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Abstract. The breeding of remontant rose cultivars that are resistant to diseases and adverse conditions, with high
decorative value and continuous flowering is the most important task during work with the gene pool of garden roses.
Currently, intercultivar hybridization within a single garden group has largely outlived its usefulness. It is necessary to
breed for highly decorative forms or cultivars that have outstanding resistance, morphological characters and patterns
of seasonal rhythms, and use these plants as parental forms in further breeding. This study represents a comparative
analysis of rose cultivars from two garden groups, Grandiflora (Gurzuf, Lezginka, Korallovy Syurpriz, Queen Elizabeth,
Komsomolsky Ogonyok, Love) and Rosa Kordesii (Letniye Zvyozdy, Dortmund, Gutsulochka). These cultivars proved
themselves during many years of testing in harsh climatic conditions. The objectives of the study were to determine
the genetic relationship within the groups and to assign phenotypically different cultivars to one or another garden
group. The analysis was carried out by morphological, phenological and ISSR markers. According to the phenological
observations on the Grandiflora cultivars, Komsomolsky Ogonyok had later budding and flowering stages. Polymor-
phic data generated from the ISSR markers showed that this cultivar was the most distant from the others and formed
a separate cluster on the dendrogram. A comparison of the morphological characters (flower diameter, number of
petals, peduncle length, bush height) showed a significant difference (p < 0.05) between Komsomolsky Ogonyok
and the other Grandiflora cultivars. A dendrogram based on a molecular analysis showed a lack of close relationships
between Komsomolsky Ogonyok and the Kordesii group, which formed a separate cluster. A pairwise comparison of
the morphological characters in Komsomolsky Ogonyok with the Kordesii group revealed a significant (p < 0.05) dif-
ference in three of the four characters studied. The exceptions were flower diameter when comparing with Dortmund
and Letniye Zvyozdy and peduncle length when comparing with Gutsulochka. Although Komsomolsky Ogonyok has
a pattern of seasonal development similar to Dortmund in the Kordesii group, the molecular analysis did not assign
the former to this group of roses. The cultivars that have valuable characters that no average rose does and that are
phenotypically different from such roses represent the most valuable breeding material.
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MopdonornuecKkuii 1 MOJIEKY/ISPHbIV aHaIN3 COPTOB PO3
