ResearchGate

See discussions, stats, and author profiles for this publication at: https://www.researchgate.net/publication/364589438

Genetic diversity of Rhododendron redowskianum Maxim., a rare species of
Siberian and Far Eastern rhododendrons, based on plastid and nuclear DNA
markers

Article in Botanica Pacifica - January 2022

DOI: 10.17581/bp.2022.11215

CITATIONS READS
0 11

6 authors, including:

Q Maria A. Polezhaeva (3. Makar Modorov
20 PUBLICATIONS 231 CITATIONS &~ RussianAcademy of Sciences

42 PUBLICATIONS 134 CITATIONS

SEE PROFILE
SEE PROFILE
$ Maria Khoreva Elena Alexandrovna Marchuk
2 =« |
é Institute of Biological Problems of the North < Botanical Garden-Institute of the Far Eastern Branch of the Russian Academy of S...
17 PUBLICATIONS 53 CITATIONS 36 PUBLICATIONS 99 CITATIONS
SEE PROFILE SEE PROFILE

Some of the authors of this publication are also working on these related projects:

Project Genetic consequences of sable introductions on Western and Eastern Siberia View project

All content following this page was uploaded by Maria Khoreva on 24 October 2022.

The user has requested enhancement of the downloaded file.


https://www.researchgate.net/publication/364589438_Genetic_diversity_of_Rhododendron_redowskianum_Maxim_a_rare_species_of_Siberian_and_Far_Eastern_rhododendrons_based_on_plastid_and_nuclear_DNA_markers?enrichId=rgreq-6d1c8ec2a824c26d78672c746c41c29c-XXX&enrichSource=Y292ZXJQYWdlOzM2NDU4OTQzODtBUzoxMTQzMTI4MTA5MTYwNjMwMkAxNjY2NTY5ODY2Mzk2&el=1_x_2&_esc=publicationCoverPdf
https://www.researchgate.net/publication/364589438_Genetic_diversity_of_Rhododendron_redowskianum_Maxim_a_rare_species_of_Siberian_and_Far_Eastern_rhododendrons_based_on_plastid_and_nuclear_DNA_markers?enrichId=rgreq-6d1c8ec2a824c26d78672c746c41c29c-XXX&enrichSource=Y292ZXJQYWdlOzM2NDU4OTQzODtBUzoxMTQzMTI4MTA5MTYwNjMwMkAxNjY2NTY5ODY2Mzk2&el=1_x_3&_esc=publicationCoverPdf
https://www.researchgate.net/project/Genetic-consequences-of-sable-introductions-on-Western-and-Eastern-Siberia?enrichId=rgreq-6d1c8ec2a824c26d78672c746c41c29c-XXX&enrichSource=Y292ZXJQYWdlOzM2NDU4OTQzODtBUzoxMTQzMTI4MTA5MTYwNjMwMkAxNjY2NTY5ODY2Mzk2&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/?enrichId=rgreq-6d1c8ec2a824c26d78672c746c41c29c-XXX&enrichSource=Y292ZXJQYWdlOzM2NDU4OTQzODtBUzoxMTQzMTI4MTA5MTYwNjMwMkAxNjY2NTY5ODY2Mzk2&el=1_x_1&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Maria-Polezhaeva?enrichId=rgreq-6d1c8ec2a824c26d78672c746c41c29c-XXX&enrichSource=Y292ZXJQYWdlOzM2NDU4OTQzODtBUzoxMTQzMTI4MTA5MTYwNjMwMkAxNjY2NTY5ODY2Mzk2&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Maria-Polezhaeva?enrichId=rgreq-6d1c8ec2a824c26d78672c746c41c29c-XXX&enrichSource=Y292ZXJQYWdlOzM2NDU4OTQzODtBUzoxMTQzMTI4MTA5MTYwNjMwMkAxNjY2NTY5ODY2Mzk2&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Maria-Polezhaeva?enrichId=rgreq-6d1c8ec2a824c26d78672c746c41c29c-XXX&enrichSource=Y292ZXJQYWdlOzM2NDU4OTQzODtBUzoxMTQzMTI4MTA5MTYwNjMwMkAxNjY2NTY5ODY2Mzk2&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Makar-Modorov?enrichId=rgreq-6d1c8ec2a824c26d78672c746c41c29c-XXX&enrichSource=Y292ZXJQYWdlOzM2NDU4OTQzODtBUzoxMTQzMTI4MTA5MTYwNjMwMkAxNjY2NTY5ODY2Mzk2&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Makar-Modorov?enrichId=rgreq-6d1c8ec2a824c26d78672c746c41c29c-XXX&enrichSource=Y292ZXJQYWdlOzM2NDU4OTQzODtBUzoxMTQzMTI4MTA5MTYwNjMwMkAxNjY2NTY5ODY2Mzk2&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Russian-Academy-of-Sciences?enrichId=rgreq-6d1c8ec2a824c26d78672c746c41c29c-XXX&enrichSource=Y292ZXJQYWdlOzM2NDU4OTQzODtBUzoxMTQzMTI4MTA5MTYwNjMwMkAxNjY2NTY5ODY2Mzk2&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Makar-Modorov?enrichId=rgreq-6d1c8ec2a824c26d78672c746c41c29c-XXX&enrichSource=Y292ZXJQYWdlOzM2NDU4OTQzODtBUzoxMTQzMTI4MTA5MTYwNjMwMkAxNjY2NTY5ODY2Mzk2&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Maria-Khoreva?enrichId=rgreq-6d1c8ec2a824c26d78672c746c41c29c-XXX&enrichSource=Y292ZXJQYWdlOzM2NDU4OTQzODtBUzoxMTQzMTI4MTA5MTYwNjMwMkAxNjY2NTY5ODY2Mzk2&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Maria-Khoreva?enrichId=rgreq-6d1c8ec2a824c26d78672c746c41c29c-XXX&enrichSource=Y292ZXJQYWdlOzM2NDU4OTQzODtBUzoxMTQzMTI4MTA5MTYwNjMwMkAxNjY2NTY5ODY2Mzk2&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Institute_of_Biological_Problems_of_the_North?enrichId=rgreq-6d1c8ec2a824c26d78672c746c41c29c-XXX&enrichSource=Y292ZXJQYWdlOzM2NDU4OTQzODtBUzoxMTQzMTI4MTA5MTYwNjMwMkAxNjY2NTY5ODY2Mzk2&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Maria-Khoreva?enrichId=rgreq-6d1c8ec2a824c26d78672c746c41c29c-XXX&enrichSource=Y292ZXJQYWdlOzM2NDU4OTQzODtBUzoxMTQzMTI4MTA5MTYwNjMwMkAxNjY2NTY5ODY2Mzk2&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Elena-Marchuk?enrichId=rgreq-6d1c8ec2a824c26d78672c746c41c29c-XXX&enrichSource=Y292ZXJQYWdlOzM2NDU4OTQzODtBUzoxMTQzMTI4MTA5MTYwNjMwMkAxNjY2NTY5ODY2Mzk2&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Elena-Marchuk?enrichId=rgreq-6d1c8ec2a824c26d78672c746c41c29c-XXX&enrichSource=Y292ZXJQYWdlOzM2NDU4OTQzODtBUzoxMTQzMTI4MTA5MTYwNjMwMkAxNjY2NTY5ODY2Mzk2&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Botanical-Garden-Institute-of-the-Far-Eastern-Branch-of-the-Russian-Academy-of-Sciences?enrichId=rgreq-6d1c8ec2a824c26d78672c746c41c29c-XXX&enrichSource=Y292ZXJQYWdlOzM2NDU4OTQzODtBUzoxMTQzMTI4MTA5MTYwNjMwMkAxNjY2NTY5ODY2Mzk2&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Elena-Marchuk?enrichId=rgreq-6d1c8ec2a824c26d78672c746c41c29c-XXX&enrichSource=Y292ZXJQYWdlOzM2NDU4OTQzODtBUzoxMTQzMTI4MTA5MTYwNjMwMkAxNjY2NTY5ODY2Mzk2&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Maria-Khoreva?enrichId=rgreq-6d1c8ec2a824c26d78672c746c41c29c-XXX&enrichSource=Y292ZXJQYWdlOzM2NDU4OTQzODtBUzoxMTQzMTI4MTA5MTYwNjMwMkAxNjY2NTY5ODY2Mzk2&el=1_x_10&_esc=publicationCoverPdf

Botanica Pacifica. A journal of plant science and conservation. 2022.

