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Phylogenetic analysis of Chaenorhinum, Kickxia and Nanorrhinum with
focus on taxa in the Flora Iranica region, based on nuclear ribosomal
(ITS) sequence
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Abstract

Ami and Background: Antirrhineae is a large tribe within Plantaginaceae that some genera of this tribe have
undergone significant taxonomic changes in recent years, many of which have yet to be assessed by detailed
phylogenetic analyses, including Kickxia, Nanorrhinum and Chaenorhinum.

Material and Methods: To examine the monophyly, relationships, and rank of Kickxia, Nanorrhinum, and
Chaenorhinum, a phylogenetic analysis of ITS sequence data was conducted, with special focus on the Flora Iranica
region. Representatives of Kickxia s.l., Anarrhinum, Chaenorhinum, some additional genera of Antirrhineae, and
several outgroup taxa from Plantaginaceae were sampled. Phylogenetic analyses were conducted using Bayesian
inference and maximum Parsimony.

Results: Our results showed that the monophyletic genus of Chaenorhinum can be subdivided into Chaenorhinum
and Microrrhinum, partially matching two of the currently recognized sections of the genus. Albraunia and
Holzneria are nested within the Chaenorhinum clade and should not be recognized as distinct genera. In
monophyletic genus of Kickxia two clades corresponding to sect. Kickxia and sect. Valvatae were also highly
supported. Our data, when combined with all other available evidence, support recognition of the clade comprising
Kickxia sect. Valvatae at the genus level, as Nanorrhinum. Based on this result, four names are here transferred to
Nanorrhinum.

