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Stachys vuralii Yildiz, Dirmenci & Akgicek (Lamiaceae), a new species of the sec-
tion Eriostomum is described from north Anatolia, Turkey. Detailed illustrations and
taxonomic comments are provided along with a table listing the differential characters
to the closely related S. byzantina and S. thirkei. Delimitations towards S. byzantina
and S. thirkei and existence of putative hybrids are discussed. A phylogenetic analysis
using ITS of nuclear ribosomal DNA confirmed the status of S. vuralii as a distinct
species. The geographical location of S. vuralii is also presented.

With ca. 300 taxa, Stachys is among the largest
genera of Lamiaceae. This cosmopolitan genus
is centered in the warm temperate regions of the
Mediterranean and SW Asia, with secondary
centers in North and South America and south-
ern Africa. The majority of the species grow
in rocky places, mainly on limestone and other
basic rocks (Bhattacharjee 1974, 1980, Harley et
al.2004).

In Turkey, 82 species (107 taxa) are found
representing two subgenera and 15 sections.
Fifty-one (48%) of these taxa are endemic to
Turkey, mostly constituting part of the East Med-
iterranean floristic elements. After the generic
revision by Bhattacharjee (1982), 12 new taxa
have been described from Turkey (Bhattachar-
jee 1974, 1980, Davis et al. 1988, Yildiz & Tan

1988, Gemici & Leblebici 1988, Siimbiil 1990,
Duman 2000, Ding & Dogan 2006, Ilgim et al.
2008, Dagkin et al. 2009, Akgicek 2010).
Although various features, including pollen
morphology, can be used for differentiating
some Stachys taxa (Salmaki et al. 2008), utiliza-
tion of ITS phylogeny in plants has been effec-
tive (Baldwin e al. 1995, Alvarez & Wendel
2003) and it has been used for Lamiaceae in
multiple reports (e.g. Steane et al. 1999, Prather
et al. 2002, Brauchler et al. 2010, Dirmenci et al.
2010). In this study, we utilized ITS phylogeny
along with morphological and karyological anal-
yses to assess the taxonomic position of an uni-
dentified specimen. Combined results suggested
it was a new species in the genus Stachys, sect.
Eriostomum. A comprehensive revision involv-
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ing morphology and ITS phylogeny of Stachys
sect. Eriostomum completed by us (unpubl. data)
further confirmed these results.

Material and methods
Specimen collection

During an expedition to north Anatolia in the
context of a revisionary study of Stachys sect.
Eriostomum in August 2007, some unusual spec-
imens of Stachys were collected in the Bartin
province (Fig. 1). The specimens were examined
using relevant literature (Koch 1848, Ball 1968,
Knorring 1977, Bhattacharjee 1982, Rechinger
1982, Davis et al. 1988, Baden 1991, Duman
2000). Extensive herbarium studies were per-
formed on relevant specimens collected previ-
ously from Turkey and the adjacent countries
in addition to specimens housed in the herbaria
ANK, AEF, BM, E, EGE, G, HUB, ISTE, ISTF,
K, W, and WU. As a result, the Bartin specimens
were confirmed to represent a new species with
morphological affinities to S. byzantina and S.
thirkei.

Chromosome analysis

Cytological observations on S. vuralii, S. byz-
antina and S. thirkei were made on mitotic
metaphase cells of root tips obtained from ger-
minating seeds. Root tips were pre-treated for

16 h in a-monobromonaphthalene at 4 °C and
washed and fixed in Carnoy solution (3:1 abso-
lute ethanol:glacial acetic acid) overnight. The
root tips were hydrolyzed for 10 min in 1 N HCl
at room temperature, washed with distilled water
and stained in 2% aceto-orcein for 2 h. Stained
root tips were then squashed in a drop of 45%
acetic acid and permanent slides were made by
mounting in Depex.