DOI: 10.17581/bp.2022.11215

EARCH
PAPER

Genetic diversity of Rhododendron
redowskianum Maxim., a rare
species of Siberian and Far Eastern
rhododendrons, based on plastid and
nuclear DNA markers

Maria A. Polezhaeva'*, Makar V. Modorov', Olga A. Mochalova?®,
Maria G. Khoreva?, Marina N. Koldaeva® & Elena A. Marchuk®

Matia A. Polezhaeva '*
e-mail: polezhaevam@mail.ru

Makar V. Modorov !
e-mail: mmodorov@gmail.com

Olga A. Mochalova 2
e-mail: mochalova@jinbox.ru

Matia G. Khoreva *
e-mail: mkhoreva@ibpn.ru

Marina N. Koldaeva *
e-mail: mnkoldaeva@mail.ru

Elena A. Marchuk ?
e-mail: pimenova@botsad.ru

! Institute of Plant and Animal Ecology,
Ural Branch RAS, Ekaterinburg, Russia

2 Institute of Biological Problems of the
North FEB RAS, Magadan, Russia

? Botanical Garden-Institute FEB RAS,
Vladivostok, Russia

* corresponding author

Manuscript received: 27.09.2022
Review completed: 16.10.2022
Accepted for publication: 20.00.2022
Published online: 21.10.2022

ABSTRACT

The genetic diversity of 78 individuals of Rbododendron redowskianum Maxim.
from five natural populations of different territories of the Far East — Magadan
Region, Sakhalin Region, Primorye Territory and Northeast China was studied.
Variability of the species according to five markers of plastid DNA was very
low. The only one mutation was detected in one of the markers in a sing] indi-
vidual from Sikhote-Alin population. Analysis of the polymorphism of eight
nuclear microsatellites, on the contrary, revealed a high level of diversity in all
samples (mean values: Aa = 6.44, Ae = 4.43, Ho = 0.514, He = 0.523) and high
interpopulation differentiation (F.. = 0.299, p < 0.001). Population structure
analysis identified four genetic clusters that correspond to the four geographic
areas represented. Relationship analysis based on plastid DNA data revealed the
ancestral position of R. redowskianum in relation to the closely related species
R. camtschaticum Pall. s.l.

Keywords: Far East, plastid DNA, genetic variability, nuclear microsatellites, population
structure

PE3IOME

IToaesxaeBa M.A., MoaopoB M.B., Mouasosa O.A., Xopesa M.T'., Koaaa-
esa M.H., Mépqu E.A. T'enernaeckoe pasnoo?asne PEAKOro BHAA PO-
Aoaeaapona Cubupu u Aassuero Bocroka Rhododendron redowskianum
Maxim. o mapkepam xaoponaactaoii u aaepHoii AHK. Msygeno renern-
gecKkoe pasHooOpasme 78 00pasnos peaxoro Buaa Rbododendron redowskianum
Maxim. U3 IATH TIPHPOAHBIX ITONYAALINI PasAHYIHEIX pernoHos AassHero Boc-
Toka — Maraaarckoii n CaxaanHckoii oOAacteit, ITpumopckoro kpas n ceBepo-
BocTouHoro Kuras. VsmMeHYHBOCTD BHAA IIO IIATH MapKEPHBIM (pparMeHTaM
maactupanont AHK oxasasace ouens mmskoit. ITo oAHOMY U3 MapKepOB BBIAB-
ACHA CAMHUYHAA MYTAallUA B OAHOM obpasne n3 Cuxors-AAuHs. AHAAN3 ITOAH-
MOp(H3MA BOCBMI SACPHBIX MHKPOCATCAAUTOB, HAIIPOTHUB, IIOKA3aA BEICOKUI
YPOBEHB pasHOODPa3ns BO BCEX BEIDOPKAX (CPCAHHE 3HAYCHUSA YHUCAA AAACACH
Aa=0.44, spPexrnBHOro uncaa arseaeii Ae=4.43, HaODAFOAAEMOH U OKHAAC-
moi rereposurorHocta Ho=0.514, He=0.523, coOTBETCTBEHHO) M BBICOKYIO
mezxnonyadrmonnyro anddepenmmarmmo (Fo = 0.299, p < 0.001). Amaamns
ITONYASIIMOHHON CTPYKTYPBI BBIABHA YETBIPE TCHETHYCCKUX KAACTEPA, KOTOPBIC
COOTBETCTBYIOT YETHIPEM IIPEACTABACHHBIM reOrpapUaecKuM palioHam. AHAAU3
POACTBA, IIPOBEACHHBIH 110 AaHHBIM xAoponaactHoid AHK, BeusiBuA cecTpuu-
ckoe roaoxenue R. redowskianun o oTHOIIEHNTO K OAN3KOPOACTBEHHOMY BHAY
R. camtschaticun Pall. s.l.