113 CaJOBBIX I'PVIII Ir'pauamudiaopa 1 po3sl Kopaeca
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AHHoTauus. [OUCK 3MMOCTOIKIX, YCTONUMBBIX K FPMOHBIM 60NE3HAM COPTOB, XapaKTePU3YOLLMXCA BbICOKON AeKopa-
TUBHOCTbIO, PEMOHTAHTHbIM 1 MPOAOIKUTENBbHbBIM LIBETEHMEM, IBNAETCA BaXKHeNLWeN 3aaayei npu paboTte ¢ Kosiek-
LIMOHHbIM reHoGOHAOM CafloBbIX PO3. B HacTosAwee Bpema MeXcopToBasa rmbpramnsaumna pos B npegenax ogHomn cago-
BOW rpynnbl BO MHOFOM 1cyeprana cebs. TpebyeTca NOUCK BbICOKOAEKOPATUBHbIX GOPM 1IN COPTOB, BbIAENAOLMXCA
Mo Pe3UCTEHTHOCTU, MOPPONOTNYECKNM U PUTMOSTIOTMUYECKM MPU3HaKaM 1A NCNONb30BaHNA B CeneKkunmn B KayecTBe
poanTenbcknx ¢opm. B paboTe BbINOMHEH CPaBHUTENbHBIN aHaNM3 COPTOB M3 ABYX CAZOBbIX IPynn — rpaHandnopa
(T'yp3yd, Nesrunka, Kopannosbinn ctopnpus, Queen Elizabeth, Komcomonbckuin oroHék, Love) n kopgesun (JleTHue
3Bé31bl, Dortmund, lyuynouka). 3T copTa XOpoLLo nokasanu cebs B TeUeHNe MHOMX NeT UCMbITaHUI B CYPOBbIX K-
MaTuyeckunx ycnosusx. Llenbto nccnegosaHms 66110 onpeneneHre CTENEHN POACTBa BHYTPU FPyMn U yCTaHOBMEHWE
BO3MOXHOW MPUHALNEXHOCTU GeHOTUNNYECKM Pa3fiMyaloLmMXca COPTOB K OfHOW 13 rpynn. AHann3 NpoBOAWAN MO
Mopdonornyecknm, peHonormyecknm nprsHakam, a Takke ¢ nomouubto ISSR-mapkepos. Mo pesynbratam peHonoru-
yeckux HabnogeHw B rpynmne rpaHaudnopa Boigennncsa copT KoMcoMonbcKuin oroHéK: 6onee nospgHee BCTyNeHre
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B ¢a3bl OyToHM3aumm 1 LBeTeHVA. [laHHble nonnMopdursma, NonyyeHHble Ha OCHoBaHUK ISSR-MmapKrpoBaHKA, NoKa-
3au, YTO OH yAaneH oT APYrvX COPTOB, 06pasys Ha AeHAporpamMmme oTAeNbHbIN Knactep. CpaBHeHMe COPTOB PO3 MO
MopdonornyeckMm npusHakam (AramMeTp LBeTKa, KOMYEeCTBO NenecTKOB, A/IMHA LIBETOHOCA, BbICOTa KyCTa) TakKe
CBMAETENbCTBYET O JOCTOBEPHbIX OTNNUmAX (p < 0.05) copTa KOMCOMONBbCKMIA OFOHEK OT OCTasIbHbIX COPTOB FPYMMbl
rpaHgudnopa. leHaporpamma, NOCTPOEHHaA Ha OCHOBaHMN MONEKYNIAPHOrO aHanM3a, Nokasana oTcyTcTBre 6nms3-
Koro pofcTBa copta KOMCOMObCKNIA OFOHEK 1 rpynnbl KopAesnu, KoTopble GopMmMpoBanu oTaenbHbIn knactep. Mpu
nonapHoOM cpaBHeHVM MOPPONOrMyecKmnx nokasarenen copta KoOMCoMonbCKMiA OrOHEK 1 rpynnbl KOpAe3nmn obHapy-
KeHo pocToBepHoe pasnuumne (p < 0.05) No Tpem U3 YeTbipex N3yYeHHbIX MPU3HAKOB, 3a UCKIIIOYEHEM AMameTpa
uBeTKa (Mpu cpaBHeHUU ¢ copTamu Dortmund v JleTHre 3BE3abl1) 1 ANIMHE LBETOHOCA (MpuY CpaBHeHWM ¢ Myuynoukon).
HecmoTpa Ha To UTo KOMCOMONBCKIMIA OFOHEK Mo GeHoPUTMIKE CXOX ¢ copTom Dortmund u3 rpynnbl Kopgesuu, mosne-
KyNsApHbIA aHanu3 He NO3BONAET OTHECTU ero K faHHON rpynne po3. Takue copTa, GeHOTUNMYECKM OTAnYatoLwmecs ot
obuelt Maccbl 1 obnagatoLyme pAAOM LieHHbIX MPU3HAKOB, ABMAITCA LIeHHENLLNM CeNeKLMOHHbIM MaTepranom.