Genomic DNA isolation, PCR and
sequencing

Total genomic DNA isolation was performed
using Plant DNeasy kit (Qiagen GmbH, Hilden,
Germany). PCR was run using the published ITS
primers (White et al. 1990, Sang et al. 1995)
with the following protocol in a Thermo Px2
Thermal Cycler (Thermo, U.S.A.): 5 min 95 °C
initial denaturation, 35 cycles of 30 s 94 °C
denaturation, 30 s 50 °C annealing and 1 min
72 °C extension, followed by a 10 min final
extension at 72 °C. The primers used to amplify
the ITS regions were also used for sequencing
at RefGen Inc. (Ankara, Turkey) using an ABI
3130XL Genetic Anaylzer (Applied Biosystems,
Fostercity, CA) with a BigDye Cycle Sequenc-
ing kit (Applied Biosystems, Fostercity, CA).
ITS sequences were generated in two independ-
ent sequencing reactions for each of the trip-
licates sampled for each species. No sequence
divergence was observed within species, thus
only one representative sequence of each species
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was included in the phylogenetic analysis. The
vouchers used for the genomic DNA extraction
are as follows: S. byzantina (EA 4658, herb.
Akeicek), S. thirkei (EA 5209, herb. Akgicek), S.
vuralii (BY 16353, herb. Dirmenci).

Phylogenetic analysis

Alingment of the ITS sequences was generated
using BioEdit (Hall 1999). ITS sequences of S.
byzantina and S. thirkei were also searched with
the BLAST program (Altschul ez al. 1990) in the
non-redundant nucleotide database of GenBank
(NCBI), and the two most similar taxa to each
were picked along with other (Sideritis) simi-
lar hits to construct a phylogenetic tree, which
was inferred with the Neighbor-joining method
(Saitou & Nei 1987) and constructed with
MEGA4 software (Tamura et al. 2007). Stachys
germanica subsp. heldreichii and S. tmolea both
morphologically less similar to S. vuralii than
S. byzantina and S. thirkei were included in the
phylogenetic tree and sequence comparison.

Results

Stachys vuralii Yildiz, Dirmenci & Akgicek,
sp. nova (sect. Eriostomum) (Fig. 2)

Species Stachys byzantinae affinis, sed ab foliis
oblongis versus ellipticis et discoloris (non
oblonge-spathulatis versus lanceolatis et con-
coloris), rugosis, basi rotundatis ad subcordatis
(non attenuatis vel raro rotundatis) calycis 5.5—8
mm longis (non 8—10 mm longis), calycis dentis
valde recurvus et dense glandulosis (non erectis
ad leviter recurvus et glandulosis vel raro spar-
sim glandulosis) differt.

HovrotypE: Turkey. A4 Bartin: Road from Bartin to Cide,
3 km W of Kurucasile, 41°50712"°N, 32°42°10”E, 100 m,
Pinus brutia forest clearings, growing in calcareous gravel
along roadside. 41°50°N, 32°42°E, 100 m, 4.VII1.2007 Yildiz
16553, Dirmenci & Brduchler (holotype GAZI; isotypes C,
EGE, G, HUB, ISTE, K, M, W, herb. Briuchler).

Pararype: A4 Kastamonu: Road from Cide to Sinop,
just W of Doganyol. 42°00721""N, 33°27°33”°E, 50 m. Cide,
Doganyol, Pinus brutia forest clearings, 50 m, 5.VII1.2007
Yildiz 16556, Dirmenci & Brduchler (herb. Dirmenci, M and
herb. Briuchler keep isotypes and paratypes as well).

EtymoLoGy: This species is named in honour of the emi-
nent Turkish botanist Prof. Dr. Mecit Vural who is an expert
of conservation biology of endemic plants in Turkey.

