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Abstract

Nonea (Boraginaceae) with nearly 35 species was divided into four sections based on the shape of mericarpids and the posi-
tion of the anthers in the corolla tube. Although several comprehensive taxonomic studies have been performed on Turkish
and European Nonea taxa, Caucasian ones have not been studied well. Therefore Caucasian Nonea need close attention with
regard to molecular systematics. In this study, 15 Caucasian Nonea including N. cyanocalyx and N. bakuensis were evalu-
ated with ntDNA ITS and cpDNA #rnL-F sequence data using Maximum Parsimony and Bayesian Inference to reconstruct
phylogeny. All examined members of Nonea were grouped at three main clades with weak to good support values based on
nrITS and at two main clades with moderate to good support values based on trnL-F. Both trees did not coincide with the
traditional sub-generic delimitation of Nonea, but nrITS tree supported monophyly of Nonea. On the other hand, Pulmonaria
is deeply nested in Nonea in the trnL-F tree. Moreover, present findings support treating N. cyanocalyx and N. bakuensis as
distinct species rather than subspecies and revealed a preliminary phylogenetic structure of little known Caucasian Nonea.

Keywords: Azerbaijan, Caucasia, Cryptanthera, phylogenetic, systematics

Introduction

Nonea Medik. with nearly 35 species is a genus of the Boraginaceae tribe Boragineae (Selvi et al. 2006). The main
diversity center of the genus is the NE Turkey-Caucasian mountain systems and the Irano-Turanian-Anatolian highlands,
while fewer species occur in Europe and in the Mediterranean (Selvi et al. 2006). The genus was first recognized by
Medicus (1789) based on accrescent fruiting calyx and hairy fornices inserted at the throat of the corolla. After him,
Candolle (1846) divided the genus into four sections based on the shape of mericarpids and the position of the anthers
in the corolla tube (Selvi et al. 2002). However, Candolle’s (1846) sectional treatment was not supported by a recent
molecular study of Selvi et al. (2006). In Selvi et al. (2006), a new monotypic genus Melanortocarya Selvi, Bigazzi,
Hilger & Papini was described based on Nonea obtusifolia (Willd.) DC. and the genus Elizaldia Willk. was transferred
to the genus Nonea. Recently, these two taxonomic entities were confirmed by Chacon et al. (2016).

Nowadays several comprehensive studies (Selvi ef al. 2002; Selvi et al. 2006; Cecchi et al. 2009) were performed
on Turkish and European representatives of Nonea, however the Caucasian ones have been studied mostly floristically
(Kusnezow 1915; Kadyrov 1957; Galushko 1980; Mtzchvetadze 1985; Karimov & Ali-zade 2016). Popov (1953)
treated Nonea with 16 species under the tribe Boragineae Bercht. & J.Presl (=Anchuseae DC.) and followed Candolle’s
(1846) sectional categories in the Flora of the USSR. He also reported close relationships among Pulmonaria L.,
Borago L., Nonea and Brunnera Steven due to erect nutlet which is a rare morphological character in the tribe
Boragineae. Besides these, Popov (1953) paid special attention to N. caspica (Willd.) G. Don. distributed from
Central Asia to Europe and recognized four varieties (var. bakuensis M. Pop., var. diffusa M. Pop., var. picta M. Pop.
and var. turkestanica M. Pop.). He also treated N. pulla (L.) DC. with five varieties (var. rossica (Stev.) M. Pop.,
var. taurica (Ldb.) Kuzn., var. armeniaca Kusn., var. lencoranica Kusn. and var. persica (Boiss.) M. Pop.) and two
races (N. armeniaca-N. lencoranica-N. persica race and N. cyanocalyx-N. voronovii race). Later, Karimov (2016)
recognized N. bakuensis Popov ex V. Karimov and N. cyanocalyx Popov ex V. Karimov as distinct species based on
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the morphological examination of several own collections and herbarium specimens held in LE (Komarov Botanical
Institute of RAS) and BAK (Azerbaijan National Academy of Sciences). However, N. bakuensis and N. cyanocalyx
endemic to Caucasia are not currently listed as accepted species in online portals such as Euro+Med (2006-) and The
Plant List (2010). Therefore, the taxonomical statuses of these two recently re-evaluated taxa need further clarification
among the Caucasian Nonea. Currently, several molecular studies (Selvi et al. 2002; Selvi et al. 2006; Cecchi et al.
2009) successfully improved our taxonomical knowledge of Nonea members except for poorly known Caucasian
representatives. In the present study, we aimed to clarify the phylogeny and taxonomy of poorly known Caucasian
Nomnea species, including recently re-evaluated N. bakuensis and N. cyanocalyx, based on ntDNA ITS and cpDNA
5'trnL(UAA)-trnF spacer (referred to as trnl-F) data.

Materials and methods

Taxon Sampling

Multiple sampling was used for each taxon whenever possible to observe the intraspecific DNA sequence variation.
Eleven Caucasian Nonea taxa from 25 individuals were sequenced for the first time with respect to nrITS and trnL-
F. A total of 60 sequences were generated from 15 Nonea taxa. All specimens were collected from Azerbaijan and
Nakhchivan between 2008 and 2016 by the second author. Detailed information of vouchers including GenBank
accession number is given in Appendix 1. Thiers (2008+) was adopted for the herbarium abbreviations. Specimens of
N. bakuensis and N. cyanocalyx used in the present paper were collected from type localities.

