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Abstract. Juniperus deltoides is a relict species from the Tertiary Period. It is a typical representative of the Mediterra-
nean group of the section Juniperus. It is included in the Red Books of the Republic of Crimea and the city of Sevasto-
pol. Until recently, it was believed that a population of J. oxycedrus grew in Crimea. Currently, J. deltoides is described
as a cryptic species, morphologically difficult to distinguish from J. oxycedrus. As a result, it became necessary to
conduct a series of detailed studies to determine the morphological and phylogenetic features of the Crimean cryptic
population in order to identify it as being one of the species of the cryptic pair. The studies were carried out in two
stages: at the first stage, the morphological features of the vegetative and generative organs and their difference from
J. oxycedrus were determined; the second stage included genetic research. The length of the needles of the Crimean
population is 12.94+0.19 mm, which corresponds to the Eastern Italian population of J. deltoides. At the same time,
the width of the needles is 1.39+£0.02 mm, which is typical of the Portuguese population of J. oxycedrus. The di-
mensions of the cones are d, (conditional height) = 7.54+£0.14 mm, and d, (conditional width) = 9.11£0.09 mm,
which is more in line with J. deltoides. The shapes of the cones are very diverse. Some individuals have cones, the
covering scales of which are visually indistinguishable, and their tops are completely fused. A similar phenomenon
is characteristic of the Western Mediterranean populations of J. oxycedrus. Morphological analysis of the vegetative
and generative organs of J. deltoides showed that when these two traits are combined, it is not possible to reliably
distinguish between J. deltoides and J. oxycedrus individuals. Nuclear (ITS internal transcribed spacer) and chloroplast
(petN-psbM, trnS-trnG) non-coding regions of the genome were used for genetic analysis. Studies have shown that
the nuclear regions of genes have greater variability than chloroplast regions. The sequences obtained in this work
formed a clade with J. deltoides samples 9430 and 9431 (BAYLU) growing in Turkey, which makes it possible to assign
the samples studied to J. deltoides.
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AHHOTauuA. Juniperus deltoides — 3To penKTOBbIN BUA TPETUYHOIO Nepropa. ABNAeTcA TUMUYHbIM NPeacTaBUTeNnemM
Ccpean3eMHOMOPCKON rpynnbl cekumn Juniperus. BkntoueH B KpacHble KHurn Pecny6nuku Kpbim 1 ropoga CeBacto-
nons. [1o HefaBHero BpemMeHy CYMTanoch, YTo Ha TeppuTopun Kpbima npouspactaet nonynaums J. oxycedrus. Cenyac
J. deltoides onucbIBaloT Kak KpUNTUYECKNIA BUA, MOPGONOrMYECKN COXKHO OTINUYUMBIN OT J. oxycedrus. B pesyrnbTa-
Te BO3HUKSIa HEOOXOANMOCTb NMPOBeAeHNA pAfa AeTaNbHbIX NCCNeA0BaHUIN MO onpeAeneHnto Mopdonornyeckux u
dunoreHeTNYECKNX OCOBEHHOCTEN KPUNTUYECKON nonynaumny KpbiMa € Lenblo YyCTaHOBNEHNA ee NPUHAANEXHOCTU
K OfHOMY V3 BVMAOB KpUMTMYecKow napbl. ViccnefoBaHna Npoxoannu B Ba 3Tana: Ha NnepBoM 3Tarne onpeaensanv
Mopdonornyeckne oCo6eHHOCT BEreTaTMBHbIX 1 FeHepPaTUBHbIX OPraHOB 1 UX OTanume oT J. oxycedrus, Ha BTO-
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Mopdonornueckne n unoreHeTnyeCKMe 0CO6EHHOCTH
KpbIMCKOW nonynauuu Juniperus deltoides R.P. Adams