Perennial mesophytic herb, many-stemmed
from base. Flowering stems 30-100 cm, usu-
ally branched above, rarely simple, densely
adpressed tomentose to adpressed lanate-villous.
Leaves 5-8 pairs per stem, 2-7 x 0.7-3 cm,
oblong to broadly elliptic, diminishing from base
to inflorescence, discolored, greenish and shortly
sericeous-tomentose above; white floccose-
tomentose beneath, crenulate, obtuse, rarely
acute, rounded to subcordate at base, usually
with 0.5-2.5 cm long petiole, except upper-
most. Floral leaves sessile, lanceolate to linear,
lower 1-3 times longer than verticillasters,
upper shorter than verticillasters. Verticillasters
(2-)3-9, lower ones distant to 2.5 cm, upper-
most (2-3) usually congested, (8-)10-18 flow-
ered. Bracteoles lanceolate to linear lanceolate,
2.5-5 mm, as long as or shorter than calyx tube,
tip not spinescent, densely villose, sparsely glan-
dular hairy. Pedicels 0.5-1.5 mm. Calyx 5.5-8
mm, sub-bilabiate, subcampanulate, densely vil-
lose and glandular papillate with sessile glands;
mouth densely long villose; teeth 1.5-2.5 mm,
triangular-lanceolate, 1/3—-1/4 x tube, strongly
recurved at and after anthesis, densely glandular
papillate, tip spinescent. Corolla 10-12 mm,
purplish-pink, tube slightly exserted from calyx,
upper lip densely sericeous-tomentose outside,
hairs longer than lip, lower lip 3-lobed, middle
lobe much larger than lateral lobes; style not
exceeding upper lip, glabrous, 2-lobed, lobes
unequal; stamens 4, included in corolla; fila-
ments villose towards thecae. Nutlets broadly
obovate to + rounded, faintly trigonous, 2-2.2 x
1.5-1.8 mm, slightly winged near base, glabrous,
slightly tuberculate at apex, blackish-brown at
maturity. Flowering and fruiting July—August.

DISTRIBUTION AND HABITAT ECOLOGY: Stachys
vuralii is endemic to Bartin province (Fig. 1),
north Anatolia, belonging in the Euro-Siberian
element. It grows in Pinus brutia forest clearings
at 100-230 m where a mixture of Euro-Siberian
and Mediterranean elements is present. Stachys
vuralii was growing with Clinopodium nepeta
subsp. glandulosum, Cistus creticus, Arbutus sp.,
Rubus sp., Sideritis sp. and Pteridium aquilinum.
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KaryoroGy: Stachys byzantina (Fig. 3a), S.
vuralii (Fig. 3b) and S. thirkei (Fig. 3c) have the
somatic chromosome number (2n) of 30, suggest-
ing the basic chromosome number (x) to be 15.

PHYLOGENETIC ANALYSIS AND DNA SEQUENCE
COMPARISON: As can be seen from the DNA (ITS)
sequence comparison (Fig. 4), S. vuralii dif-
fered from S. byzantina and S. thirkei in eight
and nine nucleotides, respectively. BLAST
search results revealed that the most similar two
GenBank records for S. byzantina (this study)
were Sideritis glauca (gi15429097) and Sideri-

2mm

2mm

1cm

Fig. 2. Stachys vuralii
(from the holotype). — a:
Habit. — b: Cauline leaf.
— c¢: Calyx. — d: Corolla.
— e: Bracteole. — f:
Nutlet. — g: Stachys byz-
antina, cauline leaf.

tis algarviensis (gi15429090), while Sideritis
tragoriganum (gi15429106) and Sideritis mur-
getana (gi15429103) were the most similar to
Stachys vuralii. Likewise, the most similar two
GenBank records for Stachys thirkei (this study)
were Stachys hirta (gi15429110) and Sideritis
discolor (gi114796956). Hence the BLAST anal-
ysis revealed that Stachys vuralii was distinct.
A phylogenetic analysis using all of the above-
mentioned taxa along with Phlomis lychnitis
(gi61098615) as an outgroup further confirmed
the result (Fig. 4).
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Fig. 3. Somatic metaphase chromosomes. — a: Stachys byzam‘ma 2n=2x=30. — b: Stachys vuralii 2n = 2x =
30. — c: Stachys thirkei 2n = 2x = 30.
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Table 1. Morphological comparison of Stachys vuralii, S. byzantina and S. thirkei.

Characters

S. vuralii

S. byzantina

S. thirkei

Stem indumentum

Leaf shape
colour
indumentum
base

Floral leaves

Calyx lenghth (mm)
indumentum

teeth

Corolla length (mm)

densely adpressed
tomentose to adpressed
lanate-villous

oblong to broadly elliptic

discolourous

shortly sericeous
tomentose above, white
floccose-tomentose below
rounded to + cordate

ovate to lanceolate, green

5.5-8

densely villous with
glandular papillate
1/4-1/3 x tube, strongly
recurved in flowering and
fruiting time, densely
glandular papillate

10-12

densely lanate-villous to
floccose-tomentose

oblong-sphatulate to broadly
lanceolate

concolourous

densely sericeous tomentose
to arachnoid on both surface

attenuate or rarely rounded
at base
lanceolate, green

8-10

lanate-tomentose, eglandular
or a few glandular

1/4-1/3 x tube, erect to
slightly recurved, eglandular
or a few glandular papillate