Anchusa officinalis L., Borago officinalis L.and Brunnera orientalis (Schenk) 1. M. Johnst. belonging to tribe
Boragineae were used as outgroup taxa for the phylogenetic analysis. Additionally Melanortocarya obtusifolia Selvi,
Bigazzi, Hilger & Papini (=Nonea obtusifolia), Pulmonaria angustifolia L., P. mollis Hornem., P. obscura Dumort.,
P. hirta L. (=P. picta Rouy) and P. cesatiana (Fenzl & Friedr.) Selvi & al. (=Paraskevia cesatiana (Fenzl & Friedr.)
W. Sauer & G. Sauer) were included in the analysis due to close relationship between Nonea and Pulmonaria. In the
phylograms, names of taxa whose sequences were imported from GenBank, are followed their currently accepted
names to avoid confusion.

DNA extraction, PCR amplification, sequencing, and phylogenetic analyses

Total genomic DNA was extracted from herbarium material following the modified CTAB extraction procedure of
Doyle & Doyle (1987). The nrITS region and trnL-F were amplified with universal ITSA/ITSB (Blattner 1999) and
with the universal primers trnC/trnF (Taberlet er al. 1991), respectively, according to the PCR conditions of Giiltepe
et al. (2010). PCR products were sequenced with the aid of Macrogen Inc. (Seoul, Korea) by use of the same primers.
For the phylogenetic analysis, 60 newly generated sequences (32 of them belonging to ITS and 28 belonging to trnL-F)
and 71 sequences (36 of them belonging to ITS and 35 belonging to #7nl-F) downloaded from GenBank (Appendix
2) were used. Pairwise Distance Analysis (PDA) was performed in MEGA version 7 (Kumar ef al. 2016) to observe
similarity of the studied taxa. The sequences were aligned with Muscle v.3.8.31 (Edgar 2004) and edited in PhyDE
v.0.9971 (Miiller et al. 2010). Indels were coded as informative characters according to the Simple Indel Coding (SIC)
method (Simmons & Ochoterena 2000) as implemented in the program SeqState version 1.40 (Miiller 2005a) and
added at the end of the sequence data set. Phylogenetic relationships were reconstructed using Maximum Parsimony
(MP) and Bayesian Inference (BI) analyses. MP analyses were carried out using the Parsimony Ratchet (Nixon 1999)
with PRAP (Miiller 2004). The generated command files contain standard ratchet settings (200 ratchet iterations with
25% of the positions randomly up-weighted (weight = 2) during each replicate and 10 random addition cycles). The
analysis was run in PAUP* version 4.0b10 (Swofford 2003) using heuristic search with the following parameters: all
characters have equal weight, gaps are treated as ‘missing’, simple addition of sequences, TBR branching swapping,
maxtrees setting to 100 and auto-increased by 100, one non-binary starting tree arbitrarily dichotomized before branch
swapping, only one tree saved. A majority rule consensus tree was calculated from the most parsimonious trees.
Jackknife (JK) support values for the nodes found in the MP analysis were calculated in PAUP* applying the optimal
jackknife parameters according to Farris et al. (1996) and Miiller (2005b) with the following parameters: 10,000
jackknife replicates using the TBR branch swapping algorithm with 36.788% of characters deleted and one tree held
during each replicate. Prior to BI analyses, the nucleotide substitution model that best fits the datasets were determined
for nrITS and #nL-F with MrModeltest 2.3 (Nylander 2004), following the Akaike Information Criterion (AIC). BI
analyses in MrBayes 3.2 were performed with four simultaneous runs of Metropolis-coupled Markov Chains Monte
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Carlo (MCMCMC), each with four parallel Markov chains. Each chain was performed for 20 million generations and,
starting with a random tree, one tree was saved every 1000th generation. In initial runs the default temperature (0.1)
resulted in low proportion exchanges between cold and heated chains. Therefore heating temperature was reduced to
0.05, which successfully increased the efficiency of the Metropolis coupling. For other parameters the default settings
of the program were left unchanged. A conservative burn-in of 0.2 (i.e. discarding the first 20% of the trees) was
applied. The remaining trees were used to generate a majority rule consensus tree. The support values calculated from
the analyses were gradated as following: full (JK=100, BI=1), strong (JK=90-99, B1=0.9-0.99), good (JK=80-89,
BI=0.8-0.89), moderate (JK=60-79, BI=0.8-0.89), weak (JK=50-59, BI=0.5-0.79).

Incongruence Length Difference (ILD) test (Farris et al. 1994) was performed to assess the congruence between the
nrlTS and #nL-F datasets in PAUP* version 4.0b10 (Swofford 2003). For this test, the following parameters were
used: heuristic search of 1000 replicates, each with 100 random addition searches, maxtrees set to 1 and one tree held
each step. As significance threshold for congruence or homogeneity of the partitions a P value of > 0.05 or 0.01 is
considered as appropriate by Sullivan (1996) and Cunningham (1997), respectivily.

Results

ILD test resulted in incongruence with high significance (P=0.001) level between nrITS and #7nL-F datasets. Therefore,
the two datasets were analyzed separately. Results of ILD test is corroborated by the incongruent tree topologies
based on nrITS and #rnL-F datasets as well (Figure 1 and 2). The optimal models revealed for nrITS and #nL-F were
SYM+G and GTR+G, respectively.

nrDNA ITS dataset

In the present study, 11 Caucasian Nonea taxa from 23 individuals were examined for the first time with respect to
nrlTS region. A total of 32 nrITS sequences (for GenBank accession numbers see Appendix 1) were generated from 15
Nonea taxa. The full length of the nrITS (ITS1, 5.8S and ITS2) varied between 637 to 653 bp in the 67 (59 in group +8
outgroup) sequences. Of a total of 655 characters in the aligned data set, 139 bp were parsimony informative. Simple
Indel Coding increased the total number of characters to 701 and the number of parsimony informative characters to
185.

