis angustifolia Ehrh. ex Hoffm. Norway E. Dahl s.n. 26.08.1979 (O) KF529535
Galeopsis bifida Boenn. N/A N/A EU827106
Phlomis fruticosa L. Greece E. Julin s.n. 1985 (UPS) KF529539
Phlomoides laevigata (Bunge) Kamelin & Makhm. | Kurdistan J. Frédin 202 (UPS) KF769022
(=Eremostachys laevigata Bunge)
Phlomoides tuberosa (L.) Moench Kyrgizistan Fyatov and Kuzgechov 259 (LE) JN680387
Pseudodictamnus hirsutus (Willd.) Salmaki & Siadati [ Morocco D. Podlech 53328 (M) JN680359
(= Ballota hirsuta Benth.)
Ingroup
Chamaesphacos ilicifolius Schrenk ex Fisch. & | Iran K. H. Rechinger 50961 (C) KF529540
C.A.Mey.
Haplosthhys haplostachya (A.Gray) H.St.John Hawaii S. Perlman 14328 (NY) KF529541
Hypogomphia bucharica Vved. Uzbekistan A. Vvedensky AV6427 (C) KF529542
Hypogomphia turkestana Bunge C Asia O. Paulsen 275 (C) KF529543
Melittis melissophyllum L. (1) Cult. M. Bendikshy 09-010 (O) KF529544
Melittis melissophyllum (2) Hungary M. E. Steiner et al. 1127 (UPS) KF529545
Phlomidoschema parviflorum (Benth.) Vived. Afghanistan J. S. Andersen and I. C. Petersen KF529546
394 (C
Phyllostegia velutina (Sherff) H.St.John Hawaii V. A( &Ibert etal. HI03-061 (O) KF529547
Phyllostegia waimeae Wawra Hawaii V. A. Albert et al. HI03-027 (O) KF529548
Prasium majus L. (1) Greece A. Strid et al. 39091 (C) KF529549
Prasium majus (2) Spain M. Thulin 5752 (UPS) KF529550
Sideritis antiatlantica (Maire) Rejdali Morocco ASG s.n. (ORT) AF335625
Sideritis glauca Cav. Spain (Alicante) J. Barber 248 (TEX) AF335630
Sideritis gomeraea de Noé ex Bolle Spain J. Barber 256 (TEX) AF335608
(Cl-La Gomera)
Sideritis montana L. (1) Balkan Peninsula J. Barber 212 (TEX) AF335612
Sideritis montana (2) Cult. M. Bendikshy MB09-002 (O) KF529551
Sideritis nutans Svent. C I-La Gomera J. Barber 201 (TEX) DQ900767
Sideritis perfoliata L. Cult. J. Barber 294 (TEX) AF335618
Sideritis romana L. (1) Italy J. Barber 209 (TEX) AF335614
Sideritis romana (2) Greece (Skiros) S. Snogerup and B. Snogerup 16918 KF529552
UPS
Sideritis scardica Griseb. Cult. g Bar)ber 211 (TEX) AF335619
Sideritis syriaca L. Greece M. Bendiksby and A.—C. Scheen KF529553
04-008 (0)
Sideritis tragoriganum Lag. Spain (Lagasca) J. Barber 241 (TEX) AF335639
Stachys acerosa Boiss. (1) Persia K. H. Rechinger 47425 (C) KF529554
Stachys acerosa (2) Iran Y. Salmaki and S. Zarre 38881 KF529555
(TUH)
Stachys aegyptiaca Pers. (1) Egypt N/A 50085 (MSB) KF529557
Stachys aegyptiaca (2) Palestine M. Zohary & J. D'Angelis 570 KF529558
UPS
Stachys aethiopica L. Mozambique 53 Peiterson 2146 (UPS) KF529559
Stachys annua (L.) L. Turkey M. Nydegger 42679 (MSB) KF529563
Stachys annua subsp. annua (= Stachys pubescens | Azerbaijan K. H. Rechinger 41292 (C) KF529629
Ten.
Stac%ys arenaria Vahl Morocco D. Podlech 48272 (MSB) KF529566
Stachys arvensis (L.) L. Germany W. L. Dietrich 6143 (M) KF529567
Stachys atherocalyx K. Koch Iran Y. Salmaki et al. 39801 (TUH) KF529569
Stachys benthamiana Boiss. Iran Y. Salmaki and S. Zarre 35897 KF529572
(TUH)
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number: nriTS

Stachys bombycina Boiss. Turkey R. Ulrich 1997 (M) KF529573

Stachys byzantina K. Koch Iran Y. Salmaki et al. 3652 (TUH) KF529578

Stachys corsica Pers. Corsica B. Jonsell 1428 (UPS) KF529582

Stachys circinata L'Hér Spain M. Thulin 5733 (UPS) KF529581

Stachys distans Benth. Lebanon H. Roessler 5211 (M) KF529585

Stachys ehrenbergii Boiss. Lebanon C. Bréuchler s.n. (M) KF529588

Stachys fruticulosa M. Bieb. (1) Azerbaijan T. Heideman s.n. 22.04.1936 (O) KF529592