KaroueBbIle CAOBa: ICHETHYCCKAS M3MEHYNBOCTD, AaapHuii Bocrok, momyasmuonsas
CTPYKTYpPa, MAACTHAHAA AHK, AACPHBIE MUKPOCATEAANTEI

The problem of protecting biodiversity has received
a lot of attention in recent decades. Among endangered
plants, species with medicinal and ornamental properties
are most often found. A special position is held by spe-
cies with relict and endemic habitats, as well as with the
sporadic nature of distribution. Rare distribution can be
caused by the loss of suitable habitats due to natural his-
torical processes, including changing climate, as well as due
to anthropogenic and technogenic transformation. All re-
presentatives of the genus Rbododendron have ornamental
and pharmacological properties, many of them have nar-
row ranges, so it is not surprising that in 2003 the world's
"The Red List of Rhododendrons" was created, which has
undergone more than 8 reprints (Gibbs et al. 2011). All

species of rhododendrons of Russia, about 12—16 species
(Aleksandrova 1975), are also included in the protection lists
of federal and regional levels. The least studied of them is
Rhododendron redowskianum Maxim. It is one of the smallest
rhododendrons, nevertheless, having wide distribution
area in Eastern Siberia and sporadic distribution in the
Far East. R. redowskianum is a deciduous shrub 8-20 cm
tall, with leaves up to 2 cm long and a corolla about 1.5-2
cm in diameter. As a rule, it grows in small thickets and
is confined to mountain ridges, damp stony screes, and
mountain tundras. Its range includes the mountains of
the Primorye, Sakhalin, Magadan Regions, Transbaikalia
and Khabarovsk Territories, Sakha-Yakutia Republic, not
reaching Chukotka. Outside Russia, it occurs in China and
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the Korean Peninsula (Aleksandrova 1975). The species is
included in the Red Data Books of the Republics of Bu-
ryatia and Sakha-Yakutia, Transbaikalia Territory, Irkutsk
and Sakhalin Regions (Plantarium 2007-2022). It is poorly
studied: mainly the information related to the study of
onto- and morphogenesis (Mazurenko 1980) and intro-
duction of the species into culture (Petukhova 2005) was
found. Studies of pollen shape (Sarwar & Takahashi 2013),
seed surface (Wang et al. 2007a), leaf epidermal features
(Wang et al. 2007b), as well as chromosome number, and
analysis of some molecular markers (Gao et al. 2002,
Goetsch et al. 2005) all support the separate position of
the Therorhodion section, to which R. redowskianum and R.
camtschaticum Pall. s.l. belong, This small section periodically
changes its status to genus, but the combination Therorhodion
redowskianuz Maxim. is rarely found in both Russian and fo-
reign literature. Along with classical methods for accounting
and monitoring of biodiversity, methods of analyzing the
population structure of species by means of molecular ge-
netic markers have been actively involved in recent decades.

The aim of this work was to characterize the level of ge-
netic variability of R. redowskianum in the Far East region, as
well as to clarify its phylogenetic relationships with closely
related R. camtschaticum s.1. For this purpose, the variability
of five plastid DNA loci and ten nuclear microsatellite loci
was analyzed in 78 specimens of R. redowskianum from the
natural populations from the territory of the Magadan
Region (Okhotsk-Kolyma watershed), Sakhalin Region,

Primorye Territory (Sikhote-Alin) and China (Changbai
Mountains) (Table 1, Fig, 1A).