Bayesian phylogram (majority rule consensus tree) of Nonea based on nrITS with JK support values is presented
in Figure 1. According to this phylogram, members of Nonea were grouped in three main clades with moderate
support values (JK =52 and PP = 1.0) except for N. obtusifolia which has already been transferred to Melanortocarya.
According to pairwise distance analysis (PDA) based on nrITS, N. pulla DC. and N. atra Griseb., N. melanocarpa
Boiss. and N. pisidica Selvi, Bigazzi & Hilger, N. flavescens (C. A. Mey.) Fisch. & C. A. Mey. and N. setosa (Lehm.)
Roem. & Schult. are the closest taxa with 100 % similarity. N. palmyrensis and Nonea heterostemon Murb. (=Elizaldia
heterostemon (Murb.) 1. M. Johnst.) are the farthest taxa with 84.9 % similarity based on nrITS data (Table 1). The most
similar taxa to N. bakuensis (Figure 3a) and N. cyanocalyx (Figure 3c) are N. caspica (Figure 3b) and N. armeniaca
(Kusn.) Grossh. (Figure 3d) with 99.22 % and 99.8 % similarity, respectively (Table 1).

trnL-F dataset

In this study, 10 Caucasian Nonea taxa from 25 individuals (for GenBank accession numbers see Appendix 1) were
examined for the first time with respect to rnL-F. A total of 28 trnL-F sequences (for GenBank accession numbers see
Appendix 1) were generated from 13 Nonea taxa. The length of the trnL-F varied between 878 to 859 bp in the 63 (55
in group +8 outgroup) samples. Of a total of 918 characters in the aligned data set, 47 bp were parsimony informative.
Simple Indel Coding increased the total number of characters to 941 and the number of parsimony informative
characters to 70.

Bayesian phylogram (majority rule consensus tree) of Nonea based on trnL-F with JK support values is presented
in Figure 2. According to the phylogram, members of Nonea grouped in two main clades with strong support values
(JK =88 and PP = 1.0) including N. obtusifolia which has been transferred to Melanortocarya Selvi, Bigazzi, Hilger
& Papini. Furthermore all members of Pulmonaria used in this study are deeply nested in Nonea with strong support
values (JK =95 and PP = 1.0). According to PDA based on #rnL-F (Table 2), 48 pairs of taxa are share the same trnL-F
profile with 100 % similarity. N. stenosolen Boiss. & Balansa and N. pulmonarioides Boiss. & Balansa are the farthest
taxa with 95.7 % similarity. The most similar taxa to N. bakuensis and N. cyanocalyx is N. pisidica, N. polychroma
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Selvi & Bigazzi, N. caspica, N. persica Boiss., and N. armeniaca with 100 % and 99.93 % similarity, respectively
(Table 2). The newly studied Caucasian Nonea taxa were placed at two different subclades (Figure 2-Clade Bv and
Clade Bvi). Most of them (except N. versicolor and N. daghestanica) were clustered at Clade Bvi. The Clade VI also
comprises N. macrantha (Riedl) A. Baytop endemic to Turkey and N. stenosolen Boiss. & Balansa distributed out of
Caucasia.

Discussion

A monophyletic Nonea first shown by Selvi et al. (2006) is confirmed by the current study inferred from nrITS
dataset with a broader sampling. Besides, the nrITS dataset also confirmed that the genus Nonea is sister to the genus
Pulmonaria as already suggested by Selvi et al. (2006). On the other hand, members of Pul/monaria are deeply nested
in Nonea based on the #rnL-F dataset. Therefore, the t7rnL-F dataset do not support the monophyly of the genus
Nonea. These results suggest to potential events of ancient and more recent reticulation or chloroplast capture in the
evolution of Nonea and Pulmonaria. The genus Nonea was firstly split into sections by Candolle (1846) and later by
Popov (1953). Although Popov (1953) mainly followed Candolle’s (1846) view, he also described several new series
and sections within the genus. Present molecular findings do not fully coincide with the subgeneric delimitation of
Candolle (1846) (Figures 1 and 2) as indicated by Selvi et al. (2006). However, members of sect. Orthocaryum DC.
(except N. rosea (M. Bieb.) Link) are aggregated within the same clade (Figure 1-Clade II) based on nrITS. On the
other hand, members of sect. Orthocaryum and sect. Cryptanthera DC. formed a polytomy in “Clade Bv” and “Clade
Bvi” (Figure 2) based on #7nL-F sequence data.

Discussion of the phylogenetic trees (Figures 1 and 2) are given in the following clade by clade with priority on
nrITS in accordance with traditional taxonomical treatment of Caucasian Nonea. Results obtained from #rnl-F will be
discussed alongside where relevant.