Conclusion: Although sampling strategy in this study provided strong evidence for the delimitation of studied
genera, but obtained results showed that increased tax on sampling as well as additional markers is still necessary for
further subdivisions of these genera.
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4l 291 &o2x Joxo Sl @ glewSlSosled 5L s
oS
095 392
Chelone glabra L. USA, Massachusetts - 1779237 (UC) HQ652976
Che. lyonii Pursh - J. Nelson 131 (OKL) AF375163
Che. obligua L. - C. Wolfe 586 (OS) AF375164
Globularia repens Lam. USA, Connecticut - S.N. AY492105
G. salicina Lam. England (cultivated) M. Chase 2547 (K) AF313039
G. trichosantha Fisch. & C.A. Mey.  Germany, Berlin Cultivated s.n. (B) AY591287
Tetranema mexicanum Benth. - C. Wolf s.n. (OS) AF375151
T. roseum (M. Martens & Galeotti) USA, Connecticut - S.N. AY492121
Standl. & Steyerm a
Veronica chamaedryoides Bory & - D. Albach 393 (WU) AY673611
Chaub.
V. krumovii (Peev) Peev - D. Albach 484 (WU) AY673612
V. vindobonensis (M. A. Fisch.) M. Austria, Vienna M. Fischer s.n. (WU) AY673614
A. Fisch.
03,5 (19°
Lafuentea
Lafuentea rotundifolia Lag. Spain M. Ortega 889 (SALA) AF509816
Linaria
Linaria algarviana Chav. Portugal, Algarve J. Fdez Casas FC2202 (M) KT031854
etal.
L. caesia DC. ex Chav. Spain AS. 13632 (M) KT031853
Zubizarreta
L. chalepensis (L.) Mill. a Iran, Tehran J. Vaezi 19266 (TUH) KT031855
L. cretacea Fisch. ex Spreng. Russia, Belgorod V. Gladkova 5845 (M) KT031851
& T. Leonova
L. decipiens Batt. Algeria, Wilaya Tizi A. Dubuis 17414 (M) KT031852
Ouzou
L. triornithophora (L.) Cav. _ _ 617622 (MA) AY731248
L. unaiensis Patzak Afghanistan D. Podlech 18807 (MSB) KT031850
Chaennorhinum
Sect. Chaenorhinum
Chaenorhinum glareosum (Boiss.) Spain, Prov. Granada J.M.Losa 14440 (MSB) KT031893
Willk. Quintana
Ch. grandiflorum (Coss.) Willk. Spain, Almeria R.W. 18415 (MSB) KT031889
Rutherford &
S.L. Jury
Ch. origanifolium (L.) Fourr. Germany, Bayern Th. Schauer s.n. (M) KT031882
Ch. raveyi Boiss. Spain, Prov. Granada E. Bayeretal. BG195 (M) KT031885
Ch. robustum Loscos Spain, Vadocondes A.S. 24.261 (M) KT031884
(Burgos) Zubizarreta
Ch. rubrifolium (Robill. & Castagne Spain, Prov. Huesca  P. Monteserrat JACA112388 KT031886
DC.) Fourr. (M)
Ch. villosum Lange Morocco, Prov. W. Lippert 24626 (M) KT031881
Boulemane
Sect. Microrrhinum
Albraunia foveopilosa Speta Iran, Andimeshk S. Mobayen 25738 (TUH) KTO031917
Ch. johnstonii (Stapf) Pennell Afghanistan, Prov. O. Anders 8908 (MSB) KT031890
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Paktia
Ch. minus (L.) Lange Germany, Dusseldorf L. & W. 7002 (M) KT031888
Dietrich
Ch. pterosporum Lange Yugoslavia, Dalmatia A. Polayschek  s.n. (M) KT031883
Ch. tuberculatum Speta Afghanistan, Prov. D. Podlech s.n. (MSB) KT031887
Ghazni
Holzneria spicata (Korovin) Spetaa  Afghanistan, Prov. D. Podlech 30964 (MSB) KT031891
Balkh
H. spicata b Iran, Khorasan 23577 (TARI) AY731258
Anarrhinum
Anarrhinum bellidifolium (L.) Natural Botanical - 145150 (VAL)  AY731263
Willd.  Garden of Dublin
A. corsicum Jordan & Fourr.  France, Corsica D. Podlech 47340 (A) AF513881
Kickxia s.l.
Nanorrhinum
Nanorrhinum acerbianum (Boiss.) Jordan, Wadi Quelt W. Lang s.n. (M) KT031894
Betsche
N. cabulicum (Benth.) Podlech & Afghanistan, Kunar D. Podlech 20358 (MSB) KT031916
Iranshahr
Kickxia judaica Danin Jordan, Wadi EI- A. Liston 7-85-316/7 (M)  KT031907
Auja
N. macilentum (Decne.) Betsche Egypt, Sinai D. Podlech 49679 (MSB) KT031908
K. petrana Danin Jordan/Edom I. Kiihne 3713 (M) KT031909
N. ramosissimum  (Wall.) Pakistan, Indus J. Roelt s.n. (MSB) KT031904
Betsche Valley
K. sagittata (Poir.) Rothm. Morocco, Cap Rhir T. Hagen 100 (M) KT031902
K. scariosepala Tackh. & Boulos Egypt, Sinai D. Breckle 3926 (MSB) KT031911
K. scoparia (Brouss. ex Spreng.) Spain, Canary E. Vitek 08-0015 (MSB) KT031903
G.Kunkel & Sunding Islands
K. urbani (Pit.) K. Larsen Spain, Gran Canaria, G. Kunkel 12302 (M) KT031915
Kickxia s.s.
K. aegyptiaca Nabelek subsp. Tunisia, Dakar W. Hiilbig s.n. (M) KT031905
aegyptiaca mountains
K. caucasica (Muss. Puschk. ex Georgia, Abchazia AK. s.n. (M) KT031895
Spreng.) Kuprian. Skvortsov
K. cirrhosa Fritsch Italy, Cagliari G. Dutarte 19518 (MSB) KT031896
K. commutata (Rchb.) Fritsh subsp. France, Barcaggio G. Dutartre 19519 (MSB) KT031897
commutata
K. elatine (L.) Dumort. subsp. Germany, Bayern F. Schuhwerk  06/280 (M) KT031898
elatine
K. elatine subsp. crinita Turkey, Antalya W. Lang s.n. (M) KT031899
K. floribunda (Boiss.) Tackholm & Egypt, Negev K. Thielburger s.n. (M) KT031900
Boulos
K. lanigera Hand-Mazz. Morocco, Prov. Er D. Podlech 51006 (MSB) KT031906
Rachidia
K. sieberi Dorfl. Greece, Dodekanes H. Kalheber 98-844 (M) KT031912
K. spuria (L.) Dumort. subsp. Spain, Huesca I. Aizpuru 19521 (MSB) KTO031913
integrifolia (Brot.) R.Fernandes
K. spuria subsp. spuria Germany, Bayern E. Duerr s.n. (M) KT031914
Antirrhinum
Antirrhinum graniticum Rothm. Spain, Madrid - 99540 (VAL) AY731283
Misopates
Misopates orontium (L.) Raf. - R.K. Oyama 49 (A) AF513889