KntoueBble cnoBa: Rosa L.; rpaHaudnopa; po3bl Kopgeca; ISSR-mapkepbl; Mopdonornyeckme npusHaky; deHonormye-

CKue HabnogeHus.

Introduction

Roses (Rosa L.) are among the oldest plants cultivated by man
not only for decorative use but also for perfumery, medical
and culinary purposes. The genus includes about 200 species;
however, only 10—15 of them have contributed to the garden
groups of modern roses (Cairns, 2007). According to the
modern classification, the world’s entire collection represented
by 40,000 cultivars is subdivided into 36 horticultural groups
(Annotated Catalog ..., 2018; Plugatar et al., 2019). The most
valuable quality of the cultivars from the Tea-Hybrid, Flori-
bunda, Grandiflora, Rosa Kordesii, Polyanthus and Miniature
groups is their ability for remontant flowering (Klimenko,
2010; Gorodnyaya, 2014; Tyshchenko, 2015), which is bio-
logically conditioned by the presence in their hereditary basis
of the genetic material from the evergreen species of section
Indicae that do not tolerate winter well and are not prone to
winter dormancy.

One of the main criteria for selecting garden rose culti-
vars promising for cultivation in harsh climatic conditions is
flowering of their annual shoots (Vasilyeva, 1999). However,
this biological feature is not characteristic of all garden groups
and not of all species of the same garden group, . g. most cul-
tivars of large-flowered climbing (LCl.) roses produce genera-
tive shoots on perennial shoot formation systems (SFSs) that
die almost every year due to severe winters (Pashina, 2011;
Kapelyan, 2017; Plugatar et al., 2018). For that reason, in terms
of rose gardens grown in continental climate, along with the
Tea-Hybrid and Floribunda, such groups as Grandiflora and
Rosa Kordesii are of great interest.

The Grandiflora (Gr.) roses were bred in the 1950s solely
based on their morphological characters and with no regard
to the origin, they resulted from crossed Floribunda and Tea-
Hybrid roses. They are praised for their abundant and remon-
tant flowering, as that of the Floribunda, as well as for the
long straight shoots with large flowers of different colors
resembling those of the Tea-Hybrid. Unlike the latter, the
Grandiflora roses grow not single flowers but small-flower
inflorescences. The most important character of the group
has been their growth strength and higher winter hardiness if
compared to Tea-Hybrid roses.

Kordes Roses, or Rosa Kordesii, is a relatively young gar-
den group, selected from a spontaneous Rosa rugosa x Rosa
wichuraiana hybrid by the W. Kordes’ Sohne Company,

whose breeding priority has been selection of unpretentious
and winter-hardy forms. Their features are abundant flowering
from June to late fall, high winter hardiness and increased re-
sistance to diseases (Bardakova, 2017; Adritskaya, Kapelyan,
2022). In harsh climates, these roses grow flowers on annual
shoots, which can make them a substitute for the climbing
roses flowering on perennial SFSs and poorly surviving Sibe-
rian winters.

A striking representative of Rosa Kordesii is the Dortmund
roses that are often used in breeding as a parental form for
being resistant to fungal diseases. In the Nikitsky Botani-
cal Garden, Z.K. Klimenko cultivated such Rosa Kordesii
cultivars as Letniye Zvyozdy and Gutsulochka (Klimenko,
Rubtsova, 1986) that have proved to be highly decorative and
stable in harsh climatic conditions. Queen Elizabeth is the
most popular representative of the Grandiflora group, known
for its decorative features and complex resistance, and for
these reasons it has been repeatedly used in breeding. Among
the Russian members of the group, Komsomolsky Ogonyok
(Charlotte Wheatcroft x Gloria Dei cross) is the most popular.
Its long-term trials carried out in the Central Siberian Botani-
cal Garden of the Siberian Branch of the Russian Academy of
Sciences (CSBG SB RAS) demonstrated that it was phenotypi-
cally different from the Grandiflora group but had similarities
with Rosa Kordesii. For that reason, the research presented in
this paper was to evaluate the cultivars from the Grandiflora
and Rosa Kordesii groups based on their morphological and
molecular genetic characters in order to determine the kin-
ship within the groups and to possibly establish whether the
phenotypically distinguished cultivars belonged to one of the
groups mentioned.

An additional goal was investigating CSBG SB RAS col-
lection’s gene pool for valuable forms to perform further
breeding. Considering Siberia’s harsh continental climate,
we searched for cultivars of high winter hardiness, resistant
to fungal diseases and characterized by remontant and pro-
longed flowering.

To evaluate the collection’s genetic polymorphism, ISSR
(inter simple sequence repeats) analysis was employed. The
technique interprets the DNA sequences flanked by micro-
satellite loci, has good reproducibility and does not require
cloning and sequencing of DNA fragments for primer selec-
tion, thereby significantly reducing its cost and labor intensity.
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Considering that the number of microsatellite repeats is very
high in the genome in both animals and plants, this method is
avery convenient tool for genetic analysis (Amom, Nongdam,
2017; Dorogina, Zhmud, 2020).

Materials and methods

In our study, we investigated the roses of the Grandiflora
(Gurzuf, Lezginka, Korallovy Syurpriz, Queen Elizabeth,
Komsomolsky Ogonyok, Love) and Rosa Kordesii (Letniye
Zvyozdy, Dortmund, Gutsulochka) groups. The Grandiflora
roses had (1) small inflorescences of large flowers in different
colors; (2) tall bushes reaching up to 2 m in height if grown
in southern Russia; (3) large and glossy leaves; (4) abundant,
remontant flowering; (5) sufficiently high winter hardiness,
which is favorable for Siberia. The Kordesii roses, on the other
hand, were characterized by high winter hardiness, resistance
to diseases and abundant long flowering. In a continental
climate, this group can partially substitute climbing roses be-
cause they flower on annual shoots.