Clade I (Figure 1): It comprises 3 of the 11 newly studied Caucasian Nonea. One of them is N. bakuensis, endemic
to Azerbaijan. It was first treated as a variety of N. caspica (Popov 1953) which has a wide distribution range in the
Caucasus. However, Karimov (2016) changed its status to species level based solely on morphological differences. Later
Karimov & Illarionova (2018) confirmed the separation of N. bakuensis from the closely related species N. caspica, N.
diffusa, and N. melanocarpa Boiss. based on seed micro-morphological features. Present molecular findings based on
nrlTS also support the separation of N. bakuensis from the closely related species with moderate support values (JK =
55 and PP = 1). Although four accessions of N. bakunesis are clustered together, there is no resolution at infraspecific
level. In contrast to nrITS, these four and further morphologically distinct taxa are polytomously clustered based on
trnL-F (Figure 2-Clade Bvi). Therefore, trnL-F is insufficient to reveal phylogenetic relationships within these taxa.
Although N. caspica has a wide distribution from Central Asia to Europe, N. bakuensis (=N. caspica var. bakuensis)
has limited distribution only around Baku (Popov 1953).

N. diffusa Boiss. & Buhse treated as a variety of N. caspica by Popov (1953) was listed under the heterotypic
synonym of N. caspica in database of Euro+Med (2006-). Present findings based on five newly generated accessions
belonging to N. diffusa did not support the view of Popov (1953), but supported its synonymy to N. caspica (Figure
1-Clade 1 and Figure 2-Clade Bvi).

N. rosea (M. Bieb.) Link endemic to the Caucasus was considered a putative hybrid of members belonging to
Nonea sect. Orthocaryum DC. (Popov 1953). N. rosea, evaluated for the first time based on both nuclear and plastid
data in the present study, is nested in the members of Nonea sect. Cryptanthera DC. rather than members of sect.
Orthocaryum (Figure 1). This means that the phylogenetic position of N. rosea contradicts Popov’s (1953) view, but
this needs further morphological and molecular studies to clarify its relationship and putative hybrid origin.

N. melanocarpa, evaluated for second time based on nuclear and for the first time based on plastid data in the
present study, is distributed throughout Central Asia and Turkey (Popov 1953; Euro+Med 2006-). The species firstly
studied by Cecchi et al. (2009) based on ITS1. Results of Cecchi et al. (2009) revealed that N. melanocarpa is closely
related to N. echioides and N. palmyrensis. Our analyses based on nrITS (Figure 1), with addition their data to our
dataset, mostly coincide with results of Cecchi et al. (2009). However our results contained three newly generated
accessions belonging to N. melanocarpa suggest that it is sister to N. pisidica Selvi, Bigazzi & Hilger and a member
of the N. caspica group (Figure 1- Clade I) as previously proposed by Riedl (1963). Furthermore N. melanocarpa, N.
diffusa and N. caspica share similar fruit surface pattern (Karimov & Illarionova 2018). Parallel to Riedl (1963) and
Karimov & Illarionova (2018), two newly generated trnL-F accessions of N. melanocarpa formed a polytomy with .
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caspica, N. pisidica and the rest in Clad B-vi (Figure 2) but were not close to N. echioides. This may suggest that N.
melanocarpa is better placed in the N. caspica group. N. pisidica is closely related to N. caspica and N. polychroma
Selvi & Bigazzi according to Bigazzi et al. (2004). However, our results suggest that N. melanocarpa is closer to N.

pisidica than the others.
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% Nonea palmyrensis FJ590419
A Nonea melanocarpa FJ590417
Nonea vesicaria DQ269688

Nonea vesicaria AY383304
Nonea heterostemon DQ269671

99

Nonea calycina DQ269670
100 — Nonea calycina AY383305
10 L Nonea calycina DQ269669
Nonea macrantha DQ269677
— Nonea pulmonarioides DQ269685
55 | ——— Nonea anchusoides DQ269672
09 ———————Nonea monticola DQ269680
Nonea dumanii JQ031034

L‘j Nonea stenosolen DQ269686
1 Nonea micrantha DQ269679

52 Nonea decurrens N36

Nonea decurrens N54

Nonea intermedia DQ269676

Nonea macrosperma DQ269678

55 84

1.0
Clade 1l 08
Nonea daghestanica N50

o7 ’_— Nonea pallens DQ269682
1 Nonea pallens FJ590418

85 — Nonea cyanocalyx N6
Nonea cyanocalyx N41

57| g7 Nonea persica N1
Nonea persica N32

Sect. Cryptanthera

Nonea persica DQ269683
95 . Nonea armeniaca N4
1.0 w o Nonea armeniaca N5
Nonea armeniaca N30
-Nonea armeniaca N28
Nonea lencoranika N34
%8 I: Nonea atra DQ269673
1.0 Nonea pulla AY383317
Nonea setosa N12
Nonea setosa N13
Nonea flavescens N57
Nonea alpestris N7
1.0-Nonea alpestris N48

1.0

95 Nonea versicolor DQ269687 Sect. Orthocaryum
55 ﬂonea versicolor N15
06 91 Nonea lutea N8

Clade Il

Nonea luteaN10
Nonea lutea N11
Nonea lutea AY383316
88 Nonea pisidica DQ269684
Nonea melanocarpa N25
Nonea melanocarpa N26
Nonea melanocarpa N24

Nonea caspica DQ269674
— Nonea polychroma DQ350133
09 ——— Nonea diffusa N22
“Nonea diffusa N47
Nonea rosea N14
Nonea rosea N49
73] Nonea bakuensis N17
06 Nonea bakuensis N18
Nonea bakuensis N20
Nonea bakuensis N19
Pulmonaria mollis AY383315
Pulmonaria angustifolia AY383313
Pulmonaria obscura AY383312
Pulmonaria picta AY383314
Paraskevia cesatiana AY383318
Melanortocarya obtusifolia DQ269681