Stachys fruticulosa (2) (= S. araxina Kopell.) Turkey M. Nydegger 46587 (MSB) KF529565

Stachys glutinosa L. Corsica H. Merxmueller and W. Lippert KF529594
31239 (M)

Stachys hildebrandtii Vatke Ethiopia O. Ryding et al. 2215 (UPS) KF529599

Stachys inflata Benth. Iran Y. Salmaki 35910 (TUH) KF529601

Stachys inflata subsp. caucasica (Stschegl.) Takht. | Iran Y. Salmaki et al. 39838 (TUH) KF529637

(=Stachys schtschegleevii Sosn. ex Grossh.)

Stachys kermanshahensis Rech.f. Iran Y. Salmaki and S. Zarre 36522 KF529603
TUH

Stachys kurdica Boiss. & Hohen. Iran g( Sa)lmaki and S. Zarre 36513 KF529605
TUH

Stachys kurdica subsp. kurdica (= S. ballotiformis | Iran g( Sa)lmaki and S. Zarre 35877 KF529604

Vatke) (TUH)

Stachys lamarckii Benth. South Africa P. H. Clcoks 18973 (M) KF529606

Stachys lavandulifolia Vahl (1) Iran Y. Salmaki 36521 (TUH) KF529609

Stachys lavandulifolia (2) Iran J. S. Andersen and A.G. Jensen KF529610
7032 (C)

Stachys maritima Gouan Romania 1. Gergely 3362 (US) KF529612

Stachys megalodonta Hausskn. & Bornm. Iran Y. Salmaki and S. Zarre 25190 KF529613
(TUH)

Stachys melampyroides Hand.-Mazz.* Iran Veiskarami 23907 (TUH) OR536575

Stachys menthoides Kotschy and Boiss. Turkey Duncan and Tait 191 (M) KF529615

Stachys mucronata Sieber ex Spreng. Greece R. Ulrich 1990 (M) KF529618

Stachys natalensis Hochst. Swaziland O. Ryding 2332 (UPS) KF529619

Stachys neurocalycina Boiss. Palestine A. Damin and U. Plitmann 13511 KF529621
MSB

Stachys nephrophylla Rech.f. Iraq f( H.) Rechinger 11250 (WU) KF529620
(Typus)

Stachys nigricans Benth. Swaziland O. Ryding 2347 (UPS) KF529622

Stachys ocymastrum (L.) Brig. Spain P. Garin 17388 (MSB) KF529623

Stachys rupestris Montbret & Aucher ex Benth Turkey M. Nydegger 42299 (MSB) KF529633

Stachys setifera subsp. setifera (= Stachys setifera | Iran Y. Salmaki and S. Zarre 36502 KF529636

subsp. iranica (Rech.f.) Rech.f.) (TUH)

Stachys spruneri Boiss. Greece, Attikis A. Strid. et al. 26691 (C) KF529640

Stachys subaphylla Rech.f. Iran Y. Salmaki et al. 36868 (TUH) KF529641

Stachys sylvatica L. Border Italy/France M. Bendiksby and A. Tribsch 06— KF529643
011 (O

Stachys tetragona Boiss. & Heldr. Greece D. P?\it?Js 3990 (M) KF529646

Stachys trinervis Aitch. and Hemsl. Iran Y. Salmaki and S. Zarre 36765 KF529647
TUH

Stachys turcomanica Trautv. (1) Iran g( Sal)maki et al. 38080 (TUH) KF529649

Stachys turcomanica (2) Iran Y. Salmaki et al. 38080 (TUH) KF529650

Stachys yemenensis Hedge Yemen M. Thulin et al. 8165 (UPS) KF529651

Stenogyne bifida Hillebr. Hawaii V. Albert et al. HI03-32 (O) KF529652

Suzukia luchuensis Kudd Japan S. Tawada and S. Hatusima KF529654
18179 (US)

Suzukia shikikunensis Kudo Taiwan C-C. Liao et al. 564 (A) KF529655

Thuspeinanta brahuica (Boiss.) Brig. Iran K. H. and F. Rechinger 4701 KF529656
us

Thuspeinanta persica (Boiss.) Brig. Iraq f( I—)| Rechinger 9604 (S) KF529657
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Figure 2. The consensus tree inferred from Bayesian analysis based on nrITS. The phylogenetic placement of 12
subclades of Eurystachys and all Olisia’s subclade were reconstructed and distinguished with different colors. Stachys
sect. Satureoides is demonstrated in the blue box. All studied annual species in the present study are marked with an

asterisk. Posterior probability values > 0.9 and bootstrap values > 50% are reported above and below branches,
respectively.
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Figure 3. Distribution of S. melampyroides (m) and S. neurocalycina (e).
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