The roses’ morphobiological characters such as flower
diameter, number of petals, peduncle length, and bush height
were studied during five summer seasons from 2017 to
2021. The study was carried out at CSBG SB RAS’s Col-
lections of Living Plants in Open and Protected Grounds,
USU 440534 (54°49'13.8" N 83°06'13.3" E). To evaluate the
morphobiological characters, standard methods were applied
(Methodology of State Variety Testing..., 1968; Klimenko
et al., 2019; Suprun, 2021). Phenological observations were
carried out according to I.N. Beideman’s method (1974) with
modifications (Fomina, 2012). Student’s #-test was used to
confirm the reliability of the differences obtained for metric
characters (Haynes, 2013). Average mean and standard error
M + x were calculated using 20 plants.

For DNA isolation, the CTAB method with some modifica-
tions was used (Doyle J.J., Doyle J.L., 1987). Amplification
was carried out according to the following program: primary
denaturation for 2 min at 95 °C; 35 amplification cycles —
denaturation for 20 sec at 94 °C, primer annealing for 45 sec,
elongation for 1.5 min at 72 °C; final elongation for 7 min at
72 °C. PCR and further electrophoretic separation of ampli-
fication products were performed in 1-1.5 % agarose gel in
1x TBE buffer according to standard methods (Vasilyeva et al.,
2020). The list of ISSR primers used in this work, their cha-
racteristics and annealing temperatures are given in Table 1.
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Quantitative assessment of marker polymorphism and
determination of the level of divergence between the studied
forms were performed in a binary matrix where the presence
or absence of PCR fragments of equal size was denoted as 1
or 0. For statistical data processing, the TREECON software
(Van de Peer, Wacher, 1994) was used. The genetic distances
were calculated as:

GD,, = 1 - 2N, /(N, + N,).

Here, N, is the number of total fragments for samples x and y,
Ny and N, are the number of fragments for samples x and y,
respectively (Nei, Li, 1979).

The nearest neighbors algorithm with bootstrap support of
at least 100 was employed to build ISSR marker distribution
dendrograms. The polymorphism level (P, %) of each primer
was calculated by the formula:

P =100 x N,/N,

where N, is the number of polymorphic fragments and N is
the total number of fragments.

Results
The vegetation period of roses in Siberia includes the following
stages: aftergrowth; current-year shooting; budding; first (I)
and second (II) flowering; defloration. As for more favorable
climatic conditions in some, mainly southern, regions of Rus-
sia, garden roses have a third (IIT) flowering stage. The long-
time average annual data accumulated during phenological
observations of 20172022 demonstrated that the Grandiflora
roses had earlier shooting regrowth than the Kordesii ones,
despite the winter shelter being removed from the entire col-
lection at the same time (Table 2). The time required for the
shoots to produce the first flowers is more extended in the
Kordesii roses, which is due to the more powerful shoots with
a greater number of internodes than those of the Grandiflora;
however, reflowering was less prolonged in the Kordesii roses.
Among the studied cultivars, the earliest flowering was
observed in the foreign Grandiflora roses (Love and Queen
Elizabeth). The time Queen Elizabeth entered the flowering
phase on average came at the 61st day after removing winter
shelters and beginning of vegetation, which was significantly
(p <0.01) different from all the cultivars studied, except for
Love: its time to flowering was close to that of Queen Eliza-
beth. The other cultivars bloomed in 72-79 days from the

Table 1. Characteristics of ISSR primers used to study Grandiflora and Kordes Roses

Primer Sequence, 5'-3’ Annealing temperatures, °C
HB12 ............................................................ (CAC) 3GC ..................................................... 42 ................................................................
178993 ......................................................... (CA)GGG ....................................................... 42 ................................................................
UB C807 ........................................................ (AG)gT .......................................................... 52 ................................................................
UB C834 ........................................................ (AG)SYT ........................................................ 60 ................................................................
UBC855 ........................................................ (AC)SYT ........................................................ 50 ................................................................
M2 ................................................................ (AC)BYG ........................................................ 50 ................................................................
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Table 2. Long-term phenological data of rose cultivars from the Grandiflora and Kordes Roses groups

(Novosibirsk, 2017-2021)