MATERIAL AND METHODS

Plant material (leaves) was collected from five popula-
tions in the natural habitat of the species. The places of
collection and number of samples are shown in the Table 1.
DNA was extracted by the CTAB method (Devey et al.
1996) from silica gel-dried leaves. Amplification of plastid
intergenic spacers DNA was performed according to the
protocol and PCR temperature profile recommended by the
authors for five marker sites: #7#K-maflK (Johnson & Soltis
1995); trul-trnV (Dumolin-Lapegue et al. 1997); #ruH-psbA,
trnS-trnG (Hamilton 1999), and one part (TabCD) of the
trirT-trnE spacer (Taberlet et al. 1991). The sequences of
these fragments for six individuals from each population
were obtained by NANOFOR 05 genetic analyzer (Syntol,
Russia). Sequence alignment and accounting for variant
sites were performed using BioEdit software (Hall 1999).
The obtained fragment sequences were placed in GenBank
under accession numbers (ON508844 — ON508850). Con-
struction of the phylogenetic tree using sequences of plastid
DNA regions that we sequenced now for R. redowskianum
and eatlier for R. camtschaticum and R. glandulosum Standl.
ex Small (Polezhaeva et al. 2020), GenBank numbers
MN125545 — 125551, was performed using Mr. Bayes
software (Ronquist & Huelsenbeck 2003). For the primary
selection of nuclear microsatellite markers, amplification

Sea of Okhotsk

R.aureum
h4 R.redowskianum

h5 R.redowskianum

N h1 R.camtschaticum™
[: h2 R.camtschaticum ™

L h3 R.glandulosum™

0.40+

0.20+

0,0D_J_-——_-_—

3 Sakhalin

2 Kheta

1 Prjamoy

4 Sikhote-Alin

5 China

Figure 1 Geographic location of the studied populations of Rhododendron redowskiannm Maxim. (A); numbers correspond to the Table 1;
color of the circle corresponds to the color of the genetic cluster see part of figure "C". B — phylogenetic tree of the individuals, constructed
on the basis of variability of plastid DNA markers in the MrBayes prigram. (¥) marked specimens for which the sequences were taken from
Genebank. C — the probability of assigning 78 individuals to one of the four clusters on the basis of variability of nuclear microsatellites in

the "admixture" analysis in the STRUCTURE program
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with primers developed for other species, R. aureun Georgi
(Kwak et al. 2015) and R. ferrugineum 1.. (Chartier et al.
2014), was performed with polymerase chain reaction con-
ditions described by the authors. Ten loci showed stable
amplification: RA_10, RA_14, RA_137, RA_138, RA_148;
RF_G6P, RF_14, RF_46, RF_75, RF_113. The lengths of the
amplified fragments were determined on a NANOFOR 05
genetic analyzer (Syntol, Russia) in the presence of molecular
weight marker S-450 (Gordiz, Russia). Chromatograms
were interpreted in GeneMapper v. 4.0. Parameters of ge-
netic diversity and interpopulation differentiation, as well
as population structure were estimated using the Principal
Coordinate Analysis (PCoA) based on paired Nei’s distances
in the GenAlEx 6.5 program (Peakall & Smouse 2000).
Phylogenetic analysis by Bayesian clustering was performed
in Structure 2.2 (Pritchard et al. 2000). The algorithm was
applied in five replicates for each of the K values from 2 to
4 using the admixture model (which takes into account the
probable mixed origin of samples under the condition of
independence of allele frequencies between clusters) with
the number of iterations of 100,000. The optimal number
of groups was selected using the STRUCTURE harvester
program (Farl & von Holdt 2012).