POM — BbIMOMHANN FeHeThYecKkne nccrefoBaHua. [InvHa XxBon KpbIMCKOW nonynAumn coctaBnsaeT 12.94+0.19 mm,
YTO COOTBETCTBYET BOCTOYHOMTaNbAHCKON nonynaummn J. deltoides. Mpy 3Tom wrprHa xBou paBHa 1.39+£0.02 mm,
YTO CBOWNCTBEHHO MOPTYranbCkon nonynauum J. oxycedrus. Pasmepbl WMLIKOATOA cocTaBsAoT: d; (yCNOBHO BblcoTa) —
7.54+0.14 mm, d, (ycnosHo wrpuHa) — 9.11+0.09 mm, yto 6onbLue cooTBeTCTBYET J. deltoides. Dopma WwMLIKOArof,
BapbuMpyeT BeCbMa CUSIbHO. BcTpeuatoTca 0cobu ¢ WMLLKOATOAaMM, KPOtLLMe Yellyr KOTOPbIX BU3yasibHO He OTn-
YMMBbI, UX BEPXYLLKW MOTHOCTbIO CpacTatoTcA. [logobHoe ABNeHne XapakTepHO ANA 3anagHoCpeAn3eMHOMOPCKIX No-
nynauui J. oxycedrus. Mopdonornyeckuii aHanu3 BereTaTvBHbIX 1 reHepaTUBHbIX OpraHoB J. deltoides nokasan, uto
npw coYeTaHUn ABYX 3TUX NPU3HAKOB AOCTOBEPHO PasnnumTb ocobu J. deltoides n J. oxycedrus He npepcTaBnaeTca
BO3MOXHbIM. 111 FeHETMYECKOro aHanm3a MCMosib30Banu AfepHble (BHYTPEHHUI TpaHCKprbupyemblin cnecep ITS)
1 xnoponnactHble (petN-psbM, trnS-trnG) HekoaupytoLwre yyacTkn reHoma. MiccnefoBaHma nokasanu, U4to saepHble
yyacTKu reHoB obnapatoT 6osbLueli BaprnabenbHOCTbIO, YeM XJIoponnacTHble. [NocnefoBaTenlbHOCTY, MONTyUYeHHblEe B
[aHHON paboTe, 06pa3oBanm knagy ¢ obpasuamu J. deltoides 9430 n 9431 (BAYLU), npomspacTatowumu B Typuum, 4to
No3BONAET OTHECTU U3yueHHble 0bpa3ubl K Bugy J. deltoides.

KnioueBble cnoBa: Juniperus deltoids; nonynaunsa; XBos; WWLLKOAroAbl; KpUNTUYECKUIA BUA; pUnoreHeTMyeckunin aHa-
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Nn3; AAepHble reHbl; XnoponsacTHble reHbl.

Introduction

The genus Juniperus L. is the largest in the cypress family
(Cupressaceae Bartl.), assigned to the juniper subfamily (Ju-
niperoideae Endl.), and includes 76 species (Pisarev, 2007;
Adams, 2014D).

Junipers are distinguished by significant polymorphism, on
the basis of which a number of subgenera, sections and series
are distinguished in the genus. The taxonomy of the genus is
based on two distinctive morphological features: the structure
of generative organs (cones) and the structure of vegetative
organs (needles) (Kolesnikov, 1974).

The genus was first described in 1700; since that time, the
taxonomy of the genus has undergone significant changes
(Novikov et al., 2014). Currently, the genus is divided into
three sections, among which: the Caryocedrus section count-
ing one species — J. drupacea Labill., the Juniperus section
(synonymous with Oxycedrus), which includes 14 species, and
the Sabina section, which consists of the remaining 61 species
(Pisarev, 2007; Abaimov, 2009; Adams, 2014b). At the same
time, the Caryocedrus section was often considered as a sepa-
rate genus, but PCR studies conducted by R.P. Adams proved
its common origin with the Juniperus section (Adams, 2014b).

Five species of junipers grow in the Crimea (J. commu-
nis L., J. deltoides R.P. Adams, J. excelsa M.-Bieb., J. foeti-
dissima Willd., J. sabina L.), which belong to two sections —
Juniperus and Sabina. All of them are included in the Red
Books of the Republic of Crimea and the city of Sevastopol
(Yena, Fateryga, 2015; Red Book..., 2018).

