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Phylogeny problems of the genus Vaccinium L. 
and ways to solve them
Roman R. Zhidkin, Tatiana V. Matveeva
Saint Petersburg State University, Saint Petersburg, Russia

The genus Vaccinium includes almost 500 species, among which there are economically important species of cranberries 
V. macrocarpon Ait. and V. oxycoccos L., lingonberries V. vitis-idaea L., bilberries V. myrtillus L. and blueberries V. uliginosum L., 
V. angustifolium Ait., V. corymbosum L., V. virgatum Ait. Despite the fact that many of these species were actively used by 
humans in medicine and food, their active selection began in the 20th century, in connection with which a classification of 
the genus according to morphological characters was developed. Many of these data remain relevant to the present day. 
The development of the ideas of molecular phylogeny prompted a revision of the old classification, identifying a number of 
difficulties that do not allow one to unambiguously determine phylogenetic relationships within the genus. Today, the genus 
includes 33 sections, while the species composition of the sections and the evolutionary relationships between them remain 
controversial. This review discusses various approaches to the study of the structure of the genus Vaccinium: from classical to 
phylogenomic, the main results of using these approaches and their prospects.
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Проблемы филогении рода Vaccinium L. 
и пути их решения
Р.Р. Жидкин, Т.В. Матвеева
Санкт-Петербургский государственный университет, Санкт-Петербург, Россия

Род Vaccinium L. включает почти 500 видов, среди которых экономически важные виды клюквы V. macrocarpon Ait. 
и V. oxycoccos L., брусники V. vitis-idaea L., черники V. myrtillus L. и голубики V. uliginosum L., V. angustifolium Ait., 
V. corymbosum L., V. virgatum Ait. Несмотря на то что многие из этих видов человек уже использовал в пищевых 
и медицинских целях, их активная селекция началась только в XX в., соответственно, возникла потребность в фило-
генетических и таксономических исследованиях рода, которые изначально базировались на анализе морфологических 
признаков. Многие из этих данных сохранили актуальность до настоящего времени. Развитие идей молекулярной 
филогении побудило пересмотреть старую классификацию, обозначив ряд сложностей, которые не позволяют одно-
значно определить филогенетические отношения в пределах рода. Сегодня система рода включает в себя 33 секции, 
при этом видовой состав секций и эволюционные отношения между ними остаются спорными. В данном обзоре об-
суждаются различные подходы к изучению структуры рода Vaccinium: от классических до филогеномных, основные 
результаты использования этих подходов и их перспективы.
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BACKGROUND
Vaccinium L. is an economically important genus be-

longing to the family Ericaceae Juss., tribe Vaccinieae 
Rchb. [1]. The tribe Vaccinieae is a taxon including a large 
number (~1000) of woody plant species of the family Eri-
caceae, different in morphological traits, and common 
in temperate and tropical zones of all continents except 
Australia and Antarctica [2]. Most of the species occur in 
the tropics, mainly in the mountain rain forests.

This tribe includes the genera Agapetes G.Don, 
Anthopteropsis A.C. Sm., Anthopterus Hook., Calopter-
yx Ruiz & Pav., Cavendishia Lindl., Ceratostema Juss., 
Costera J.J. Sm., Demosthenesia A.C. Sm., Didonica 
Luteyn & Wilbur, Dimorphanthera (Drude) F. Muell., 
Diogenesia Sleumer, Disterigma (Klotzsch) Nied., 
Gaylussacia Kunth, Gonocalyx Planch. & Linden, Lateros-
pora A.C. Smith, Macleania Hook., Mycerinus A.C. Sm., 
Notopora Hook.f., Oreanthes Benth., Orthaea Klotzsch, 
Paphia Schltr., Pellegrinia Sleumer, Periclesia A.C. Sm., 
Plutarchia A.C. Sm., Polyclita A.C. Sm., Psammisia 
Klotzsch, Rusbya Britton, Satyria Klotzsch, Semiramisia 
Klotzsch, Siphonandra Klotzsch, Sphyrospermum Poepp. 
& Endl., Symphysia (Vahl) Wilbur & Luteyn, Themistocle-
sia Klotzsch, Thibaudia Ruiz & Pav., and Utleya Wilbur & 
Luteyn [3].

