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Molecular phylogenetic analysis of six Ribes L. species from Kazakhstan
based on DNA barcodes of nuclear and chloroplast genomes

Ribes L. species are of significant ecological and economic importance. Their berries are rich in functional
metabolites, which contribute to both their nutritional value and potential health benefits. However, the genus
is taxonomically complex and requires comprehensive studies to resolve its phylogenetic relationships. In this
study, we sequenced three genetic regions—the internal transcribed spacer (ITS) and the chloroplast genes
matK and rbcL to investigate the phylogeny of Ribes species collected in Kazakhstan. There were six species
analyzed Ribes janczewskii Pojark., Ribes aureum Pursh, Ribes graveolens Bunge, Ribes nigrum L., Ribes
rubrum L., and Ribes saxatile Pall., collected from various regions of Kazakhstan. Phylogenetic trees were
constructed using the Maximum Likelihood method implemented in IQ-TREE. The aligned sequence lengths
were 686 base pairs (bp) for ITS, 750 bp for matK, and 498 bp for rbcL. Among these, the ITS region showed
the highest number of polymorphic sites (219), followed by matK (195) and rbcL (50). Nucleotide diversi-
ty (Pi) was also the highest in the ITS region (0.0735), nearly double that of matK (0.03703), and substantially
greater than rbcL (0.01378). The nucleotide sequences of ITS, matK, and rbcL obtained from this study have
been deposited in the GenBank database of the National Center for Biotechnology Information (NCBI) under
accession numbers PV702933-PV702944, PV730383-PV730394, and PV730395-PV730406, respectively.
The newly generated sequence data provide a valuable foundation for future phylogenetic and evolutionary
research in Ribes.
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Introduction

Ribes L., a genus in the family Grossulariaceae DC., which is primarily distributed across Eurasia,
North America, and parts of South America [1]. The genus comprises approximately 200 species of decidu-
ous, perennial shrubs [2]. Commonly referred to as currants and gooseberries, members of Ribes are of sub-
stantial ecological, economic, and horticultural significance [3]. Ribes species are particularly valued for
their fruits, which are consumed both fresh and in a variety of processed forms, including jams, wines, juic-
es, and candies. This wide range of uses is attributed to the fruits’ high content of functional metabolites,
which contribute to their nutritional and commercial appeal [4]. Among the species, Ribes nigrum L. (black
currant) has been extensively studied for its phytochemical composition [5-7]. These studies have demon-
strated that R. nigrum berries are particularly rich in phenolic compounds and exhibit significant antioxidant
and antimicrobial activities.

In Kazakhstan, the genus Ribes is represented by 11 wild species [8], including Ribes janczewskii
Pojark., which is listed in the Red Book of Kazakhstan [9]. Among these, Ribes aureum Pursh, Ribes
graveolens Bunge, Ribes nigrum L., Ribes rubrum L., and Ribes saxatile Pall. are the most widely distribut-
ed. Most of these species are of particular importance due to their high vitamin content and potential use in
nutritional and pharmaceutical applications. Several species of Ribes in Kazakhstan have been the subject of
research involving cryopreservation techniques [10] and molecular genetic studies [11]. In addition, numer-
ous investigations have focused on the biochemical composition and breeding potential of various cultivated
Ribes varieties, underscoring their value for both conservation and agricultural development [12—-14].

Molecular phylogenetic analysis plays a crucial role in resolving complex evolutionary relationships,
particularly in plant genera characterized by high levels of morphological convergence. Ribes is one such
genus with a long history of taxonomic ambiguity and ongoing debate regarding its classification [2]. De-
spite numerous morphological and molecular studies, the taxonomy of Ribes remains controversial. To ad-
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dress these challenges, molecular markers from both nuclear and chloroplast genomes have been widely em-
ployed in phylogenetic investigations of Ribes [15-17]. However, despite these efforts, the molecular taxon-
omy of the genus is still incomplete and requires further comprehensive studies involving broader sampling.

In this study, we sequenced the internal transcribed spacer (ITS) region along with the chloroplast genes
matK and rbcL to evaluate the phylogenetic positions of six Ribes species—Ribes janczewskiiPojark., Ribes
aureum Pursh, Ribes graveolens Bunge, Ribes nigrum L., Ribes rubrum L., and Ribes saxatile Pall., collected
from various regions of Kazakhstan.