Cultivar Spring Bud First bloom cycle Second bloom cycle

sprouting FOTIMGLION """+ esssssssss s ess e e R s R

Beginning  End Duration, Beginning  End Duration,
days days

......................................................................................................... G randlﬂoragroup
Gurzuf ................................... 070512170612 .......... 090712 ........ 2407i416 ..................... 1208i4 ........ 071012 ........ 57 ....................
Lezgmka ............................... 0405i4 ......... 1506i21207i2 ........ 30071,319 ..................... 1708i2 ........ 2209i3 ........ 37 ....................
Korallovy Syurpriz 05053 0906+2  07.07+3 2707¢2 21 1208+3  1010%2 60
QueenEhzabeth ................... 0205i3 ......... 0506i3 .......... 260613 1407i2 19 ..................... 0308i2 ........ 0210i3 ........ 61 .....................
‘KomsomolskyOgonyok 04052  1806+2  0907+2 25073 17 N08+2 2809¢3 39
Love ...................................... 050513 ......... 070613 .......... 290614 ........ 220712 ........ 24 ..................... 1408i3 ........ 031014 ........ 51 .....................
....................................................................................................... RosaKordes"group
Letmyez\,yozdy ................... 1005i3 ......... 200612 .......... 090713 ........ 280712 ........ 20 ..................... 1808i3 ........ 21 09i3 ........ 35 ....................
Dortmund ............................. 0805i2 ......... 230614140712 ........ 31071,318 ..................... 2408i4 ........ 26091,3 ........ 33 ....................
Gutsmochka ......................... 1005i4 ......... 2006i3 .......... 0807i3 ........ 0308i3 ........ 27 ..................... 1908i3 ........ 1909i3 ........ 32 ....................

Table 3. Morphological characters of rose cultivars from the Grandiflora and Kordes Roses groups

Cultivar Flower diameter, cm

Queen Elizabeth 8.75+0.22 29.92+0.71
Korallovy Syurpriz 927018 24754081
Gurzuf 1024i019 .......................... 3565i091
Lezgmka ..................................... 897i023 .......................... 25201079
Love ............................................ 9421020 .......................... 3285i084
Komsomolsky Ogonyok 7924014 2125+064
Dortmund .................................. 7581,017 ............................ 675i166
Gutsulochka 680£017 2560098
LetmiyeZwyordy 8204017 42154160

beginning of vegetation with Lezginka and Komsomolsky
Ogonyok being the latest-blooming in the Grandiflora group.

Study of the phenological phases demonstrated that Komso-
molsky Ogonyok entered the budding phase later than all the
other grandiflora flowers, so Komsomolsky Ogonyok, by this
indicator, was closer to the Kordesii. Moreover, Komsomolsky
Ogonyok’s second flowering started later than that of other
representatives of the Grandiflora group and was similar to
that of the Kordesii roses. Its phenorhythmics! turned out to

1 Phenorhythmics describes the phenological rhythms of growth and develop-
ment of organisms, adapted to the seasonal rhythm of environmental factors
and expressed in a clear alternation of phenological phases. The alternation of
phenophases is illustrated by phenospectra (Dedu, 1989).
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Number of petals per flower Peduncle length, cm

be closest to that of the Dortmund cultivar from the Kordesii
group (see Table 2).

Such morphological characters as flower diameter, number
of petals, peduncle length and rose-bush height were inves-
tigated. The cultivars were compared separately by garden
groups according to the classification of the World Federation
of Rose Societies (WFRS). The analysis demonstrated that
Komsomolsky Ogonyok also significantly differed from the
other cultivars (Table 3): it had statistically significant diffe-
rences (p < 0.05) for all characters with Queen Elizabeth and
Lezginka, as well as for three characters (flower diameter,
number of petals and bush height) with Korallovy Syurpriz.
Comparison against Gurzuf and Love also showed statistically
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Fig. 1. Electrophoregram of PCR products obtained by DNA amplification
with ISSR primer HB12 - (CAC);GC.

Tracks with designation of samples: 7 — Komsomolsky Ogonyok, 2 - Queen
Elizabeth, 3 - Korallovy Syurpriz, 4 - Lezginka, 5 - Gurzuf, 6 - Love; track M -
DNA marker.

significant differences (p < 0.05) for two characters (flower
diameter, number of petals). The found pheno- and morpho-
logical characters gave us grounds to assume that Komsomol-
sky Ogonyok should not be referred to the Grandiflora group
because its small flower diameter and small number of petals
made it closer to the Kordesii roses.