Juniperus deltoides is a relict species from the Tertiary pe-
riod. It is a typical representative of the Mediterranean group
of the Juniperus section. J. deltoides is common in the Medi-
terranean and the Middle East. To a large extent, its range is
limited to the Mediterranean climate, but in the Balkans it
occurs in more continental conditions. The northern border of
its range passes in the Crimea. The area of the cryptic popula-
tion of the Crimea, according to 2006 data, is 4843 hectares
(Adams, 2014b; Plugatar, 2015; Farjon, 2017; Rajcevic et al.,
2020; Sadykova, Neshataeva, 2020; Yousefi et al., 2021).

Until recently, it was believed that a population of J. oxy-
cedrus grows on the territory of Crimea. This species was
included in the Guide to Higher Plants of Crimea (Rubtsov,
1972). However, the scientist R.P. Adams, on the basis of
DNA sequencing, found that in most of the Mediterranean —
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from Italy to the east through Turkey to the mountains of the
Caucasus and Iran (including the Crimea), a juniper other than
J. oxycedrus is common, which he described as a new species —
J. deltoides. At the same time, no direct analysis of the genetic
material from the territory of Crimea was carried out. Adams
made a similar conclusion based on the geographic localiza-
tion of populations. In his works, he described that junipers
growing west of Italy belong to the species J. oxycedrus, and
junipers found to the east are J. delfoides (Adams et al., 2005;
Adams, 2014a; Roma-Marzio et al., 2017).

Currently, J. deltoides is described as a cryptic species that
is morphologically difficult to distinguish from J. oxycedrus
(Adams et al., 2005; Adams, 2014a; Roma-Marzio et al.,
2017). As a result, it became necessary to conduct a series
of detailed studies to determine the morphological and phy-
logenetic features of the Crimean population of J. deltoides,
in order to establish its belonging to one of the species of the
cryptic pair.

The study includes two main tasks: determining the cor-
respondence between the morphological features of the veg-
etative and generative organs of the cryptic population of the
Crimea to the species J. deltoides; conducting genetic studies
using nuclear and chloroplast regions of marker sequences.

Materials and methods

In order to conduct morphological and phylogenetic studies
within the population, test areas of 0.2 hectares were laid at
an altitude of 40 to 620 m above sea level, in various edapho-
orographic conditions from Inkerman to Sudak (Fig. 1).

According to generally accepted methods, 10 model trees
were identified within the test areas (Yarmishko, Lyanguzo-
va, 2002). For each model tree, 30 cones were measured in
two mutually perpendicular planes (conventional width and
height). In addition, according to the determinant key deve-
loped by Adams for J. deltoides (Adams, 2014a), the degree
of accretion of cone scales was visually determined.

To determine the parameters of the vegetative organs, the
length and width of the needles were measured and the ave-
rage error was determined (30 needles for each model tree).
Then, a cross section of the needles was carried out in order to
establish the presence or absence of curvature of the adaxial
surface of the needles. The shape of the base of the needles
was determined (Adams, 2014a, b).
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Fig. 1. Scheme of the location of sample plots in the cryptic populations of the Crimean Mountains.

1, 2 - the vicinity of the city of Inkerman; 3 - mt. Chirka-Kayasy; 4 - mt. Samnalykh; 5-7 - mt. Kara-Dag; 8 - mt. Tolaka- Bair; 9 - mt. Dragon;
10 - Cape Martyan; 11 - mt. Papaya-Kaya; 12, 13 - mt. Koba-Kaya; 14 - mt. Sokol; 15 - mt. Karshiters; 16 — Kullu-Kaya rocks; 17 — the vicinity

of the village of Kudrino; 18 - mt. Chatyr-Dag.