Experimental

Collection of the plant leaves and DNA isolation

Plant samples were collected from the southeastern, western, and eastern regions of Kazakhstan by
Ivaschenko A., Imanbayeva A., and Sumbembayev A., respectively. Detailed information on the collection
sites is provided in Table 1. The collected plant materials were dried using silica gel and subsequently used
for DNA extraction. Genomic DNA was isolated following the cetyltrimethylammonium bromide (CTAB)
protocol [18]. DNA concentration was determined using a NanoDrop 2000 spectrophotometer (Thermo
Fisher Scientific, USA), and DNA quality was assessed by electrophoresis on a 1.0 % agarose gel.

Table 1
Collected sites of the studied seven Ribes species from Kazakhstan
Species Collected site Collected by
Ribes nigrum L. Western Altai, Lineisky ridge Sumbembayev A.
Ribes rubrum L. Western Altai, Kholzun ridge Sumbembayev A.
Ribes saxatile Pall. East Kazakhstan region, Kokpekty district, Eastern Kalba ridge Sumbembayev A.
Ribes graveolens Bunge  |East Kazakhstan region, Ridder district, Koksu ridge Sumbembayev A.
Ribes janczewskii Pojark. [Almaty region, upper reaches of Turgen Ivaschenko A.
Ribes aureum Pursh Mangistau region, Mangyshlak, Western Karatau, Kogez gorge Imanbayeva A.

PCR amplification and sequencing

DNA barcoding markers, including ITS, matK, and rbcL, were employed for phylogenetic analysis.
PCR amplification was carried out in a 20 pL reaction mixture comprising genomic DNA as the template,
buffer solution, MgCl,, dNTPs, forward and reverse primers, and Tag DNA polymerase. The amplifications
were performed using a SimpliAmp Thermal Cycler (Thermo Fisher Scientific, USA). PCR conditions and
the nucleotide sequences of the primers used were applied as described in White et al. (1990) [19] for ITS,
Kress & Erickson (2007) [20] for matK and rbcL. Following amplification, PCR products were separated by
electrophoresis on a 1.5 % agarose gel. Target bands were excised from the gel and purified using the
ULTRAPrep® Agarose Gel Extraction Mini-Prep Kit (AHN Biotechnologie GmbH, Nordhausen, Germany),
following the manufacturer’s protocol. The purified PCR products were then sequenced in forward and re-
verse directions using BigDye™ Terminator Cycle Sequencing chemistry (Applied Biosystems, USA). Se-
guencing was carried out on an ABI 3130 Genetic Analyzer (Applied Biosystems, Thermo Fisher Scientific,
USA). Two samples from each species were sequenced and included in the analysis.

Phylogenetic analysis

For the phylogenetic analysis, nucleotide sequences of ITS, matK, and rbcL markers were utilized.
Analyses were conducted using both individual and concatenated sequence datasets. A total of 25 samples
were included, comprising 12Ribes samples (representing six species) collected from Kazakhstan, 11Ribes
sequences retrieved from NCBI GenBank, and two additional outgroup sequences (Rosa laevigata and
Rhamnus grubovii). Sequence alignment was performed using MEGA X [21]. Phylogenetic trees were re-
constructed using the Maximum Likelihood (ML) approach. The optimal nucleotide substitution models
were selected based on the Bayesian Information Criterion (BIC), with the following models:
TIM+F+I+R2for ITS, TPM3u+F for matK, and TPM2 for rbcL nucleotide sequences. ML analysis was con-
ducted using 1Q-TREE v2.2.2.6 [22]. The subgenus and section names were given according to Schultheis &
Donoghue (2004) [16]. Schultheis & Donoghue (2004) proposed a molecular phylogenetic classification
system for the genus Ribes, based on data from nuclear and chloroplast DNA markers [16].
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Results and Discussion

In the present study, three datasets were employed for phylogenetic analysis: (1) nucleotide sequences
of the internal transcribed spacer (ITS) region, (2) nucleotide sequences of the matKgene, and (3) nucleotide
sequences of the rbcL gene. The nucleotide sequences of ITS, matK, and rbcL obtained in this study have
been deposited in the GenBank database of the National Center for Biotechnology Information (NCBI) under
accession numbers PV702933-PV702944, PV730383-PVV730394, and PV730395-PV730406, respectively.
Phylogenetic trees for each dataset were constructed using the Maximum Likelihood (ML) method. A total
of 23 Ribes samples were included in the analysis, comprising 12 samples representing 6 species collected in
this study, along with sequences obtained from the NCBI GenBank. Additionally, two species—Rosa
laevigata and Rhamnus grubovii were used as outgroups to root the phylogenetic trees. Detailed information
on all samples is provided in Table 2.