However, comparing Komsomolsky Ogonyok’s morpho-
metric characters to those of the Kordesii revealed statistically
significant differences as well (p < 0.05): it differed from
Dortmund and Letniye Zvyozdy by the number of petals,
flower stalk and bush heights, and from Gutsulochka by flower
diameter, number of petals and bush height.

So, the analyzed phenological phases and morphometric
characters showed that Komsomolsky Ogonyok differed from
the cultivars of both groups. To assess the degree of kinship,
ISSR analysis was employed.

DNA amplification with six ISSR primers identified
122 PCR fragments ranging from 250 to 3,000 bp in length,
including 109 polymorphic ones. The number of amplifica-
tion fragments ranged from 18 (markers HB12 and UBC834)
to 23 (17899B) (Fig. 1). The level of polymorphism detected
by a single primer ranged from 77.8 % (HB12) to 94.4 %
(UBCS855) and averaged to 91.42 %.
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61 —— Queen Elizabeth
Korallovy
70 Syurpriz
Gurzuf
35
Love
Komsomolsky

Ogonyok

Fig. 2. Dendrogram built with the Neighbor-Joining algorithm based on
PCR spectra data of cultivars from the Grandiflora group.

Numbers at nodes show the level of statistical support (100 bootstrap repli-
cates). Numbers at the top show genetic distance.

Based on the obtained results, the samples in the study
were divided into three clusters (Fig. 2): Cluster I including
Lezginka, Queen Elizabeth and Korallovy Syurpriz; Clus-
ter II including Gurzuf and Love. Komsomolsky Ogonyok
was found to be the most distant from the other cultivars and
formed a separate Cluster III.

Queen Elizabeth, bred in the middle of the 20th century,
has been widely used for breeding new cultivars, and most
likely was a parental one for the Lezginka roses bred in the
Nikitsky Botanical Garden in 2005, which was evidenced by
the statistically significant? (>90) genetic distance (0.1).

At the next stage of our study, we compared Komsomol-
sky Ogonyok with the cultivars from the Kordesii group.
This comparison revealed 103 amplified fragments ranging
from 350 to 2,000 bp in length, including 97 polymorphic
ones. The total number of identified fragments ranged from
15 (UBC855) to 19 (HB12) (Fig. 3). The level of poly-
morphism detected by a single primer ranged from 88.9 %
(17899B) to 100 % (M2) and averaged to 94.25 %.

The comparison showed no affinity between the Komso-
molsky Ogonyok and Kordesii roses (Fig. 4). The highest
kinship score was found for Dortmund and Letniye Zvyozdy.
Apparently, the Dortmund cultivar was a parental one in this
pair. Gutsulochka was also found to be related to the Dort-
mund and Letniye Zvyozdy cultivars, but their kinship was
less pronounced and its statistical significance was somewhat
lower, so these three cultivars of the Kordesii group were
brought into Cluster IV.

Thus, the results of molecular analysis as well as investiga-
tion of the pheno- and morphometric parameters of the roses
in the two groups have shown that Komsomolsky Ogonyok
stands out from the members of both groups.

Discussion

The classification system for garden roses has been refined
and undergone various, sometimes diametrically opposed,
changes over the past 50 years; until the 1970s, the world’s

2 Confidence measure for a node of interest of >70 (95 % Cl) is considered as
highly reliable.
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Fig. 3. Electrophoregram of PCR products ob-
tained by DNA amplification with ISSR primer
UBC855 - (AC)gYT.

Tracks with designation of samples: 7 - Dortmund,
2 - Letniye Zvyozdy, 3 - Komsomolsky Ogonyok,
4 - Gutsulochka; track M — DNA marker.

garden roses amounted to approximately
25,000 cultivars subdivided into 30 gar-
den groups (Bylov et al., 1972). In the
1980s (Klimenko, Rubtsova, 1986), fo-
reign specialists in rose breeding and va-
rietal evaluation reduced the number of
garden groups to 16. One of the most
prominent examples of this merger was
the Rambler (climbing roses) group now
uniting the Multiflora and Wichuraiana
roses. Initially, these groups had clear
differences, as they were bred from two
different species belonging to the same
Synstylae section, Rosa multiflora Thunb.
and R. wichuraiana, respectively. But fur-
ther crosses between these groups resulted
in cultivars with the characters common
to the original species, and obvious dis-
tinction between the groups disappeared.
Remarkably, modern molecular genetic
studies (Cui et al., 2020) still distinct the
original species.