Sect. Cryptanthera

1.0

Sect. Orthocaryum

Sect. Cryptanthera

Brunnera orientalis AY383289

Borago officinalis AY383283

— Anchusa officinalis AY045710

0.020 changes per site

FIGURE 1. Majority rule consensus phylogram of Nonea from the Bayesian analysis based on the nrITS dataset. Support values: maximum
parsimony jackknife above branches, bayesian posterior probability below branches. CI = 0.608 and RI = 0.737.
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FIGURE 2. Majority rule consensus phylogram of Nonea from the Bayesian analysis based on the #rnL-F dataset. Support values:
maximum parsimony jackknife above branches, bayesian posterior probability below branches. CI = 0.879 and RI = 0.926.

Clade II (Figure 1): It comprises 3 of the 11 newly studied Caucasian Nonea. N. lutea (Desr.) DC. is chiefly
distributed in the Caucasus but it was introduced to Europe (Popov 1953). This species was firstly included in molecular
studies by Selvi et al. (2006) and then by Cohen (2014) with a unique sample, but it was sampled with five newly
generated sequences belonging to three individuals in the current study. There is a contradiction between the results of
present study and Selvi et al. (2006). Although N. lutea clustered with members of sect. Cryptanthera in Selvi et al.
(2006), all samples (including GenBank sequence belonging to N. lutea) clustered with members of sect. Orthocaryum
in the current study (Figure 1-Clade II). This contradiction basically resulted from the fact that although the two datasets
were separately analyzed in this study, a combined dataset was analyzed in Selvi et al. (2006). N. lutea characterizes in
both trees with moderate to good support values (Figure 1-Clade II and Figure-Clade Bvi). Furthermore Popov (1953)
highlighted close relationships among yellow flowered taxa (V. lutea, N. flavescens and N. setosa) belonging to series
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Flavescentes M. Pop. This is another good indication to consider why nrITS and #nL-F dataset are not to be combined
in the present study. Pale violet flowered N. versicolor (Steven) Sweet is closely related to pale yellow flowered N.
alpestris (Steven) G. Don based on nrITS. Although Popov (1953) reported that these two taxa are doubtful provisional
species due to similar morphological features, they are listed as accepted taxa in the database of Euro+Med (2006-).
In line with Euro+Med (2006-), accessions of N. versicolor and N. alpestris are clustered together in the nrITS tree
(Figure 1-Clade II) with good to strong support values. In contrast to the nrITS tree, the #rnL-F tree does not support
their close relatedness (Figure 2-Clade Bv and Bvi). Therefore, the current molecular analyses support the segregation
of N. versicolor and N. alpestris as separate species. N. sefosa (Lehm.) Roem. & Schult. endemic to Caucasus and N.
flavescens Fisch. & C.A.Mey. were evaluated for the first time in this study based on molecular data. These two species
were affiliated with N. lutea (Popov 1953). Leaf moprhology of N. sefosa and N. flavescens is more similar to each
other than to N. lutea. N. flavescens differs from N. setosa in its dense inflorescence in fruiting and smaller flowers.
The closeness of N. setosa and N. flavescens is confirmed by the current analysis based on nrITS in accordance with
Popov (1953). Furthermore N. setosa and N. flavescens are more closely related to N. alpestris and N. versicolor than
to N. lutea. However, there is no clear delimitation among N. setosa, N. flavescens and N. alpestris, which form a
polytomy based on both nrITS and #nL-F (Figure 1-clade Il and Figure 2-clade Bvi).

FIGURE 3. Images of N. bakuensis Popov ex V. Karimov (a), N. caspica (Willd.) G. Don. (b), N. cyanocalyx Popov ex V. Karimov (c)
and N. armeniaca Kusn. from the habitat (d) (photographed by Karimov).
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Clade III (Figure 1): It comprises 5 of the 11 newly studied Caucasian Nonea. N. pulla group was established
and discussed by Selvi & Bigazzi (2001) with respect to morphology and taxonomy. Popov (1953) listed 5 varieties
(var. rossica (Stev.) M. Pop., var. taurica (Ldb.) Kuzn., var. armeniaca Kusn., var. persica (Boiss.) M. Pop. and var.
lencoranica Kusn.) and two races (N. armeniaca-N. lencoranica-N. persica race and N. cyanocalyx-N. voronovii race)
under N. pulla. According to Selvi & Bigazzi (2001), N. persica Boiss. is a distinct species and N. pulla (L.) DC. var.
armeniaca Kusn. is a synonym of N. persica within the N. pulla group. Contrary to Selvi & Bigazzi (2001), Popov
(1953) kept var. armeniaca separated from var. persica based on its shorter and wider leaves and vertical root. Agreeing
with Popov (1953), Grossheim (1967) elevated var. armeniaca to specific level based on morphological traits. In line
with Popov (1953) and Grossheim (1967), the present molecular findings support to treat N. armeniaca (EN. pulla var.
armeniaca) as a separate species because four newly generated nrITS sequences belonging to N. armeniaca clustered
together with full support values (Figure 1-Clade III). Furthermore, two newly generated trnl-F sequences belonging
to N. armeniaca clustered together with strong support values (Figure 2-Clade Bvi). The current results support to
Grossheim’s (1967) view. N. lencoranica, which is another member of the N. pulla group, was listed as variety of N.
pulla by Popov (1953). Contrary to Popov (1953), it was treated as a separate species by Grossheim (1967). However,
the current molecular analyses do not present any resolution for these taxa in both trees (Figure 1-Clade III and Figure
2-Clade Bvi).