The genus Vaccinium includes approximately 
500 species growing on all continents except Australia 
and Antarctica [4]. Most species occur in the tropics on 
open mountain slopes and the rest are distributed in sub-
tropical, temperate, and boreal regions of the northern 
hemisphere [5]. Slightly less than two-thirds of the spe-
cies are occur in south-east Asia, more than 50 species 
in America, and the rest are dispersed throughout the 
world [6].

Many species in the genus Vaccinium have colorful 
leaves, flowers, and fruits, making them valuable or-
namental plants [7]. Some species have edible fruits, 
which are used as medicine in various communities [8]. 
Cranberries, blueberries, and lingonberries are among 
the most studied of these species, having been domes-
ticated in the XIX and XX centuries [9, 10]. Currently, 
42,746 hectares of land are used for growing cranber-
ries, 126,144 hectares for blueberries, and 29 hectares 
for lingonberries [11].

Blueberries and a number of other species in the ge-
nus Vaccinium also have a great potential as new crops. 
The most economically important Vaccinium species 
belong to the sections Cyanococcus A. Gray, Oxycoccus 
(Hill) Koch, Vitis-Idaea (Moench) Koch, Myrtillus Dumor-
tier, and Vaccinium L. [12].

The berries of these crops contain an average con-
tent of vitamin C, fiber and basic microelements, four 
organic acids, namely cinchona, citric, hydroxysuccinic, 
and benzoic acids [7]. A high content of flavonoids, mainly 

anthocyanins, imparts the fruits with a bright color [13]. 
The presence of these compounds accounts for the anti-
oxidant, antimutagenic, and antitumor activity of berries 
in the geneus Vaccinium. As anthocyanins are the main 
consumed antioxidants in the Western diet, their content 
is one of the key indicators of the quality of berries and 
an important selection trait [14, 15].

Currently, there is a growing increase in the demand 
for berries of domesticated Vaccinium species, which ne-
cessitates the breeding of new crops [12]. When breeding 
for new crops, it is important to determine the phyloge-
netic relationships between representatives of the genus 
and their closest relatives; however, such studies on the 
genus Vaccinium are retarded by challenges arising from 
the peculiarities of speciation within this genus.

HISTORY OF THE TAXONOMY 
OF THE GENUS VACCINIUM

The genus Vaccinium was first described by Carl Lin-
naeus in 1753. It included the species V. frondosum L., 
V. album L., V. stamineum L., V. uliginosum L., V. vitisi-
daea L., V. oxycoccos L., V. myrtillus L., V. corymbosum L., 
V. arctostaphylos L., V. hispidulum L., V. ligustrinum L., 
and V. mucronatum L. [16]. No major systematic analy-
sis of the described new species was performed until 
the beginning of the XX century when active breed-
ing work for cranberries and blueberries began in the 
USA [10, 17]. Therefore, the first work in their taxon-
omy was of an applied nature and mainly concerned 
species distributed in North America. The main dif-
ficulties in such studies became apparent, namely the 
absence of fertility barriers in morphologically differ-
ent organisms, which leads to the formation of sev-
eral hybrids, and the occurrence of both autopoly-
ploidy and allopolyploidy throughout the genus [17]. 
For example, V. myrsinites Lam. is an allopolyploid spe-
cies resulting from the hybridization of V. tenellum Ait. 
and V. darrow Camp species [18].

Camp was among the first to present work on the 
genus Vaccinium in 1945 [18]. He classified the genus 
according to morphological features. However, this work 
was confined to species growing in the northern hemi-
sphere, with special attention to North American blue-
berries. Therefore, the genus was divided into several 
sections, with 9 diploid, 12 tetraploid, and 3 hexaploid 
species included in the North American blueberry sec-
tion Cyanococcus [9]. During World War II, field work was 
limited. The incompleteness of field data, resulted in er-
rors in classification, leading to some organisms being 
designated as separate species, which later turned out 
to be hybrids or polyploids [19]. To resolve this prob-
lem, several species were combined into one with dif-
ferent levels of ploidy, and in the new classification, 
Kloet retained the previous division into sections [6], 
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and the Cyanococcus section included 6 diploid, 5 tetra-
ploid, and 1 hexaploid blueberry species [9]. This reduc-
tion in the number of species was due to the inclusion of 
all crown-forming species of North American blueberries 
into one species, V. corymbosum, with three levels of 
ploidy.