Table 1. Nucleotide sequences of primers and PCR protocol used in this work (Hojjati et al., 2018)

Sequence name Size, b.p. Primer sequences PCR Protocol
ITS 1100 F: GGAAGGAGAAGTCGTAACAAGG 1.94°C-4min
..................................................................................... 2.34 cycles:
__________________________________________________________________________________________________________________ T T T AT ... 94°C-40s
petN-psbM 764 F: AACGAAGCGAAAATCAATCA 50°C-40s
..................................................................................... 50°C - 1.5 min
R: AAAGAGAGGGATTCGTATGGA 3.72°C-7min
trnS-trnG 700 F: GCCGCTTTAGTCCACTCAGC

18 samples of J. deltoides from different geographical
locations of the Crimean peninsula were selected for genetic
studies (see Fig. 1). DNA isolation from needles was carried
out using the DNeasy Plant Mini Kit (Qiagen, Germany).
The quantity and quality of the isolated DNA were analyzed
using an Inplen nanophotometer (Germany). For PCR ana-
lysis, nuclear (internal transcribed spacer ITS) and chloro-
plast (petN-psbM, trnS-trnG) non-coding regions of the ge-
nome were used. Marker gene amplifications were performed
using the universal primers and protocols described earlier
(Table 1, Hojjati et al., 2018), using the ScreenMix reagent
kit (Eurogen, Russia).

Sequencing of the obtained fragments was carried out on
the genetic analyzer NANOPHOR-05 (Syntol, Russia) in
the Resource Centre “Molecular Structure of Matter”. Elec-
trophoregrams unsuitable for analysis were obtained for two
samples during sequencing of the ITS nuclear fragment,
and the nucleotide sequences of 16 samples of the Crimean
population were further studied (Table 2). The obtained se-
quences of ITS, petN-psbM and trnS-trnG were compared
with those available in the database of the National Center
for Biotechnology Information (https://www.ncbi.nlm.nih.
gov/). The samples for comparison were taken from (Hojjati
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et al., 2018) and are indicated in Table 2. The alignment of
nucleotide sequences for each marker site and their integra-
tion into the combined matrix was carried out in the MegaX
program (Kumar et al., 2018). Phylogenetic reconstruction
was performed using the Bayesian method implemented in
MrBayes version 3.2.6 (Ronquist et al., 2012).

Haplotype diversity (HD), nucleotide diversity (m), and the
number of nucleotide substitutions (M) were calculated for
each species using DnaSP 6.0 (Rozas et al., 2017).

The relationships between haplotypes of sequences from
three marker sites were reconstructed by the TCS method
implemented in the PopArt program (Bandelt et al., 1999).

Results and discussion

In 2014, R.P. Adams (2014a) developed and published
a determinant key for J. deltoides, which makes it possible
to distinguish individuals of this species from J. oxycedrus.
According to the determinant, the maximum needle length
of J. deltoides is less than that of J. oxycedrus and equals
13.0 mm (for J. oxycedrus it is 15.0 mm). The length of
the needles of the Crimean population of J. deltoides is
12.94+0.19 mm, which corresponds to the dimensions de-
clared by Adams. At the same time, a significant number of
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Table 2. Codes, geographical location and Genbank codes of the analyzed samples

Sample code / species* Location Sequences Genbank code

CRMD16 mt. Tolaka-Bair

CRMD19 mt. Papaya-Kaya

CRMD22 mt. Sokol
s - tKobaKaya .......................................
S
s
s
Ry e
CRMD35Thev|c|n|ty ..........................................................................................................................................................

of the city of Inkerman

BAYLU 13730* Bulgaria
J. communis

FEHETUKA U CENIEKLMA PACTEHUIA / PLANT GENETICS AND BREEDING 309
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Table 2 (end)
Sample code / species* Location Sequences Genbank code
BAYLU8765* ............................................ A rmema .................................................. | Ts ........................................................ Lc42087o .................................
J. communis pethst """"""""""""""""""""" Lc420866
tms _tmG ............................................. Lc42086 9 .................................
BAYLug431*Turkey ..................................................... | Ts ........................................................ |_C420895 .................................
J. deltoides pethst """""""""""""""""""""""""" Lc420891
tms _tmG ............................................. Lc42089 4 .................................
B AY|_U87 9 5* ............................................ G reece ..................................................... | Ts ........................................................ |_C42093 0 .................................