Table 2
The list of samples used in the study
. NCBI accession numbers
Species
ITS matK rbcL
Ribes aciculare AY138050.1 PQ348655.1 PQ337383.1
Ribes americanum AF426375.1 MK520528.1 HQ590238.1
Ribes aureum PQ443797.1 0Q847549.1 PQ337465.1
Ribes cynosbati AY138051.1 MK520529.1 HQ590239.1
Ribes glaciale MH710923.1 MW382543.1 MW382720.1
Ribes graveolens MZ366410.1 MZ361533.1 MZ361434.1
Ribes himalense MH711381.1 MH659873.1 JF944130.1
Ribes lacustre AF426366.1 KX677769.1 HQ590240.1
Ribes nigrum AF426374.1 HE967476.1 PQ337447.1
Ribes stenocarpum AY138056.1 MW382557.1 MW382733.1
Ribes janczewskii PP464115.1 PP708896.1 PP493207.1
Ribes nigrum KZ 1 PV702933.1 PV730383.1 PV730395.1
Ribes nigrum KZ 2 PV702934.1 PV730384.1 PV730396.1
Ribes rubrum KZ 1 PV702935.1 PV730385.1 PV730397.1
Ribes rubrum KZ 2 PV702936.1 PV730386.1 PV730398.1
Ribes saxatile KZ 1 PV702937.1 PV730387.1 PV730399.1
Ribes saxatile KZ 2 PV702938.1 PV730388.1 PV730400.1
Ribes graveolens KZ 1 PV702939.1 PV730389.1 PV730401.1
Ribes graveolens KZ 2 PV702940.1 PV730390.1 PV730402.1
Ribes janczewskii KZ 1 PV702941.1 PV730391.1 PV730403.1
Ribes janczewskii KZ 2 PV702942.1 PV730392.1 PV730404.1
Ribes aureum KZ 1 PV702943.1 PV730393.1 PV730405.1
Ribes aureum KZ 2 PV702944.1 PV730394.1 PV730406.1
Rosa laevigata FJ416663.2 MH552372.1 GU363797.1
Rhamnus grubovii KR083248.1 MZ361530.1 MZ361431.1

The Maximum Likelihood (ML) phylogenetic tree constructed from ITS nucleotide sequences divided
the Ribes species into three primary clades, corresponding to the two major subgenera: Ribes and
Grossularia. The samples of Ribes aureum analyzed in this study clustered together with R. aureum refer-
ence sequences from the NCBI GenBank, confirming their species identity. Similarly, the samples of Ribes
graveolens, Ribes nigrum, and Ribes janczewskii formed a distinct subclade along with corresponding se-
guences of these species from GenBank, indicating strong phylogenetic coherence. Ribes saxatile samples
grouped with Ribes glaciale from GenBank, suggesting a close genetic relationship between these taxa, indi-
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cating that the Ribes saxatile might belong to the section Berisia. Additionally, Ribes rubrum samples from
this study clustered with Ribes himalense sequences, indicating shared ancestry, which is consistent with
their placement in the same subgenus (subg. Ribes) and section (sect. Ribes) according to the sectional classi-
fication proposed by Schultheis & Donoghue (2004). Species from the subgenus Grossularia—namely Ribes
aciculare, Ribes cynosbati, and Ribes stenocarpumformed a well-supported clade together with Ribes
lacustre (classified under the subgenus Ribes) from GenBank. This grouping suggests a complex evolution-
ary relationship between members of the two subgenera (Fig. 1). The section and subgenus names of the ana-
lyzed species were assigned according to Schultheis and Donoghue (2004) [16].
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Figure 1. Maximum Likelihood phylogenetic tree based on ITS sequences reconstructed using 23 ingroup
and 2 outgroup samples. The numbers at the branch nodes represent ML bootstrap value.
The species analyzed in this study are highlighted in blue.