Thus, the differentiation of Vaccinium species is 
complicated by polyploidy, similar morphology, and in-
trogression during hybridization [9]. Therefore, the use 
of morphological characteristics in phylogenetic studies 
of this genus does not always enable us to assess un-
ambiguously the evolutionary relationships between the 
studied species, which necessitates use of modern meth-
ods of phylogeny.

MODERN PHYLOGENETIC METHODS
The development of molecular genetics and biochemi-

cal studies has brought new approaches to phylogenetic 
studies. In the mid-to-late XX century, molecular la-
beling began to develop rapidly, and at the turn of the 
century, the Barcode of Life project was launched [20]. 
The main thrust of the Barcode of Life was to combine the 
efforts of classical and molecular biologists to improve 
taxonomy and phylogeny. It involves selecting taxonomi-
cally significant DNA sequences and entering them into 
databases together with taxonomic information, which 
enables creation of a system of molecular identification 
of organisms, including plants.

Despite progress in the approach, markers for DNA 
barcoding have certain disadvantages. Based on Matve-
eva et al. [20], we compiled the characteristics of the 
main markers used in DNA barcoding of plants (Table 1).

Table 1 shows that traditional markers used for DNA 
barcoding in plants can be conventionally divided into 
nuclear and cytoplasmic ones. Cytoplasmic markers are 
usually maternally inherited. Nuclear markers, such as 
ITS, are multicopy, but in species of hybrid origin, the 
proportion of sequences of the ribosomal gene cluster 
inherited from one of the parents can be reduced to such 
an extent that ITSs of this parent are not detected using 
traditional DNA barcoding protocols [21]. The features of 
these markers can lead to ambiguities in the reconstruc-
tion of phylogenetic relationships, which results in trees 
of the same species with slightly different topologies. 
To solve this problem, multilocus analysis methods are 
used, which use information on several marker sequen-
ces.

Since the development of these algorithms, sequenc-
ing methods have developed significantly. Thus, the 
Next-Generation Sequencing algorithms developed in the 
2000s enabled simplification and reduction of the cost of 
whole-genome projects, resulting in the generation of 
unprecedented amounts of data on the sequences of both 
model and non-model organisms. Open access to these 

data gave rise to a new approach, phylogenomics, which 
determines the phylogenetic relationships of species 
based on the analysis of their genomes [22]. Phyloge-
nomic methods are based on whole-genome sequences 
or on the traits of the entire genome [23].

Methods based on nucleotide sequence information 
from genomes require alignment of orthologous genes 
from which a phylogenetic tree is derived using two al-
ternative approaches, namely the supermatrix approach, 
which is based on combining all genomic regions into a 
single matrix that includes all taxa, then such a combined 
dataset is subjected to phylogenetic inference using the 
desired phylogenetic method (distance, maximum like-
lihood, maximum parsimony, Bayesian approach) [24], 
and the supertrees approach (or a tree of trees), which 
involves combining trees obtained based on the analysis 
of individual genes [23].

Methods based on whole-genome traits involve the 
reconstruction of phylogenetic relationships not by nu-
cleotide sequences, but by the presence of genes (gene 
repertoire) or by the order of genes [23]. In the first case, 
the presence, absence, or duplication of genes consti-
tutes the phylogenomic data, whereas in the second case, 
large-scale karyotypic changes in the genome constitute 
the phylogenomic data [24]. These methods are associ-
ated with rare genomic changes that are less prone to 
homoplasia and therefore more informative than methods 
based on the analysis of nucleotide sequences.

These methods include the obligatory stage of as-
sembly and annotation of the genome, as well as the 
search for orthologous sequences, which is complicated 
when dealing with non-model organisms. To simplify this 
analysis, the assembly and alignment-free (AAF) method 
was developed [25]. This method allows phylogeny to be 
determined directly from unassembled genome sequence 
reads, making phylogenomic analysis available when 
dealing with species without an appropriate reference 
genome or large sequence coverage.

Apart from DNA marking, chemosystematics, an 
interdisciplinary field that uses information about the 
chemical composition of plants to determine interspecific 
and intraspecific phylogenetic relationships, has begun to 
develop in recent years [26]. The occurrence of chemical 
compounds and their structures are often taxonomically 
specific, so they can be used as markers for distinguish-
ing between taxa [27]. As such, both primary and second-
ary metabolites can be used in plants. However, the same 
compounds are often formed during completely differ-
ent biosynthetic pathways in unrelated plants; therefore, 
such methods can be useful in determining the boundar-
ies of lower taxonomic ranks [28].