Morphological and molecular analysis of rose cultivars
from the Grandiflora and Kordesii garden groups
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Fig. 4. Dendrogram built based on ISSR-PCR data for cultivars from the Kordes Roses group.

Numbers at nodes show the level of statistical support (100 bootstrap replicates). Numbers at the top
show genetic distance.

The genetic studies to clarify taxonomic, phylogenetic relationships in roses are
intensively developing. They include building genetic, genomic and transcriptomic
tools to investigate the molecular mechanisms underlying the creation of some rose
species (Bendahmane et al., 2013; Duta-Cornescu et al., 2017; Li et al., 2018). In
particular, the genetic kinship of the Taif roses to some rose genotypes (Rosa sp.)
was assessed based on random amplified polymorphic DNA and simple sequence
repeat markers inter and simple (El-Assal et al., 2014), and Chinese researchers
identified the transcripts common to the rose family, which should help clarify
the phylogenetic relationships in it (Li et al., 2018).

Rose introduction and breeding has had a long and complex history since the
plant has been crossbred in completely different regions of the world, such as
Europe, Asia and the Middle East. Domesticating the rose, breeders have con-
centrated on several characters affecting flower quality such as periodic flower-
ing; terry flowers; petal coloration and fragrance (Bendahmane et al., 2013).
So, stimulation of flowering, flower longevity, and creation of novelty in flower
structure, color range and fragrances are the main objectives of ornamental plant
breeding today. New genome editing techniques offer new opportunities to study
the rose’s gene function and develop new cultivars for the floriculture industry
(Giovannini et al., 2021). Knowing the genetic structure of a species, genus or
family allows for more rational use of the available gene pool by optimizing
initial breeding forms selection.

Over the past two decades, the molecular basis of floral fragrance as well as
its genetic inheritance have been studied in the rose, providing useful informa-
tion for both researchers and manufacturers (Yan et al., 2014; Shi, Zhang, 2022).
A complex research carried out by French, Chinese and German scientists has led
to the sequencing of the genome of the tea rose (Rosa chinensis), a progenitor
species for many modern cultivars, and the genes presumably responsible for its
remontancy have been discovered. They have also found that the synthesis of the
volatiles giving the flower its fragrance and the pigments responsible for its color
are coordinated by the same tandem of a protein and a non-coding microRNA
(Raymond et al., 2018).

Conclusion

As has been mentioned above, the world’s entire assortment of garden and park
roses exceeds 40,000 cultivars subdivided into 36 garden groups. Many of them
have no clear confirmation of their origin, e. g., the only indication of the Dort-
mund cultivar’s origin in the catalogs is Seedling x R. kordesii. In this situation,
creating scientific collections of roses, their gene pools, and passportization of
their cultivars becomes of great importance, because intervarietal rose hybridiza-
tion within the same garden group has largely exhausted itself. It is necessary
to search for new cultivars, primarily among the Tea-Hybrid, Floribunda and
Grandiflora groups. Apart from high ornamentality, these cultivars are to have
distinguishing morphological, rhythmological and resistance characters for use
in breeding as paternal and maternal forms.
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In the present study, rose cultivars from the bioresource
scientific collection of CSBG SB RAS (USU 440534) belong-
ing to the Grandiflora and Kordesii garden groups were inves-
tigated. The study has demonstrated that the Komsomolsky
Ogonyok cultivar has different molecular genetic, pheno- and
morphological characters than those of the Grandiflora group
it belongs to. At the same time, it is not closely related to the
investigated Kordesii cultivars, despite being close to them
in flower size and phenorhythmics.

Such cultivars that are phenotypically different from others
and possess a number of valuable characters — primarily win-
ter hardiness, resistance to fungal diseases, and decorative,
remontant and prolonged flowering — are valuable breeding
material. Our research has shown it is Komsomolsky Ogo-
nyok that can be recommended for breeding rose cultivars for
regions with harsh climatic conditions. The polymorphism
revealed from ISSR marking data can be used for molecular
genetic passportization, which is a necessary step for account-
ing and conservation of the gene pool of valuable cultivars.
The advantage of this approach is that the ISSR technique is
polylocus, has a large number of PCR amplification products
and does not require sequencing in polyacrylamide gels.
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