The ML phylogenetic trees reconstructed from the nucleotide sequences of the matK (Fig. 2) and rbcL
(Fig. 3) genes exhibited similar topologies, supporting congruent evolutionary relationships among the Ribes
species. Samples of Ribes aureum and Ribes rubrum obtained in this study clustered together with Ribes
americanum, Ribes himalense, and Ribes aureum reference sequences from GenBank, indicating close genet-
ic relationships among these taxa. Likewise, samples of Ribes graveolens, Ribes nigrum, and Ribes
janczewskii from this study formed a clade with corresponding GenBank sequences of the same species. Ad-
ditionally, the samples of Ribes saxatile from this study grouped with Ribes glaciale and Ribes aciculare
from GenBank, suggesting a potential phylogenetic affinity among these species.
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Figure 2. Maximum Likelihood phylogenetic tree based on matK sequences reconstructed using 23 ingroup
and 2 outgroup samples. The numbers at the branch nodes represent ML bootstrap value.
The species analyzed in this study are highlighted in blue.
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Figure 3. Maximum Likelihood phylogenetic tree based on rbcL sequences reconstructed using 23 ingroup
and 2 outgroup samples. The numbers at the branch nodes represent ML bootstrap value.
The species analyzed in this study are highlighted in blue.

Summary statistics for the aligned sequences of the ITS, matK, and rbcL are presented in Table 3. The
aligned sequence lengths were 686 base pairs (bp) for ITS, 750 bp for matK, and 498 bp for rbcL. Among
these, the ITS region exhibited the highest number of variable (polymorphic) sites (219), followed by matK
(195) and rbcL (50), indicating that ITS was the most informative marker for detecting sequence variation in
the studied Ribes species. A comparable number of polymorphic sites in the ITS region has also been report-
ed in Asclepias species [23]. The number of observed haplotypes was highest for matK (17), slightly exceed-
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ing ITS (16), while rbcL displayed a lower haplotype count (10). Haplotype (gene) diversity (Hd) was high
across all markers, with matK showing the greatest diversity (0.953), followed by ITS (0.917) and
rbcL (0.833).

Nucleotide diversity (Pi), a measure of average pairwise sequence divergence, was highest in the ITS
region (0.0735), nearly double that of matK (0.03703), and significantly higher than rbcL (0.01378). Similar-
ly high Pi values exceeding 0.07 have been reported for chloroplast DNA markers in certain orchid species,
such as Caularthronbicornutum and Myrmecophilathomsoniana [24], suggesting that elevated nucleotide
diversity is not restricted to nuclear regions in all taxa. These results confirm that the ITS region provided the
relatively greatest resolution for assessing variability within Ribes, whereas rbcL was the most conserved
marker among the three.

Table 3

Summary of sequence characteristics and genetic diversity parameters for ITS, matK, and rbcL
in analyzed Ribes species

ITS matK rbcL
Aligned length 686 750 498
Variable (polymorphic) sites 219 195 50
Number of Haplotypes, h 16 17 10
Haplotype (gene) diversity, Hd 0,917 0,953 0,833
Nucleotide diversity, Pi 0,0735 | 0,03703 | 0,01378

The nucleotide sequences of the ITS are widely utilized in resolving phylogenetic relationships across
diverse plant taxa [25-27]. The high informativeness of ITS has also been demonstrated in several previous
studies. For example, its effectiveness in species-level discrimination has been reported in families such as
Cactaceae [28], Orchidaceae [29], as well as Fabaceae and Poaceae [30]. The phylogenetic analyses con-
ducted in this study demonstrated that the ITS nucleotide sequences exhibited the highest level of polymor-
phism among the markers tested, indicating that ITS is potentially more informative for resolving phyloge-
netic relationships among Ribes species than the chloroplast markers matK and rbcL. The newly generated
nucleotide sequence data represent a valuable resource for future phylogenetic and evolutionary studies in
Ribes. These findings might contribute to a better understanding of species relationships within the genus
and provide a foundation for future taxonomic revisions.