To date, various methods have been developed that 
allow reconstructing phylogenetic relationships without 
using morphological traits. Phylogenetic markers have 
advantages such as presence in a wide range of plant 
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Table 1. Characterization of the main markers for DNA barcoding of plants
Таблица 1. Характеристика основных маркеров для ДНК-штрихкодирования растений

Marker General 
characteristics Advantages Disadvantages

matK Plastid gene encoding 
maturase K

Rapidly evolving genes pre-served in 
non-chlorophyllic plants

Primers are not universal enough

rbcL Plastid gene encoding the 
large rubisco subunit

Described well in various plant groups, 
which increases its versatility

Insufficient resolution, therefore it 
cannot be used independently

rpoB 
and 
rpoC1

Plastid genes coding for RNA 
polymerase subunits

Highly conserved sequences providing 
primer versatility

Low resolution

psbK-psbI Intergenic spacer between 
plastid genes, encoding poly-
peptides K and I, which are 

part of photosystem II

Slightly inferior to matK in resolution, 
versatility, and sequence quality

Insufficient versatility of primers 
in relation to gymnosperms

trnH-psbA Intergenic spacer between 
plastid genes, encoding his-
tidine tRNA and D1 protein of 

photosystem II

Highly variable, while selected prim-
ers provide universality for many plant 

species

Lack of sequence in non-chlorophyllic 
plants, poor reading quality, and vari-

ability in length in different species

atpF-atpH Spacer between plastid 
genes, encoding ATP synthase 

subunits

Highly variable, universal 
in angiosperms

Lack of consistency in non-chlorophyllic 
plants, lack of universality, and variable 

in length

ITS (Internal 
Transcribed 
Spacer)

A nuclear sequence was 
represented by an internal 

transcribed spacer in a cluster 
of ribosomal genes

Present in all living organisms, 
conservatism of rRNA genes provides 

universality of primers, high copy num-
ber, relative conservatism in length, and 

biparental inheritance

Present in the genome in the form of 
many copies, which makes intraspecific 
or intraorganismal polymorphism pos-
sible, has a high level of homoplasia

Fingerprinting 
(RFLP, AFLP, 
RAPD, SSR, 
ISSR etc.)

Markers based on the use of 
polymerase chain reaction, 
restriction, or both methods 
together to obtain a specific 

pattern of DNA fragments that 
characterize genetic differ-
ences between samples. 

The resulting patterns can be 
converted into a binary matrix 
for the reconstruction of phy-

logenetic relationships.

They can be used as markers auxiliary to DNA barcodes for a more detailed 
description of phylogeny, more often for intraspecific polymorphism

species, low search, and sequencing costs, and disad-
vantages such as different rates of divergence and am-
biguity of interpretation in taxa of hybrid origin. Despite 
their disadvantages, phylogenetic markers enable deter-
mination of phylogenetic relationships between different 
taxa when used together.

APPLICATION OF MODERN METHODS IN 
PHYLOGENETIC STUDIES OF THE GENUS 
VACCINIUM

The methods described above, such as DNA barcod-
ing, fingerprinting, phylogenomics, and chemosystemat-
ics, began to be used in the study of the genus Vaccinium, 
allowing revision of its taxonomy proposed by Kloet. 
In the first such work, the matK and ITS markers were 

used to determine the phylogenetic relationships of vari-
ous representatives of the entire tribe Vaccinieae [2]. 
Based on the data of K. Kron et al. [2] supplemented 
with new sequences from NCBI (www.ncbi.nlm.nih.gov), 
we reconstructed the phylogeny of the genus (Fig. 1). 
The resulting dendrograms and those of Kron et al. [2] did 
not confirm the traditional genus boundaries, but several 
well-supported clades were found on the tree, namely 
Andean; Mesoamerican/Caribbea, East Malaysian; Aga-
petes, consisting of some Asiatic Vaccinium and Agapetes; 
Bracteata-Oarianthe, including representatives of the re-
spective sections; Orthaea/Notopora, which includes the 
genera Orthaea and Notopora; Myrtillus and Vaccinium, 
including some Vaccinium. Moreover, most of the recov-
ered clades in their composition-united representatives 
of various genera, whereas the clades Vaccinium and 
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Agapetes clade Myrtillus clade Vaccinium clade

Cyanococcus section
Oxycoccus section
Vitis-Idaea section
Batodendron section

Mesoamerican/Caribbean clade
Bracteata Oarianthe clade Orthaea/Notopora clade East Malaysian clade Andean clade