RESULTS

The variability of the plastid DNA markers was very
low: when five marker fragments were sequenced in six
individuals from each population, only one, #nH-psbA,
showed a ten base pairs deletion in one individual from the
population from the Primorye Territory. This fragment was
sequenced in all 78 individuals, but the deletion was detec-
ted only in this one. No polymorphism was detected at two
nuclear microsatellite loci — RF_46 and RF_6P, so they were
excluded from the further analysis. The polymorphism of
the remaining eight loci in the populations ranged from
60 to 80%. The number of alleles detected at the loci in
all populations varies from 2 to 39: locus RA_10 revealed
17 alleles, RA_14-33 alleles, RA_137-10 alleles, RA_138-
19 alleles, RA_148-28 alleles, RF_14-2 alleles, RF_75-39
alleles, RF_113-6 alleles. The indices of genetic diversity
are presented in the Table 1. The mean number of alleles
per locus (Aa) varies in the populations from 3.2 to 8.2,
the effective number of alleles (Ae) from 2.27 to 6.10. The
values of observed (Ho) and expected heterozygosity (He)

Genetic diversity of Rhododendron redowskianum

ranged from 0.386 to 0.615 and from 0.372 to 0.628, res-
pectively. The mean values of these indices are: Aa = 6.44,
Ae = 4.43, Ho = 0.514, He = 0.523. The average value
of the fixation index F is 0.034, which indicates a small
deficiency of heterozygous genotypes. A large number of
unique haplotypes are observed in all samples: from 4 to 20.

The genetic differentiation between the analyzed po-
pulations was about 30 % (Fst = 0.299, p < 0.001). The
main contribution to the interpopulation differentiation is
made by loci RA_138 and RA_137 (32.4 and 47.2 %, res-
pectively). The genetic distances D Nei (Nei 1972) between
populations ranged from 0.062 to 0.571. Based on their
values, the population structure of the species was ana-
lyzed by the PCoA. On the ordination populations are lo-
cated according to geographical position: populations from
China and Sakhalin Island are considerably removed from
Magadan Region population, a little less distanced popu-
lation from Primorye Territory population. The first axis
accounts for 42.49 % of the variability, the second accounts
for 32.54 % (figure is not shown). Similar results were ob-
tained using the Bayesian algorithm. The maximum value of
the logarithm of the posterior probability was obtained for
four groups (K = 4). This means that the total sample can be
divided into four genetic clusters (Fig. 1B): two populations
from the Magadan Region are assigned to one of them;
the remaining populations represent independent genetic
clusters. In several individuals, mixed ancestry was revealed.

DISCUSSION

When analyzing the genetic diversity of R. redowskianum,
nuclear microsatellites were much more effective than plas-
tid DNA markers. The level of variability of the former is
high and comparable with that of other representatives of
the genus distributed in the Far Fast territory. For example,
in the alpine species, R. aurenm, the number of alleles per
locus varied from 4 to 29, the average diversity values were
Aa=5270; Ae = 3.37; He = 0.615; Ho = 0.595 I, = 0.037
(Polezhaeva et al. 2021). Similar values were found in rho-
dodendrons common in China, R. decorum, R. ovatum, and
R. simsii (Wang et al. 2013, Tan et al. 2009). Along with high
allelic diversity, there is high interpopulation differentiation
(F, = 0.299). Although this species, like all rhododendrons,
has small seeds that are easily dispersed by the wind, it does
not form mass thickets, grows sporadically, and begins to

Table 1. Geographic coordinates of collection sites and indices of genetic diversity of nuclear microsatellites in the studied

samples of Rhbododendron redowskianum

Population Coordinates N Aa Ae Ap Ho He Fis

1. Magadan Region, Khasynsky District, in the 61°36'N 152°09'F, 13 77 5.82 10 0.615 0.628 0.033

Kheta River : ) ’ ’ :

& Magadan region, Khasynsky district, Creck 0551\ 15125 17 82 610 20 0606 0609 0021
rjamoy