Conclusions

In this study, nucleotide sequences of the nuclear internal transcribed spacer (I1TS) and the chloroplast
genes matK and rbcL were generated and utilized for phylogenetic analysis of Ribes species. The results in-
dicate that the ITS region is the most informative among the three markers, offering the highest resolution for
detecting genetic variability within the genus. In contrast, rbcL was found to be the most conserved marker,
providing limited phylogenetic differentiation. These results underscore the effectiveness of the ITS region in
resolving intrageneric relationships in Ribes. The newly obtained sequences enrich the molecular dataset for
the genus and provide a foundation for future phylogenetic and evolutionary studies. However, further stud-
ies, including a broader sampling of Ribes species, are necessary to achieve a more comprehensive and ro-
bust understanding of the genus taxonomy.
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HI.C. AnbmepekoBa, M.M. EpmaramberoBa, A.A. CymbemOaces,
A.A. UBamenko, A.A. Umanbaesa, E.K. TypycnekoB

Ka3zakcranabik aarel Ribes L. TypaepiHin sapoabik
JKoHe xJy1oporuiact renomaapoiabid JIHK-0apkoarapsl Herisinae
MOJIEKYJIAIBIK-(PHUI0TeHeTHKAIBIK TAJAaybl

Ribes L. Tybichl Typiepi aiftapiblKrail SKOJOTHSIIBIK JKOHE SKOHOMHKAIBIK MaHBI3IBUIBIKKA He. OnmapbiH
KuAeKTepi GyHKIHOHAIIBI MeTabosuTTepre 0aif, Oyl oapblH TaFraMAbIK KYHIBUIBIFBIHA /12, AEHCAYJIbIKKa
nmaiganel KacHeTTepiHe e bIKman ereidi. Aunaiima, OV TybIC OHBIH (HUIOTCHETHKANBIK OaillaHBICTAPhIH
HaKTBUIAY YIOiH KEIICHIi 3epTTeyiepli KaKeT eTeTiH TaKCOHOMILUIBIK Kypaeni Tom. 3eprreyne Kasakcran
ayMmarbIHa )xuHanFaH Ribes Typrepiuin GpuioreHeTHKachiH 3epTTey MAKCATHIH/A YIII TeHETHKAJIBIK alMaK —
imki Tpanckpunimsutanatein creiicep (ITS) sxome matKmenrbcL xmopormact reHmepi CEKBEHHPICHII.
KazakcranublH op aiiMakTapblHIa XHUHAJIFAH aaTel TYp TangaHasi: Ribes janczewskii Pojark., Ribes aureum
Pursh, Ribes graveolens Bunge, Ribes nigrum L., Ribes rubrum L. sxouneRibes saxatile Pall.
Ounorenerukansik neaaporpammanap 1Q-TREE 6armapnamaceinga Maximum Likelihood spicimen xy3ere
aceIpbuIIBL. Ty3erinreH Ti30exTepaiH y3bHABFEI I TS yiin 686 HykimeoTHATIK xyOb! (H.k.), MatK ymin 750
H.OK. koHe rbcl yurin 498 H.ok. Gonmel. OnapipiH imiHge noauMopdThl aiiMakTapabiH eH kon caHbl ITS
alimarpiama (219), oman keitin matK (195) sxone rbcL (50) HykmeoTHaTik Ti30eKTepiHIe aHBIKTAJIbL.
Hyxneorunrik amyanryprimik (Pi) telTS nHykmeotmarik Tizoeringe eH sxorapel (0,0735) Oommer, matkK
(0,03703) men rbcl (0,01378) HykineoTHATIK Ti30eKTepiHEH ailTapibIKTai >KOFapbl €KeHMIri alKbIHIaIbI.
Aunpmaran TS, matK, xonerbcL myxneorunrik Tizoekrepi coiikecinme PV702933-PV702944, PV730383-
PV730394 xome PV730395-PV730406 Tipkey HeMipiepiMeH ¥ITTBHIK OWOTEXHOJOTHSUIBIK aKapaT
opranbirbiHbiH (NCBI) GenBank pepexrep 6GasackiHa »kykrenai. JKana Hykieotuarik Ttizoekrep Ribes
TYBICBIHBIH OoJamiak (UIOreHETHKAIBIK JKOHE SBONIOLMSIBIK 3epTTeydepi YIIH KyHIbl Heri3 OoJblm
TaOBILIAIbI.