J.drupacea

BAYLU 8796* ITS LC420935
J.drupacea pet N- ps oM T Lc420031
tms tmG ............................................. Lc42093 o
BAYLU8785* |Ts ........................................................ |_c420800 .................................
J. excelsa pethst """""""""""""""""""""" Lc420796
tms tmG ............................................. Lc42079 9 .................................
BAYLU9433*Turkey ..................................................... | TS ........................................................ |_c420850 .................................
J. excelsa
T 7 o o T
J. foetidissima pethst """""""""""""""""""""" Lc42089%6
tms tmG ............................................. |_c42089 9 .................................
T : rance ..................................................... o g

J. oxycedrus

BAYLU 9040*
J. oxycedrus

TARI IRN30492* Iran
J. oxycedrus

BAYLU 14171* Azerbaijan
J. polycarpos var. polycarpos

BAYLU 8757* Turkmenistan
J. polycarpos var. turcomanica

BAYLU 14316* Azerbaijan
J.sabina

BAYLug43o* Turkey ................................................................................................................................................................
J. deltoides

BAYLu14317* Azerbauan .........................................................................................................................................................
J.sabina

TAR| 17035* ............................................ A zerb auan |ran .................................................................................................................................................

J. foetidissima

*The samples taken for comparison from (Hojjati et al., 2018), their species are indicated,
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1 mm

\

Adaxial side

Fig. 2. Needles of the Crimean cryptic population (localization — mt. Tolaka-Bair):

a, general view; b, a schematic representation of the curvature of the adaxial surface of the needles.

Fig. 3. Morphological heterogeneity of cones of the cryptic population of Crimea.

individuals were found (in the vicinity of the city of Inkerman
and the village of Kudrino; on the mountains of Kara-Dag,
Koba-Kaya, Dragon, on the rocks of Kullu-Kaya and on Cape
Martyan), the length of the needles of which is from 18 to
20 mm. These individuals aroused the greatest interest for
further research. Needle width, according to Adams (2014a),
is also a defining feature. Under the conditions of the Crimea,
this indicator is 1.39+0.02 mm, which corresponds to the
western group of junipers, namely J. oxycedrus.

The needles had no differences in color and shape of the
base. All needles are light green with a deltoid base, which is
typical for J. deltoides (Fig. 2, a). At the same time, the cross
section of the needles showed that a significant part of the
individuals (34 %) are characterized by the curvature of the
adaxial surface of the needles (see Fig. 2, b). According to
Adams (2014a), this is a distinctive feature of J. oxycedrus.
The length of the needles with this type of stomatal bands is
11.87+0.24 mm. Thus, it was found that the morphological
features of the needles of the Crimean population of J. del-
toides simultaneously exhibit signs of both J. deltoides and
J. oxycedrus. On the basis of the identified features of the
vegetative organs, it is not possible to attribute individuals to
one of the species.

FEHETUKA U CENIEKLMA PACTEHUI / PLANT GENETICS AND BREEDING

The second distinctive morphological feature of junipers
are cones. In the case of the cryptic pair, J. deltoides/J. oxy-
cedrus, the main role in determining the species is played by
the inosculation of cone scale tips, and to a lesser extent, by
the size and color of the cone of cones, the presence or absence
of plaque on them.

The cones of the Crimean cryptic population have a signifi-
cant number of morphological variants (Fig. 3). At the same
time, the coloration is almost the same for all of them, and
the smoke-blue coating appears to varying degrees, regard-
less of the shape of the cones. The shape, in turn, differs very
much (from spherical to triangular). There are individuals
with cones, the covering cone scale tips of which are visu-
ally indistinguishable and their tops are completely fused.
A similar phenomenon is characteristic of J. oxycedrus. At
the same time, the needles of these individuals are defined
as the needles of J. delfoides. The second type of cones is
almost triangular due to clearly visible three covering cone
scale tips (characteristic of J. delfoides). The needles of these
individuals show signs of both species. To a greater extent,
there are intermediate variants, in which the bases of the cone
scale tips grow together, and their tops move away from each
other to varying degrees.
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J. sabina BAYLU 14317

—— J. polycarpos var. polycarpos BAYLU 14171

J. polycarpos var. turcomanica BAYLU 8757

J. excelsa BAYLU 8785

J. excelsa BAYLU 9433

J. foetidissima BAYLU 5645

J. foetidissima TARI 17035

Fig. 4. A phylogenetic tree constructed by the Bayes method based on a combined sequence including nuclear (ITS) and

chloroplast (petN-psbM, trnS-trnG) non-coding regions of the genome.
Node support values are shown in color.