N. cyanocalyx was listed as a part of the N. cyanocalyx-N. voronovii race under N. pulla by Popov (1953).
Afterwards, Karimov (2016) re-evaluated N. cyanocalyx as a separate species based on morphological data. Later
Karimov & Illarionova (2018) confirmed the separation of N. cyanocalyx based on seed micro morphological features.
N. cyanocalyx is represented with five newly generated sequences in the current study. Both trees support to treat V.
cyanocalyx as a separate taxon with strong support values (Figure 1-Clade III and Figure 2-Clade Bvi). Furthermore
Popov (1953) emphasized separation of mesic N. cyanocalyx-N. voronovii race with its high mountains distribution,
larger calyces, and longer teeth in the N. pulla group. These ecological and morphological features might lead to
separation of N. cyanocalyx from the closely related taxa. According to the trees, N. cyanocalyx is closely related to N.
persica and N. armeniaca.

N. daghestanica Kusn. is evaluated for the first time in the present study with two newly generated sequences. It
is morphologically closely related to N. pulla (Popov 1953) and listed as unresolved taxa in The Plant List (2010). The
trnL-F tree (Figure 2-Clade Bv) supports Popov’s view with strong support values (JK = 84 and PP = 1). Unfortunately,
nrlTS tree (Figure 1-Clade III) does not provide resolution with respect to its relatives. Thus, N. daghestanica needs
further studies to clarify its placement.

N. decurrens (C.A.M.) G. Don, endemic to the Caucasus, is evaluated for the first time in the present study with
two newly generated sequences belonging to nrITS. It was classified in series Pullae M. Pop. by Popov (1953). N.
decurrens and N. intermedia Ledeb. are morphologically closely related taxa according to Popov (1953). The current
results confirmed their close affinity based on nrITS data. In fact, N. decurrens is sister to N. intermedia Ledeb.

Conclusion

Monophyly of Nonea is confirmed based on nrITS data by the current study. On the other hand, results obtained from
the trnl-F dataset do not support monophyly of the genus. The current findings indicated that traditional sub-generic
classification of Nonea cannot be fully supported with molecular data. The current study also supports that recently
re-evaluated N. bakuensis is a distinct species and closely related to N. caspica, N. diffusa, and N. melanocarpa. N.
cyanocalyx is another recently re-evaluated species from Azerbaijan and sister to N. persica. The analyses support its
separation as a distinct species in the N. pulla group. Taxa below species, such as varieties, became distinguishable
from species when divergent natural selection led to gaps in the distribution of morphology due to geographical and
ecological factors. The analyses revealed that the phylogenetic position based on nrITS and morphological classification
of N. rosea are not in line with each other. On the other hand, our #nL-F tree did not provide any resolution for N.
rosea. Thus, N. rosea needs further studies to clarify its phylogenetic position. Both trees support the synonymy of
N. diffusa under N. caspica and the separation of N. versicolor from N. alpestris. The nrITS tree supports to treat V.
alpestris and N. decurrens as separate species. The current analysis indicated that V. sefosa and N. flavescens are more
closely related to N. alpestris and N. versicolor than to N. lutea. The present molecular findings support to treat N.
armeniaca (=N. pulla var. armeniaca) as a separate species.
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Appendix 1. Locality information and GenBank accession numbers of the studied taxa.

GenBank accession numbers in the following sequence: nrlTS, #rnL-F, missing sequences designated by a dash (—).
NoneapersicaBoiss.: N1: Nakhchivan, Sadarak district, Chalkhangala village (Aznabyurt), mountain xerophyte stepped
meadows, mainly in stony areas. 06.05.2016. V.N.Karimov, A.Sitin s.n. (BAK) (MK839164,—); N31: Azerbaijan,
Baku, Garadagh district, near to Duvanni area and Duvanni (Alat) near to volcano. 24.04.2015. V.N.Karimov, G.Parolli
s.n. (BAK) (—, MK852185); N32: Nakhchivan AR, Sadarak district, Chalkhangala village (Aznabyurt), mountain
xerophyte stepped meadows, mainly in stony areas 06.05.2016. V.N.Karimov, A.Sitin s.n. (BAK) (MK839165,
MK852186).

N. armeniaca (Kusn.) Grossh.: N4: Nakhchivan AR, Shahbuz district, Bichanak village. In village, xerophyte stony
areas. ~1800 m height from sea level. 07.05.2016. V.N.Karimov, A.Sitin s.n. (BAK) (MK839166, MK852205); N5:
Nakhchivan AR, Shahbuz district, Bichanak village. In village, xerophyte stony areas. ~1800 m height from sea level.
24.05.2015. V.N.Karimov s.n. (BAK) (MK839167,—); N28: Nakhchivan AR, Shahbuz district, Bichanak village. In
village, xerophyte stony areas. ~1800 m height from sea level. 12.07.2016. V.N.Karimov s.n. (BAK) (MK839169,—);
N30: Nakhchivan AR, Shahbuz district, Bichanak village. In village, xerophyte stony areas. ~1800 m height from sea
level. 07.05.2016. V.N.Karimov, A.Sitin s.n. (BAK) (MK839168, MK852206).