Kinm cesoep: Ribes, Kazakcran, gunorenus, ITS, rbcl, matK, THK-6apkoaray.

[I.C. AnemepekoBa, M.M. EpmaramberoBa, A.A. CymGem0OaeB,
A.A. UBamenko, A.A. Uman6aesa, E.K. Typycnekos

MoaekyasipHo-(puIoreHeTHYECKHI aHAJIN3 mecTH BUIoB Ribes L.
u3 Kasaxcrana Ha ocHoBe /IHK-0apkoa0B s11epHOI0 U XJIOPOIJIACTHOIO T€HOMOB

Buast posna Ribes L. 061a1ai0T 3HaYUTENBHOM SKOIOTHIECKON M 9KOHOMHUYECKO# BaKHOCTHIO. VX siro sl 60-
ratbl QyHKIHOHATEHBIMH METa0OIUTaMH, KOTOPbIE CIIOCOOCTBYIOT KaK WX MUIIEBOU [IEHHOCTH, TaK U MOTCH-
[UaJBHBIM MOJIE3HBIM CBOWCTBAM sl 310poBbs. OJTHAKO JaHHBIA PO MPEACTABISIET COO0M TAKCOHOMHYECKH
CJIOKHYIO TPYIITY, TPEOYIOIIYI0 KOMIUICKCHBIX HCCIICOBAHUN Il YTOUHCHUS €ro (QIIOTCHETHICCKUX B3au-
MocBsizell. B HacTosimem Mcciie[oBaHuU ObUTH MPOCEKBEHUPOBAHBI TPU TEHETUYECKUX PETHOHA — BHYTPCH-
Huil TpaHckpubupyembiii crneficep (ITS) u xmoporutactaeie redsl matk u rbcl — ¢ uensio usyuenus
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¢unorenerrky BumoB Ribes, cobpanusix Ha Tepputopnn Kasaxcrana. Bputo mpoaHann3upoBaHO IIECTh BH-
noB: Ribes janczewskii Pojark., Ribes aureum Pursh, Ribes graveolens Bunge, Ribes nigrum L., Ribes rubrum
L. u Ribes saxatile Pall., cobpaHHbIX B pa3inuHbIx perioHax Kazaxcrana. GHUIOreHETHIECKUE AEPEBbs ObLTH
HOCTPOCHBI METOZOM MakcuMaibHOro mpasmonoxodust (Maximum Likelihood) B mporpamme IQ-TREE.
JlnHa BEIPOBHEHHBIX ITOCIIENOBATENBHOCTEH cocTaBmia 686 map Hykieotunos (m.H.) must TS, 750 mH. s
matK u 498 m.H. ms rbel. Cpean HuX HanOoJbIIEe YUCIO HOMMMOP(GHBIX YYaCTKOB OBUIO BBISBICHO B pe-
ruoHe ITS (219), 3a uum cnegosanu matk (195) u rbel (50). Hykneotunsoe pazHoo6pasue (Pi) Takxke oka-
3anock HamBeicmaM B I1TS (0,0735), moutu B qBa pasa mpessimas 3xaucHue s matk (0,03703) u 3Haum-
TenapHO mpeBocxos rbel (0,01378). TMomydeHHsle HykIeoTHIHBIE mochenoBarensrocty ITS, matK, u rbcl
ObuTH IeNOHUPOBaHbI B 0a3y naHHbIX GenBank HarmoHansHOTo neHTpa OMOTEXHOIOTHYECKOH HH(pOpMaLuu
(NCBI) nox peructparuontsiMu HoMepamu PV702933-PV702944, PV730383-PV730394 u PV730395-
PV730406 coorBercTBeHHO. HOBBIC HYKICOTHIHBIC MOCICIOBATEIHLHOCTH MPEACTABISIOT IICHHYIO OCHOBY
Uit OyaymuX GUIOreHeTHYECKHX M 3BOIOIIMOHHBIX HCCienoBanuii posa Ribes.

Knioueswie cnosa: Ribes, Kazaxcran, punorenus, ITS, rbclL, matK, THK-6apkoxupoBanue.
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