The size of the cones turned out to be the most stable trait
and differed within the error on all test areas. The average
sizes of cones are: d, (conditional height) is 7.54+0.14 mm,
and d, (conditional width) is 9.11£0.09 mm, which is more
consistent with the Turkish population of J. deltoides.

Thus, the morphological analysis of the vegetative and
generative organs of J. deltoides showed that when these two
characters are combined; it is not possible to reliably distin-
guish between individuals of J. deltoides and individuals of
J. oxycedrus. J. oxycedrus is a basal species, while J. deltoides
is a cryptic one. As a result, the issue of conducting phyloge-
netic studies is especially acute for determining the systematic
belonging of the Crimean population to one of the species.

For phylogenetic analysis, the nucleotide sequences of three
marker sites (ITS, petN-psbM and trnS-trnG) of 16 Crimean
samples and 17 samples from the work (Hojjati et al., 2018)
were used (see Table 2).

Phylogenetic trees constructed from individual marker
sequences are presented in Supplementary Materials 1-31.
The use of ITS and petN-psbM marker sequences allowed

T Supplementary Materials 1-3 are available in the online version of the paper:
http://vavilov.elpub.ru/jour/manager/files/Suppl_Lantushenko_Engl_27_4.pdf
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us to obtain topologies where each species forms a separate
clade and their phylogenetic definition is unambiguous. The
topology obtained by analyzing the trnS-trnG sequences does
not allow separating the species of J. communis and J. del-
toids.

A phylogenetic tree was also constructed taking into account
all the nucleotide fragments studied in this work (Fig. 4). It
can be seen that the samples of each species form clades with
high (more than 75 %) support. The exception is the specimen
J. oxycedrus TARI IRN 30492, for which the phylogenetic
definition is not unambiguous: according to the sequences
trnS-trnG and petN-psbM, it forms a clade with samples of
the species J. deltoids, and according to the fragment of ITS
and the analysis of the combined sequences, it forms a clade
with species of the section Sabina. All the samples from the
Crimea studied in this work formed a clade with sequences
of the species J. deltoides 9430 and 9431 (BAYLU) growing
in Turkey. In this clade, three pairs of samples (CRMDI1 and
CRMD28, CRMD16 and CRMD27, CRMD33 and CRMD38)
form separate branches with high support, but there is no
correlation between them by phenotypes and geographical
location.
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Hap_9

Hap_10

10 samples

1 sample

@ J. oxycedrus
@ J. deltoides
@ J.sabina

@ J. polycarpos
@ J.excelsa

@ J.drupacea
O J. foetidissima
O J. communis
@ Crimea

Fig. 5. Haplotypic network constructed by the TCS method.

The color indicates belonging to the species, the size of the circle is the number of samples in the haplotype, small distances
are represented as dots (1 point — 1 replacement), for large ones the number of substitutions is given in brackets.

Table 3. Characteristics of the nucleotide sequences studied in this work

Parameter Length H
|-|-S ............................................................. 1 295 ........................... 1 0 ..............
pEthSbM ................................................ 8 96 ............................. 4 ..............
tms tmG .................................................... 785 ............................. 3 ...............
Combmedsequence .............................. 2 976 ........................... ” ...............

Hp T M
................. 0 86700041914
................. O 4420001407
................. 0 242000053
................. 0 875000224

Note. H is the number of haplotypes, Hp is the haplotypic diversity, 7t is the nucleotide diversity, M is the number of mutations.

The haplotypic network constructed from the nuclear and
chloroplast regions of the genome for the samples listed in
Table 2 is shown in Figure 5. It can be seen that the Crimean
population of J. deltoides is characterized by a quite large
number of haplotypes: 11.