Schweinfurthia
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Schweinfurthia pedicellata Benth. & Socotra - 99213 (E) AYT731256
Hook. f.

S. imbricata A. G. Mill., M. Short & Oman, Wadi Bed - 99215 (E) AY731254
D. A. Sutton

Cymbalaria

Cymbalaria muralis G. Gaertn., B. - R. Nyffeler s.n. (M) AF513883
Mey. & Scherb.

Mohavea

Mohavea breviflora Coville - - 57521 (UTEP)  AY878937
M. confertiflora A. Heller - - 57522 (UTEP)  AY878935

Sloas eols Hlis puses g0 0 adllas (pl 0 sal 0 sla g5 55 SSb awbis *

Kickxia s.l. 05, 5l ais8 YV IS job a4 .ol oolaiu] 3,00 DNA slo Jlg as Cuz wwoin sbodisS Sy
Joas F o4 Kickxia ss. 5l 48 VWY el Al 5l sleos pu 51 (4lo paiges a8, S 1,8 (g ls paiges
31 ass VY Anarrhinum 51 468 Y «(Nanorrhinum L8S Syge olpl oMe 4l o Antirrhineae
awlb o oo A 5l asS VA 5 Chaenorhinum 5 Tetranema Chelone Veronica sleos w3l SEaxles
o5 SSb sl L g ol DNA 15wl gl Antirrhineae Sl cpl wal ol 09,5 9 olese 4 Globularia
Cand ¥ Jgaz 0 ooliiwl 0,50 slo,55le] sl cils 2B 5850 (V) i) Sen 5 FUT lllas ulul 5

Kloads sl sogigm, Jlo 5l ( Jese Slllas ploul sl

@illlhe Sy50 05,5 5 (ITS1-5.85 rDNA-ITS2) ITS

alllas ol yo oolinul 550 sla, 55T JIsi =Y Jsu

) Sy &b
a
‘ o
ITS Leul GTC CACTGA (¥0)
ACC TTATCA
TTT AG
ITS2 GCT GCG TTC (¥A)
TTC ATC GAT
GC
ITS3 GCA TCG (YA)
ATG AAG
AAC GCAGC
ITS4 TCC TCCGCT (¥A)
TAT TGA TAT
GC

Jsloee ¥ Jga> (3llas g plxil (Macherey-Nagel, Diren, Germany) NucleoSpin c.s' L i Sy 5l DNA 1 sl
g lyendy (glo s 25Ty
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ITS
Primer forward 0.1
Primer reverse 0.1
10XTP buffer“neu” 5
10XTP buffer -
dNTPs (2.0 Mm) 4
Tagq DNA Polymerase 1
DNA template 1
BdH20 35.8
BSA 0.5
DMSO 2.5

wloads &l F Jgaz 45 clais Slahd 1,555 gz a8, LIS 4 PCR (slaasl

(F+) s Oladad 0S5 gz a2k slaasl - Jgu

S S N 19
:} ﬁ 3 ’b 3
3 3 K
9 9
o
3
Taq Polymerase
ITS 5 min, 40° 30 S, 30S, 1 10
94 °C C 94°C 54 °C min, min,
72°C 72°C
Phusion Polymerase
ITS 1 min, 35 30 S, 1 min, 1 10
98 °C C 98°C 535°C min, min,
72°C 72°C
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