12-14

densely grey tomentose to
sparsely tomentose

oblong spathulate to broadly
lanceolate

concolourous
grey-tomentose to sparsely
tomentose above, densely
tomentose below

attenuate

ovate, generally purplish at
base

8.5-12

densely villose, glandular
papillate

1/3—1/2 x tube, reflexed to
clearly recurved in fruiting
time, a few to many glandular
papillate

12-15(-17.5)

ADDITIONAL SPECIMENS EXAMINED: — Stachys byzantina:
Turkey. Bilecik: Akgicek 4658 & Dirmenci (herb. Akgicek).
Zonguldak: Davis 37852, Coode & Yaltirik s.n. (E, K).
Kastamonu: Davis 25057 & Polunin (ANK, BM, K), Davis
21781b (K), Jenkins 2201 (BM), Huber-Morath 8392 (G),
B. Yildiz 16574 & Dirmenci (herb. Dirmenci), Davis 38651,
Coode & Yaltirik (E). Sinop: B. Yildiz 16572 & Dirmenci
(herb. Dirmenci), A. Dénmez 3687, H. Sagban & A. Kahra-
man (W). Trabzon: T. Baytop (ISTE-14264). Konya: Bornm.
5453 (G,K, W), Huber-Morath 8392 (G). Iran. Mazanderan:
Rechinger f. 1993 (BM, K, W), K.H. Rechinger 52400 (G),
Wendelbo 1108 (E, W), N. Lindsay 1170 (BM, K). Gorgan:
Edmondson 702 (E, K, W), Furse 7283 (K), Furse 2848
(E). Gilan: K. H. Rechinger 43363 (K, W). Otsan: Schmid
6392 (W). Azerbaijan. Kaleybar: Lamond 4807 (E, W).
— Stachys thirkei: Croatia. E. A. Mennega & W. G. Drie-
huis 35, 42 (E). Turkey. Istanbul: A. Baytop (ISTE-15557)
(W), A. Berk & T. Baytop, (ISTE 3883) (herb. Akgicek),
Akgicek 5075 & Dirmenci (herb. Akgicek), 7.VIL.1902 G.
V. Aznavour s.n. (G). Canakkale: Akgicek 4541 & Dirmenci
(herb. Akgicek). Bursa: Bornm. 5451 (W), Akgicek 5214 &
Dirmenci (herb. Akgicek). Bithynia: 26.V.1899 Bornm. s.n.
(K), Akcicek 5209 & Dirmenci (herb. Akgicek). Kocaeli:
Huber-Morath 17245 (G). Bolu: Davis 37129 & Coode (K),
Wagenitz & Beug 246 (W). Diizce: Asli Dogru Koca 1673
(G). Cankurt: E. Erdogan 1016 & S. Selvi (herb. Akgicek).
Karabiik: M. Demirors 1583 (ANK). Balikesir: A. Baytop
& T. Avergil (ISTE 13712) (ISTE). Kiitahya: Akcicek 5210
& Dirmenci (herb. Akcicek). — Stachys byzantina x S.
vuralii (putative hybrid): Turkey. Zonguldak: Davis 38839
& Coode (E, K).

Discussion

Stachys vuralii resembles S. byzantina and S.
thirkei, but differs from both in several charac-
ters (Table 1). Bhattacharjee (1982) indicated
a specimen (Davis 38839) of Stachys collected
from the Zonguldak province as a potential
hybrid involving S. byzantina. Investigation of
the specimen revealed that it is similar to S.
vuralii by its +cordate leaf base, rugose leaf
surface and discoloration, while it resembles S.
byzantina in having a densely lanate-villose to
floccose tomentum on the stem, leaves and inflo-
rescence, and +congested verticillasters. Also, no
pollen or seeds in the Zonguldak specimen from
the Davis collection were observed. The collec-
tion might represent a hybrid or intermediate of
S.vuralii and S. byzantina.

A karyological analysis (revealing a basic
chromosome number x = 15 for S. thirkei, S.
byzantina and S. vuralii) did not differentiate
these taxa. A phylogenetic analysis and DNA
(ITS) sequence comparison of S. vuralii with S.
byzantina and S. thirkei along with other species
(including S. hirta, S. germanica and S. tmolea),
however, clearly supported S. vuralii as a distinct
species (Fig. 4).