N. cyanocalyx Popov ex V. Karimov: N6: Nakhchivan AR, Shahbuz district, area of Shahbuz State Reserve, Near
to Batabat lake, Zorbulag area. ~2400 m height from sea level, alp meadows. 07.05.2016. V.N.Karimov s.n. (BAK)
(MK839162, MK852204); N27: Nakhchivan MR, Pahbuz rayonu, Pahbuz Devlet Qorudunun arazisi, Batabat goliiniin
yany. 28.07.2016. V.N.Karimov s.n. (BAK) (—, MK852202); N41: Nakhchivan AR, Shahbuz district, area of Shahbuz
State Reserve, Near to Batabat lake, Zorbulag area. ~2400 m height from sea level, alp meadows. 07.05.2016.
V.N.Karimov s.n. (BAK) (MK839163, MK852203).

N. alpestris G.Don: N7: Azerbaijan, Gusar district, Laza village, near to border military forces outpost, ~2000-2100 m
height from sea level, alp meadows. 14.07.2016. V.N.Karimov s.n. (BAK) (MK839174, MK852184); N48: Azerbaijan,
Gusar district, Laza village, near to border military forces outpost, ~2000-2100 m height from sea level, alp meadows.
14.07.2016. V.N.Karimov s.n. (BAK) (MK839175, MK852183).

N. lutea (Desr.) DC.: N8: Azerbaijan, Shaki district, Kish village, on the road near to Gurdjana river. 15.05.2016.
V.N.Karimov s.n. (BAK) (MK839177,—); N10: Azerbaijan, Lankaran city, on the road from Lankaran to Lerik, near
to the Airport, near the road-30.04.2016 V.N.Karimov s.n. (BAK) (MK839178, MK852181); N11: Azerbaijan, Baku,
area of the Botanical Garden. 16.05.2016. V.N.Karimov, V.Farzaliyev s.n. (BAK) (MK839158, MK852182).

N. setosa Roem. & Schult.: N12: Azerbaijan, Tovuz district, Ashaghi Goychali village, on the shore of Hasansu
river, with the superiority of Artemisia fragrance, semi-desert areas. Near to the 398th km of BTC line. 20.04.2015.
V.N.Karimov, G.Parolli sn. (BAK) (MK839171,—); N13: Azerbaijan, Tovuz district, Ashaghi Goychali village, on the
shore of Hasansu river, with the superiority of Artemisia fragrance, semi-desert areas. Near to the 398th km of BTC
line. 10.05.2014. V.N.Karimov, V.Farzaliyev s.n. (BAK) (MK839172,—).

N. rosea (M.Bieb.) Link: N14: Azerbaijan, ~80th km of Baku-Guba road, area of Beshbarmag, xerophyte superb,
xerophyte stepped mountain meadows. 17.04.2015. V.N.Karimov, G.Parolli sn. (BAK) (MK839184,—); N49:
Azerbaijan, Roadside of Baku-Khizi road, ~85-90 km from Baku (~10-15 km distance from Baku-Guba road to
Baku-Khizi road). Semi-desert areas with dominant species Artemisia fragrans and Salsola nodulosa. 03.05.2015.
V.N.Karimov s.n. (BAK) (MK839183, MK852187).

N. versicolor (Steven) Sweet: N15: Azerbaijan, Guba district, on the road to Khinalig village, on the left shore of
Gudyalchay, ~40-45 km distance from Guba, stony mountain meadows. 1960 m height from sea level 15.06.2016.
V.N.Karimov, V.Farzaliyev s.n. (BAK) (MK839176, MK852207).

N. bakuensis Popov ex V. Karimov: N17: Azerbaijan, Baku, Garadagh district, near to Duvanni area. 24.04.2015.
V.N.Karimov, G.Parollis.n.(BAK) (MKS839185,MK852190); N18: Azerbaijan, Baku, Garadagh district, near to Duvanni
area and Duvanni (Alat) near to volcano. 24.04.2015. V.N.Karimov, G.Parolli sn. (BAK) (MK839186, MK852189);
N19: Azerbaijan, Baku, Garadagh district, area of Gobustan State Reserve, bottom area of Kaniz mountain, semi-desert
areas 24.04.2016. V.N.Karimov, A.Sitin s.n. (BAK) (MK839188,—); N20: Azerbaijan, Sumgayit city, “Azerikimya”
PU, area of EP factory’s Polymer 120 production, xerophyte stepped and semi-desert areas. 06.04.2016. V.N.Karimov
s.n. (BAK) (MK839187, MK852191); N21: Azerbaijan, Baku, Tiirkan gesebesi, Sovxoz Tiirkan arazisi. Serhad
Qosunlarynyn N sayly hissesinin etrafynda, deniz sahili kumluklarda. 15.05.2016. V.N.Karimov (—, MK®852192);
N42: Azerbaijan, Baku, Tiirkan qgesebesi. 28.02.2018. V.N.Karimov s.n. (BAK) (—, MK&852194); N44: Azerbaijan,
Baku, Tiirkan gesebesi, Sovxoz Tiirkan area. 15.05.2016. V.N.Karimov s.n. (BAK) (—, MK852193).