Fig. 1. The phylogenetic tree obtained from the analysis of the matK and ITS sequences of various species of the Ericaceae family 
based on the data of K. Kron et al. [2], supplemented by us
Рис. 1. Филогенетическое дерево, полученное при анализе последовательностей matK и ITS различных видов семейства Ericaceae 
на основе данных K. Kron и соавт. [2], дополненных нами. Эволюционная история была выведена с использованием метода 
максимального правдоподобия и модели General Time Reversible [33]. Эволюционные анализы проводили в MEGA X [34]

Myrtillus included species of the genus Vaccinium, which 
had been assigned to different sections in the previous 
classifications. Based on these results, Kron et al. con-
cluded that it is necessary to reassess the taxonomy of 
the genus Vaccinium as the genus is not monophyletic. 
Although the work on this reassessment started in 
2003 [29], many researchers have reported radical differ-
ences from the theoretical genus structure, which could 
be due to the difficult interpretation of the results of phy-
logenetic analysis obtained based on the classical mark-
ers, such as ITS and matK, in species in which evolution, 

the processes of hybridization and polyploidization played 
a significant role [30].

To date, due to the lack of a well-resolved molecular 
phylogeny of the entire genus, the well-founded pheno-
typic classification of the genus proposed by Kloet [31] is 
a priori accepted in the studies. Thus, the modern clas-
sification assumes the division of the genus Vaccinium 
into two subgenera and includes 33 sections. Using GRIN 
data, we described the species mentioned in this review, 
taking into account their taxonomic position and geo-
graphical distribution [3] (Table 2).
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Subgenera Section Representative Habitat

Oxycoccus (Hill) A. Gray Oxycoccoides (Hooker f.) 
Sleumer

V. japonicum Miq. East Asia

Oxycoccus (Hill) Koch V. macrocarpon Ait. North America

V. microcarpum Schmalh.,
V. oxycoccos L.

Circumboreal zone

Vaccinium L. Aethopus Airy Shaw V. paucicrenatum Sleumer Southeast Asia

Baccula-Nigra Kloet. V. fragile Franch. East Asia

Barandanum Kloet. V. barandanum S. Vidal Southeast Asia

Batodendron (Nuttall) A. Gray V. arboreum Marshall North America

Brachyceratium Kloet. V. dependens (G. Don) Sleumer South America

Bracteata J.J. Smith V. alvarezii Merr.,
V. cercidifolium J.J. Smith,

V. horizontale Sleumer,
V. summifaucis Sleumer

Southeast Asia

Cinctosandra (Klotzsch) Hook.f. V. africanum Britton Africa

Conchophyllum Sleumer V. conchophyllum Rehder,
V. emarginatum Hayata,

V. nummularia Hook. f. et Thoms

East Asia

Cyanococcus A. Gray V. angustifolium Ait.,
V. constablaei A. Gray,

V. corymbosum L.,
V. darrowii Camp,
V. elliottii Chapm.,
V. fuscatum Ait,

V. meridionale Sw.,
V. myrsinites Lam.,

V. myrtilloides Michx.,
V. pallidum Ait.,
V. tenellum Ait.,
V. virgatum Ait.

North America

Eococcus Sleumer V. meridionale Sw. North of South America

Epigynium (Klotzsch) Hooker f. V. vacciniaceum (Roxb.) Sleumer Southeast Asia

Euepigynium Kloet. V. carneolum Sleumer New Guinea

Galeopetalum J.J. Smith V. caudatifolium Hayata,
V. gaultheriifolium (Griff.) Hook. f.

East Asia

Table 2. Brief description of some Vaccinium species
Таблица 2. Краткое описание некоторых видов Vaccinium

As the use of DNA barcoding does not allow unam-
biguous reconstruction of the phylogeny of the genus 
Vaccinium, more time-consuming and expensive meth-
ods of molecular phylogenetics are used in genetic stud-
ies of economically significant species. In particular, the 
genomic and transcriptome resources of the American 
cranberry (V. macrocarpon) were used in the develop-
ment of nuclear [31], chloroplast, and mitochondrial 
SSR markers [32] for the analysis of genetic diversity 
and genetic mapping within a species. The dendrogram 
plotted on their basis distributed species into genera and 
sections within Vaccinium in a manner similar to the 

morphological classification. Figure 2 presents the phylo-
genetic relationships determined by Schlautman et al. [32] 
based on cytoplasmic SSR markers between species, 
which were previously investigated using ITS and matK 
markers. In fact, the analysis performed became a kind 
of approximation to multilocus analysis since the mark-
ers used were relatively evenly distributed throughout 
the genome and plasmon.