ANN.BOT.FENNICI Vol.48 -

Stachys vuralii, a new species from Turkey 407

Acknowledgements

We thank the following: the curators of Turkish herbaria,
BM, E, K, G, W, and WU for giving permissions to examine
specimens; and TUBITAK-TBAG (project no. 106T489)
and the European Community for financial support to T.
Dirmenci and E. Akgicek under the FP6 “Structuring the
European Research Area” Programme (Synthesys project
GB-TAF-3087 and GB-TAF 4797).

References

Akgigek, E. 2010: A new subspecies of Stachys cretica (sec-
tion Eriostomum, Lamiaceae) from Turkey. — Turk. J.
Bot.32: 113-121.

Altschul, S. F., Gish, W., Miller, W., Meyers, E. W. &
Lipman, D. J. 1990: Basic local alignment search tool.
— J. Mol. Biol. 215: 403-410.

Alvarez, I. & Wende, J. F. 2003: Ribosomal ITS sequences
and plant phylogenetic inference. — Mol. Phylogenet.
Evol.29: 417-434.

Baden, C. 1991: Stachys L. — In: Strid, A. & Tan, K. (eds.),
Mountain flora of Greece 2: 97-107. Edinburgh Univ.
Press, Edinburgh.

Ball, P. W. 1968: Stachys L. — In: Tutin, G. T., Heywood,
V. H., Burges, N. A., Valentine, D. H., Walter, S. M. &
Webb, D. A. (eds.), Flora Europaea 3: 151-157. Cam-
bridge Univ. Press, Cambridge.

Baldwin, B. G., Sanderson, M. J., Porter, J. M., Wojcie-
chowski, M. F., Campbell, C. S. & Donoghue, M. J.
1995: The ITS region of nuclear ribosomal DNA: a
valuable source of evidence on angiosperm phylogeny.
— Ann. Missouri Bot. Garden 82: 247-277.

Bhattacharjee, R. 1974: Taxonomic studies in Stachys I: New
species and infra-specific taxa from Turkey. — Notes
Royal Bot. Garden Edinburgh 33: 275-292.

Bhattacharjee, R. 1980: Taxonomic studies in Stachys 1I: A
new infrageneric classification of Stachys L. — Notes
Royal Bot. Garden Edinburgh 38: 65-96.

Bhattacharjee, R. 1982: Stachys L. — In: Davis, P. H. (ed.),
Flora of Turkey and the East Agean Islands 7: 199-262.
Edinburgh Univ. Press, Edinburgh.

Briuchler, C., Meimberg, H. & Heubl, G. 2010: Molecu-
lar phylogeny of Menthinae (Lamiaceae, Nepetoideae,
Mentheae). Taxonomy, biogeography and conflicts. —
Mol. Phylogenet. Evol. 55: 501-523.

Dagkin, R., Yilmaz, 0. & Kaynak, G. 2009: Stachys ket-
enoglui sp. nov. (sect. Infrarosularis) (Labiatae/Lam-
iaceae) from south Anatolia, Turkey. — Nordic J. Bot.
27:238-242.

Davis, P. H., Mill, R. & Tan, K. (eds.) 1988: Flora of Turkey
and East Aegean Island, vol. 10 (suppl. 1): 204-206.
Edinburgh Univ. Press, Edinburgh.

Din¢, M. & Dogan, H. H. 2006: Stachys yildirimlii (Lam-
iaceae), a new species from south Anatolia, Turkey. —
Ann. Bot. Fennici 43: 143—147.

Dirmenci, T., Dundar, E., Deniz, G., Arabaci, T., Martin, E.
& Jamzad, Z. 2010: Morphological, karyological and

phylogenetic evaluation of Cyclotrichium: a piece in the
tribe Mentheae puzzle. — Turkish J. Bot. 34: 159—170.

Duman, H. 2000: Stachys L. — In: Giiner, A., Ozhatay, N.,
Ekim, T. & Bager, K. H. C. (eds.), Flora of Turkey and
East Aegean Islands, vol. 11 (suppl. 2): 204-206. Edin-
burgh Univ. Press, Edinburgh.