3. Sakhalin Region, Smirnykh District, Vaida — 490301\/142°20'E 19 61 353 18 0411 0461 0150
ountain

4. Primorye Territory, Sikhote-Alin, onq! 0911

e iy Dreriet. Onernms Platea 45°28'N/136°21'E 22 70 442 14 0555 0544 0.038

5. China, Changbai—Korean Autonomous o e oz

D e Moo 41°45'N/127°5TE 732 227 5 038 0372 -0.090

Mean 156 644 443 134 0514 0523 0.034

N — total number of individuals; mean indices for 8 loci in the population: Aa — number of alleles; Ae — effective number of alleles; Ap —
number of unique alleles; Ho — observed heterozygosity; He — expected heterozygosity; Fis — inbreeding coefficient
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flower and bear fruit in nature according to various data
by the 10—40th year of life (Mazurenko 1980), which ob-
viously complicates the interpopulation genetic flow. In this
study, the samples represented rather distant geographi-
cally, so this level of differentiation is natural. During clus-
tering, the program interprets some individuals as having
a mixed genetic nature: thus, in the populations from the
Magadan Region, three individuals with a high degree of
probability are attributed to the China cluster. This can be
explained by the fact that a larger population sample made
it possible to capture the ancestral polymorphism, since the
center of species diversity and dispersal of rhododendrons
is considered the southern regions of Asia (Irving & Hebda
1993). A higher level of heterozygosity is typical of popu-
lations from the Magadan Region, where R. redowskianum is
more abundant. Slightly less heterozygosity is in population
from the Primorye Territory and Sakhalin (Table 1). The
decrease in the level of variability in China, cannot be inter-
preted clearly because of the small population sample size.
The low genetic diversity of plastid DNA markers with
high diversity of nuclear microsatellites may be the result of
a decrease in the number of the species in the distant past
followed by the long-term existence of populations without
sharp fluctuations in abundance. A high number of unique
alleles in the population samples confirm this assumption.
This phenomenon is related to the effective population size
for markers having uniparental and biparental types of in-
heritance and to their mutation rate. The probability of a
decrease in the variability for slowly mutating plastid DNA
markers having maternal inheritance and spreading with
seeds is much higher when the population size decreases.
The effective population size for biparentally inherited ra-
pidly mutant nuclear microsatellites is twice as large, hence,
the probability of diversity conservation is higher.

Of particular interest is the question of the origin of
R. redowskianum. In the monograph "Flora of Suntar-Khaya-
ta", Yurtsev (1968) suggested the origin of R. redowskianum
as a derivative of the oceanic mountainous species R. cam-
tschaticum. He suppose that its isolation was related to the in-
creasing continental climate of the highlands remote from
the sea, and possibly to the glaciation of coastal mountain
ranges (separation of coastal and inland populations).
Note that R. redowskianum is really confined to continental
mountain areas and has a range extending westward to
Lake Baikal, it is absent in Chukotka and did not cross
the Beringian bridge in the past, unlike R. camtschaticum (in
its broad sense), which has a prioceanic amphiberingian
distribution. We previously studied the variability of three
plastid DNA markers (#rnK-mafl trao¥-trnV; truH-psbA)
in R. camtschatioum and its subspecies R. camtschaticum ssp.
Gandulosnm (Standl) Hult. in Kamchatka, which yielded
three haplotypes h1 and h2 in the former and h3 in the
latter taxon (Polezhaeva et al. 2020). For R. redowskianum,
from the sequences of these three plastid DNA markers,
the haplotypes h4 (common) and h5 (identified in the only
one individual from Sikhote-Alin) were compiled. On the
phylogenetic tree (Fig. 1B), constructed on the basis of the
variability of these markers, the haplotype branch of R. re-
dowskianum occupies a sister position, i.e., indicating that

the separation of this species preceded the diversification
within the R. camtschaticum s.l. clade. The same position was
previously obtained using another set of genetic markers
of plastid and nuclear DNA (Oliver et al. 2014). Thus,
the assumption about the origin of R. redowskianum from
R. camtschaticum is not confirmed.

CONCLUSION

The observed pattern of different levels of variability
for different types of markers indicates the importance of
selecting suitable tools when assessing the genetic diversity
of species for which biodiversity conservation programs or
management planning are being developed. Even among
the many nuclear microsatellite loci successfully amplified
at the selection stage, not all were highly polymorphic, and
only a few with high differentiation power. In general, we
can conclude that R. redowskianum in the Far East has a high
genetic diversity, despite its sporadic distribution. Clarification
of phylogenetic relationships in the Therorhodion section
requires further study with involvement of more specimens
of other species of the section.
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