Phylogenetic analysis using SSR markers identi-
fied the genus Vaccinium as monophyletic [32], and 
also showed the monophyly of the sections Cyanococ-
cus, Oxycoccus, Vitis-idaea, whereas data based on DNA 
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Subgenera Section Representative Habitat

Vaccinium L. Hemimyrtillus Sleumer V. hirtum Thunb., V. smallii A. Gray East Asia

V. arctostaphylos L. Bulgaria, Iran, Northern Caucasus, 
South Caucasus, Turkey

V. cylindraceum Smith Azores

V. padifolium J.E. Sm. ex A.Rees Madeira

Herpothamnus (Small) Sleumer V. crassifolium Andrews North America

Macropelma (Klotzsch) Hook. f. V. dentatum Smith,
V. reticulatum Smith

Hawaii

Myrtillus Dumortier V. ovalifolium Sm. North America and East Asia

V. myrtillus L. Circumboreal zone

V. parvifolium Smith North America

V. calycinum Smith Hawaii

Neojunghuhnia Koord. V. insigne (Koorders) J.J. Sm. New Guinea

Nesococcus Copel. V. philippinense Warb. (Luzon). Philippines

Neurodesia (Klotzsch) Hook. f. V. crenatum (Dunal) Sleumer South America

Oarianthe Schltr V. finisterrae Schltr., 
V. leptospermoides J.J. Smith

New Guinea

Oreades Sleumer V. poasanum J.D. Smith Central America

Polycodium (Rafinesque) 
Rehder

V. stamineum L. North America

Praestantia Nakai. V. praestans Lamb. East Asia

Pseudocephalanthos C.Y.Wu & 
R.C.Fang.

V. lanigerum Sleumer East Asia

Pyxothamnus Sleumer V. consanguineum Klotzsch,
V. floribundum Kunth

Central and South America

V. ovatum Pursh North America

Rigiolepis (Hook.f.) Sleumer V. acuminatissimum Miq. Southeast Asia

Vaccinium L. V. vulcanorum Kom. Far East

V. gaultherioides Bigelow, V. 
uliginosum L.

Circumboreal zone

Vitis-idaea (Moench) Koch V. vitis-idaea L. Circumboreal zone

V. minusculum Sleumer New Guinea

Table 2 (continued) / 
Продолжение таблицы 2

barcoding revealed polyphyly of the genus, but defined 
the tribe Vaccinieae as monophyletic [2], with members 
of different genera clustered according to their geograph-
ical origin. For example, the Andean clade includes rep-
resentatives of 17 genera, which diversity is concentrated 
in the region of the northern Andes, or the Mesoameri-
can/Caribbean clade includes 6 genera, which represen-
tatives are common in Central America and the Caribbean 
islands. Perhaps such discrepancies are related to the 
different breadth of species coverage, as information on 
microsatellite repeats was obtained only for economi-
cally important species. Therefore, further more extended 

analysis will help resolve the remaining taxonomic issues 
within Ericaceae and its many genera. Additionally, it may 
be practical to use other chloroplast markers presented 
in Table 1.

SSR markers also allow assessment of genetic di-
versity in populations of wild relatives of cultivated spe-
cies. This knowledge helps develop effective conserva-
tion strategies and facilitates their use for agricultural 
purposes.

The natural habitats of V. macrocarpon and V. oxy-
coccos overlap in many areas. Thus, in order to under-
stand better the relationship between the two cranberry 
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Fig. 2. Phylogenetic tree of economically important species of the genus Vaccinium, built on the basis of the SSR loci of mitochondria 
and chloroplasts [32]. I — Species belonging in the Oxycoccus section, II — Vitis-idaea, III — Batodendron, IV — Cyanococcus
Рис. 2. Филогенетическое дерево экономически важных видов рода Vaccinium, построенное на основе локусов SSR митохондрий 
и хлоропластов [32]. I — Вид, входящий в секцию Oxycoccus, II — Vitis-idaea, III — Batodendron, IV — Cyanococcus

species, Rodriguez-Bonilla et al. [35] estimated the 
genetic distance on microsatellite sequences of organ-
isms from wild populations. Consequently, the popula-
tions were divided into two main clusters, one of which 
contained all accessions of V. oxycoccos, and the other 
included all accessions of V. macrocarpon. This was also 
confirmed by principal component analysis, which also 
revealed geographic clustering within species.