N. diffusa Boiss. & Buhse: N22: Azerbaijan, Tovuz district, Asaghi Goychali village, on the shore of Hasansu
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river, with the superiority of Artemisia fragrance, semi-desert areas. Near to the 398th km of BTJ line. 20.04.2015.
V.N.Karimov, G.Parolli sn. (BAK) (MK839159, MK&852195); N22: Azerbaijan, Lerik, Zuvand- Kosmalyan ve
Divadac kendlerine yakyn, yol kenary. 02.05.2016. V.N.Kerimov, A.Sytin s.n. (BAK) (-, MK852195); N47: Azerbaijan,
Lerik, near to Zuvand- Kosmalyan, Divaghaj villages, with the superiority of roadside Artemisia fragrance, xerophyte
stepped mountain meadows. 01.05.2016. V.N.Karimov, A.Sitin s.n. (BAK) (MK839182, MK852197).

N. melanocarpa Boiss.: N24: Nakhchivan AR, Babak district, Duzdagh area, near to around Television Tower, xerophyte
stepped and semi-desert areas, stony areas. 07.05.2016. V.N.Karimov, A.Sitin s.n. (BAK) (MK839181, MK852199);
N25: Nakhchivan AR, Shahbuz district, on the road to Arinj village, xerophyte stepped mountain meadows, semi-
desert areas. ~1800 m height from sea level. 15.06.2014. V.N.Karimov s.n. (BAK) (MK839179,—); N26: Nakhchivan
AR, Culfa district, area of Milakh village. Semi-desert areas near river, stony areas. 08.05.2016. V.N.Karimov, A.Sitin
s.n. (BAK) (MK839180; MK852198).

N. lenkoranika (Kusn.) Grossh.: N34: Azerbaijan, Lerik, near to Zuvand- Kosmalyan va Divaghac villages, with the
superiority of roadside Artemisia fragrance, xerophyte stepped mountain meadows. 02.05.2016. V.N.Karimov, A.Sitin
s.n. (BAK) (MKS839170, MK852200); N53: Azerbaijan, Lerik, near to Zuvand- Kosmalyan, Pirosan. 03.05.2016.
V.N.Karimov, A.Sitin s.n. (BAK) (—, MK852201).

N. decurrens G.Don: N36: Azerbaijan, Shamakhi, Chukhuryurd village, area of Pirgulu State Reserve, forest
areas.12.04.2008. V.Karimov s.n. (BAK) (MK839157,—); N54: Azerbaijan, Shamakhi, Chukhuryurd village, area of
Pirgulu State Reserve, forest areas.12.04.2008. V.Karimov s.n. (BAK) (MK839160,—).

N. daghestanica Kusn.: N50: Azerbaijan, Guba district, on the road to Khinalig village, on the left shore of
Gudyalchay river, ~40-45 km distance from Guba, stony mountain meadows. 1960 m height from sea level 15.06.2016.
V.N.Karimov, V.Farzaliyev s.n. (BAK) (MK839161,—); N37: Azerbaijan, Quba rayonu, Xynalyq kendine giden yolun
iistl, 15.06.2016. V.N.Karimov, V.Farzaliyev s.n. (BAK) (—, MK852208).

N. flavescens Fisch. & C.A.Mey.: N57: Azerbaijan, Baku, Garadagh district. Area of Gobustan State Reserve, bottom
side of Kaniz mountain, semi-desert areas-24.04.2016. V.N.Karimov, A.Sitin s.n. (BAK) (MK839173, MK852188).
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Appendix 2. Accession number of the taxa getting from Genbank

nrDNA ITS—Nonea echioides DQ269675, N. palmyrensis FI590419, N. vesicaria DQ269688, N. vesicaria AY383304,
N. macrantha DQ269677, N. pulmonarioides DQ269685, N. anchusoides DQ269672, N. monticola DQ269680, N.
stenosolen DQ269686, N. micrantha DQ269679, N. intermedia DQ269676, N. macrosperma DQ269678, N. pallens
DQ269682, N. pallens FI590418, N. persica DQ269683, N. atra DQ269673, N. pulla AY383317, N. versicolor
DQ269687, N. lutea AY383316, N. pisidica DQ269684, N. caspica DQ269674, N. polychroma DQ350133, N.
heterostemon DQ269671, N. calycina AY383305, N. calycina DQ269669, N. calycina DQ269670, Melanortocarya
obtusifolia DQ269681, Pulmonaria picta AY383314, P. angustifolia AY383313, P. mollis AY383315, P. obscura
AY383312, Paraskevia cesatiana AY383318, Borago officinalis AY383283, Brunnera orientalis AY383289, Anchusa
officinalis AY045710

cpDNA trunl-F—Nonea vesicaria AY383263, N. lutea AY383274, N. lutea KF288087, N. pulla AY383275, N.
anchusoides AY627869, N. caspica AY627870, N. echioides AY627871, N. intermedia AY627872, N. monticola
AY 627873, N. pallens AY627875, N. pisidica AY627877, N. polychroma AY 627878, N. pulmonarioides AY 627879,
N. stenosolen AY627880, N. versicolor AY627881, N. caspica JX976917, N. atra DQ269664, N. macrantha
DQ269665, N. macrosperma DQ269666, N. micrantha DQ269667, N. vesicaria DQ269668, N. persica AY627876, N.
calycina DQ269661, N. calycina DQ269662, N. calycina AY383264, N. heterostemon DQ269663, Anchusa officinalis
AY 045703, Brunnera orientalis KF288036, Borago officinalis AY383245, Melanortocarya obtusifolia AY 627874,
Paraskevia cesatiana AY 383276, Pulmonaria obscura AY383270, P. angustifolia AY383271, P. picta AY383272, P.
mollis AY383273
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