Felsenstein, J. 1985: Confidence limits on phylogenies: An
approach using the bootstrap. — Evolution 39: 783-791.

Gemici, Y. & Leblebici, E. 1998: A new species from South-
ern Anatolia: Stachys cydni Kotschy ex Gemici & Leb-
lebici. — Turkish J. Bot. 22: 359-362.

Hall, T. A. 1999: BioEdit: a user-friendly biological sequence
alignment editor and analyses program for Windows
95/98/NT. — Nucleic Acids Symp. Ser. 41: 95-98.

Harley, R. M., Atkins, S., Budantsev, A., Cantino, P. D.,
Conn, B., Grayer, R. J., Harley, M. M., De Kok, R.,
Krestovskaja, T., Morales, A., Paton, A. J., Ryding, O.
& Upson, T. 2004: Labiatae. — In: Kadereit, J. W. (ed.),
The families and genera of vascular plants 6 (Lamiales):
241-242. Springer Verlag, Berlin.

Hgim, A., Cenet, M. & Dadandi, M. Y. 2008: Stachys mar-
ashica (Lamiaceae), a new species from Turkey. — Ann.
Bot. Fennici 45: 151-155.

Koch, K. 1848: Stachys byzantina K. Koch. — Linnaea 21:
686.

Knorring, O. E. 1977: Stachys L. — In: Shishkin, B. K. (ed.),
Flora of the U.S.S.R. XXI:. 141-173. Izdatel’stvo Akad.
Nauk SSSR, Moskva-Leningrad. [Translated from Rus-
sian by Israel Program for Scientific Translation, Jeru-
salem].

Prather, L. A., Monfils, A. K., Posto, A. L., & Williams, R.
A.2002: Monophyly and phylogeny of Monarda (Lam-
iaceae): Evidence from the Internal Transcribed Spacer
(ITS) region of nuclear ribosomal DNA. — Syst. Bot.
27:127-137.

Rechinger, K. H. 1982: Stachys L. — In: Rechinger, K. H.
(ed.), Flora Iranica, Labiatae: 354-396. Akademische
Druck u. Verlagsanstalt, Graz.

Saitou, N. & Nei, M. 1987: The neighbor-joining method:
A new method for reconstructing phylogenetic trees. —
Mol. Biol. Evol. 4: 406-425.

Salmaki, Y., Zarre, S. & Jamzad, Z. 2008: Nutlet micromor-
phology and its systematic implication in Stachys L.
(Lamiaceae) in Iran. — Feddes Repert. 119:607-621.

Sang, T., Crawford, D. J. & Stuessy, T. F. 1995: Docu-
mentation of reticulate evolution in peonies (Paeonia)
using internal transcribed spacer sequences of nuclear
ribosomal DNA: Implications for biogeography and
concerted evolution. — Proc. Natl. Acad. Sci. 92: 6813—
6817.

Steane, D. A., Scotland, R. W., Mabberley, D. J. & Olmstead,
R. G. 1999: Molecular systematics of Clerodendrum
(Lamiaceae): ITS sequences and total evidence. — Am.
J. Bot. 86: 98-107.

Stimbiil, H. 1990: Two new species from South Anatolia. —
Turk. J. Bot. 22: 359-362.

Tamura, K., Nei, M. & Kumar, S. 2004: Prospects for infer-
ring very large phylogenies by using the neighbor-join-
ing method. — Proc. Natl. Acad. Sci. 101: 11030-11035.

Tamura, K., Dudley, J., Nei, M. & Kumar, S. 2007: MEGA4:



408

Dirmencietal. + ANN.BOT.FENNICI Vol.48

Molecular evolutionary genetics analysis (MEGA) soft-
ware version 4.0. — Mol. Biol. Evol. 24: 1596-1599.
White, T., Bruns, T., Lee, S., & Taylor, J. 1990: Amplification
and direct sequencing of fungal ribosomal RNA genes
for phylogenetics. — In: Innis, M. A., Gelfand, D. H.,

Sninsky, J. J. & White, T. J. (eds.), PCR Protocols: a
guide to methods and applications: 315-322. Academic
Press Inc., New York.

Yildiz, B. & Tan, K. 1988: Thirteen new species from Turkey.
— Notes Royal Bot. Garden Edinburgh 45: 439-451.

This article is also available in pdf format at http://www.annbot.net