In the previously studied populations of juniper trees of
other species (J. excelsa, J. polycarpos, and J. foetidissima)
on the northern border of the distribution area, in the Cri-
mea, the Caucasus and Dagestan (Sadykova et al., 2021),
much smaller haplotypic diversity was found: sequences of
17 J. excelsa samples form two haplotypes, 16 J. foetidissima
samples form four haplotypes, 15 samples of J. polycarpos —
one haplotype.

The genetic variability of nuclear and chloroplast regions of
genes was analyzed. The analysis of the parameters presented
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in Table 3 allows us to conclude that the greatest variability
is characteristic of the ITS nuclear fragment, and the least
variability is characteristic of the trnS-trnG fragment. The
greatest variability of the nuclear sites of marker nucleotide
sequences is characteristic of other juniper species (Mao et
al., 2010; Hojjati et al., 2018).

It follows from Figure 5 that the nucleotide sequences
of CRMD4, CRMD10, CRMD22, CRMD29, CRMD35,
CRMD40 samples formed a common haplotype with the
sequences BAYLU:9430 and BAYLU:9431.

The sequences obtained in this work formed a clade with
J. deltoides 9430 and 9431 (BAYLY) specimens growing
in Turkey (Table 4). Thus, the analysis carried out in this
work allows us to attribute the studied samples to the species
J. deltoides.
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Table 4. List of haplotypes of nucleotide sequences of samples of the Crimean population
and samples taken for comparison from the work (Hojjati et al., 2018)

Haplotype Species

Hap1 Juniperussabina BAYLU:14317, BAYLU:14316
‘Hap2 Juniperus polycarpos var. polycarpos BAYLU:14168
Hap.3  JuniperusfoetidissimaTARI 17035
Hap.4  Juniperusoxycedrus TARIIRN: 30492
Hap.5  JuniperusdrupaceaBAYLUB796
‘Hap.6  JuniperusdrupaceaBAYLUB795
Hap.7  Juniperusfoetidissima BAYLU:5645
‘Hap.8  Juniperus oxycedrus BAYLU:9040, BAYLU:9039
Hap.9  Juniperus communis var. oblonga BAYLU:8765
Hap 10 JuniperuscommunisBAYLU13730
Hap 11 Juniperus excelsa BAYLU:9433, BAYLU:B785
Hap_12 Juniperus polycarpos var. turcomanica BAYLU:8757
Hap_13 ...........................................................................................................
‘Hap_14  Juniperusdeltoides CRMDT
Hap_‘|5_jumperusdelto/deSCRMD7 ...................................
Hap_16Jumperusde/to,deSCRMDM ................................
Hap717Jun,perusde/to,descRMDm ................................
‘Hap 18 Juniperusdeltoides CRMD19
‘Hap_19  Juniperusdeltoides CRMD25
Hap_zoJun,perusde/to,deSCRMDy ................................
Hap_2‘|Jun/perusde/tOIdeSCRMng ................................
Hap_22_jumperugde/to,deSCRMD33 ................................
Hap723Jun,perusde/to,descRmms ................................
Conclusion

Based on the studies of vegetative organs, it was found that
the length of the needles of individuals of the Crimean cryptic
population is 12.94+0.19 mm, which is typical for this species.
At the same time, there are individuals with needles of much
greater length (18-20 mm). The cross section of the needles,
regardless of its length, in 34 % of cases shows signs of
J. oxycedrus, expressed in the curvature of its adaxial surface.

Cones manifest significant morphological heterogeneity.
Their shape varies from spherical to triangular, depending
on the degree of fusion of the covering cone scale tips. At the
same time, it was found that the same individuals can simul-
taneously show signs of J. deltoides (by vegetative organs)
and signs of J. oxycedrus (by generative organs).

Thus, we can conclude that these morphological features
are not reliable for determining the systematic affiliation of
individuals. Thus, the only possible way to determine it is to
conduct genetic research.

Phylogenetic analysis has shown that nuclear regions of
genes have greater variability than chloroplast ones. The
sequences obtained in this work for the Crimean population
formed a clade with samples of J. delfoides 9430 and 9431
(BAYLU) growing in Turkey, which makes it possible to at-
tribute the studied samples to the species J. deltoides.
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