Genetic evaluations of both species showed very high 
levels of heterozygosity. These results are consistent 
with the biology of cranberries, which is characterized 
by cross-pollination and reduced fertility in experimen-
tally obtained inbred lines [36]. These features contribute 
to the maintenance of a high level of genetic diversity in 
wild cranberry populations [35].

NGS DATA FOR STUDYING 
THE SYSTEMATICS AND PHYLOGENY 
OF THE GENUS VACCINIUM

Recent assemblies of the genomes of V. macrocar-
pon, V. microcarpum, V. oxycoccos, and V. corymbosum 
facilitated their comparative genomics [15, 37]. Molecular 
age determination revealed that V. macrocarpon diverged 
from V. oxycoccos approximately 2 million years ago, and 
4.5 million years ago from V. microcarpum the results 
indicate that divergence of V. macrocarpon and V. corym-
bosum occurred between 5 and 10.4 million years ago. 
Additionally, the analysis showed that the divergence of 
Vaccinium from the more distant relatives, Rhododen-
dron williamsianum Rehder & E.H. Wilson (order Ericales, 

family Ericaceae) and Actinidia Lindl. (order Ericales, 
family Actinidiaceae) occurred 22 and 52.1 million years 
ago, respectively.

Additionally, this analysis revealed two polyploidi-
zation events in the evolution of the genus Vaccinium, 
namely an ancient γ-tripplication and a later whole-ge-
nome duplication (Vm-α) shared with other members of 
the Ericaeae, Theaceae D. Don, and Actinidiaceae Gilg & 
Werderm families approximately 58 million years ago. 
This age determination is consistent with the Dl-α du-
plication of the genome in Diospyros L. (order Ericales, 
family Ebenaceae Gürke) and the Ad-α duplication in Ac-
tinidia (Fig. 3).

Blueberry breeding has a short history and began in 
the 20th century in the USA. To improve the basic quali-
ties of the crop, breeders used interspecific hybridiza-
tion of tetraploid and hexaploid blueberry species, which 
formed naturally through unreduced gametes. This is 
why cultivated blueberries have several levels of ploidy, 
namely, tetraploid lowbush V. angustifolium, tetraploid 
highbush V. corymbosum, and hexaploid Rabbit-Eye 
blueberry V. virgatum. Additionally, when breeding high-
bush varieties, species common in the northern states 
were used, which led to their resistance to the north-
ern climate. These cultivars later came to be known as 
northern highbush blueberries, which were then crossed 
with southern blueberries to produce varieties adapted 
to cultivation in the southern states, southern highbush 
blueberries.

Since the history of blueberry breeding is well docu-
mented, Nishiyama et al. [38] used ddRAD sequencing to 
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Amborella

γ

I

III

II VI

Dl-α

Vm-α 52,1 million years ago

22 million years ago

5–10,14 million years ago

4,5 million years ago

2 million years ago

Ad-α

Arabidopsis

Vitis

Diospyros

Camellia

Actinidia

R. williamsianum

V. corymbosum

V. macrocarpon

V. microcarpum

V. oxycoccos

Fig. 3. Whole genome duplications in cranberry evolution based on pooled data [15, 37]. I — represents a γ-triplication, 
II — represents a Vm-α duplication, both of which formed the modern Vaccinium genome; III — Dl-α duplication of the genome 
characteristic of the genus Diospyros; IV — Ad-α duplication of the Actinidia genome
Рис. 3. Полногеномные дупликации в эволюции клюквы на основе объединенных данных [15, 37]. I — γ-трипликация, 
II — Vm-α-дупликация, оба этих события сформировали современный геном Vaccinium; III — Dl-α-дупликация генома, характерная 
для рода Diospyros; IV — Ad-α-дупликация генома Actinidia

perform its genetic population analysis. This algorithm 
enabled the sequencing of the genome regions associ-
ated with restriction sites, which were selected on the 
basis of the published blueberry V. corymbosum genome. 
Thus, rapid and economical detection of SNPs and indels 
in the studied genomes was achieved.

An analysis of the population structure suggests that 
the blueberry cultivar Rabbit Eye and northern highbush 
blueberries are relatively homogeneous, but southern 
highbush blueberries contain a much more mixed genetic 
background. Taking into account the pedigree of blueber-
ries, the most optimal was the division of the entire data 
set into nine hypothetical genomes, which correspond 
to the number of species actively used in the course of 
breeding (V. darrowii, V. elliottii, V. tenellum, V. angus-
tifolium, V. corymbosum, V. constablaei, V. virgatum, 
V. myrtilloides, and V. pallidum). The trends identified are 
consistent with the history of blueberry breeding [38].

Thus, this method has shown its adequacy for the 
genus Vaccinium and can be further used for other taxa 
under study.

In phylogenetic studies, data on biochemical compo-
sition can also be useful, given that Vaccinium species 
are producers of important secondary metabolites. One 
of these metabolites is the iridoid glycoside monotro-
pein, which was found in the fruits of cultivated spe-
cies of cranberries, lingonberries, bilberries, and bog 
whortleberry V. uliginosum, but does not occur in close 
relatives, namely North American blueberries V. corym-
bosum, V. angustifolium, and V. virgatum. A more de-
tailed analysis, including both cultivated blueberry va-
rieties and wild species, revealed monotropein in five 

varieties (Bluehaven, Blue Ridge, Ornablue, Ozarkblue, 
and Summit) and in all 13 wild Vaccinium species analyzed 
(V. arboreum, V. calycinum, V. consanguineum, V. me-
ridionale, V. cylindraceum, V. elliottii, V. floribundum, 
V. fuscatum, V. ovatum, V. padifolium, V. reticulatum Nene, 
V. reticulatum Red Button, and V. stamineum). Ecotypic 
and pedigree analysis showed that only the Bluehaven 
variety belonged to the northern highbush ecotype, i.e., 
blueberry species common in the northern states of the 
USA were used in its breeding, and the Ornablue variety 
is a hybrid of the cultivated Concord and wild V. pallidum. 
In the breeding of each of these five varieties, there 
was hybridization with wild monotropein-positive spe-
cies. Therefore, we suggest that the presence of mono-
tropein in these varieties is associated with the intro-
gression of wild species into cultivated blueberries [39]. 
A similar approach can be further used to establish phy-
logenetic relationships between accessions.

CONCLUSION
In summary, we conclude that currently, the taxono-

my of the genus Vaccinium is not well established owing 
to many difficulties faced by researchers. First, the DNA 
barcoding data clearly showed the polyphyletic nature of 
the genus Vaccinium, as well as the joint clustering of 
species with similar geographical localization. Second, 
species that were previously considered to be more phy-
logenetically distant were included in the same clade, 
whereas species that were considered close were placed 
in different clades. One of the reasons for these ambigu-
ous results may be hybridization and polyploidization 
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during speciation. Due to the existence of these ambigui-
ties, botanists still adhere to the traditional genus system 
based on morphological characteristics. According to this 
system, the genus includes 33 sections, but the species 
composition of the sections and the evolutionary relation-
ships between them remain controversial. Constructions 
based on the analysis of NGS sequencing results often 
coincide better with those based on traditional taxonomy 
than those based on DNA barcoding methods. Although 
more recent NGS sequencing methods provide new data 
that expand our knowledge about the origin and evolu-
tion of the Vaccinium genus and its relatives, they re-
main more laborious and expensive than DNA barcoding 
methods. This is why researchers studying the taxonomy, 
evolution, and domestication of these organisms still use 
additional sets of molecular markers to conduct large-
scale studies of representatives of the genus Vaccinium 
and the tribe Vaccinieae.

In some cases, unique DNA sequence fragments re-
cently introduced into genomes as a result of horizontal 
gene transfer can be regarded as markers. This approach 
enables combining individual species into clusters and 
tracking the relationship of species within clusters [20]. 
Analysis of the published genomes of some represen-
tatives of the genus indicates that the genus Vaccinium 
has such sequences. Naturally transgenic organisms 
were found in the genus [40], containing the sequence 

of the rolB/C-like gene. The presence of this conserved 
sequence in several species and a common localization 
site may indicate the transformation of their common 
ancestor with the subsequent transfer of this DNA frag-
ment to descendants and its gradual divergence. Thus, 
the rolB/C-like gene can be used in the future as a phy-
logenetic marker for the genus Vaccinium.
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