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The first publications in which species-specificity of
DNA was originally hypothesized used the term “species-
specificity” in not entirely exact meaning; they only
demonstrated some DNA difference in various rather dis-
tant species [1, 2]. These and some other studies analyzed
mainly distant species of microorganisms, plants, and
animals. However, species-specific taxonomic characters
should describe precisely the species and allow distin-
guishing the species from closely related species.
Nevertheless, it was clear that found correlation between
DNA characters and relatedness of taxa opened wide per-
spectives for systematics. But only now, fifty years later,
one can say that science begins the full-scale study and
the use of the species specificity of DNA in the exact
meaning of this term. We must note, the last is mainly
attributed to eukaryotes because in microbiology the
development of molecular criteria corresponding to
species described earlier on the basis of morphological
characters and metabolic features began earlier than in
systematics of animals and plants due to poor morpho-
logical and other phenotypic features.

PROKARYOTES

In the review [3], I. N. Blokhina and G. F. Levanova
already cited more than 200 references employing data on
DNA structure for systematics of bacteria; and they sum-

Abbreviations: CBOL) International Consortium Barcodes of
Life; MLSA) multilocus sequence analysis; MLST) multilocus
sequence typing; mtDNA) mitochondrial DNA; PCR) poly-
merase chain reaction.

marized data on nucleotide base composition of DNA
(proportion G + C) for more than 600 species. They also
indicate that DNA composition has become a generally
accepted criterion used for solution of numerous prob-
lems in systematics of bacteria, though its use cannot
always guarantee distinguishing of species. Nevertheless,
in some groups of bacteria even this rough parameter
helped to define more precisely species composition or at
least revealed necessity for perfect classification [3]. As it
is known now the strains of one species usually differ by
not more than 5% in GC content, whereas in various
species the difference in GC content ranges from 20 to
80% [4].

Since the beginning of the 1970s, the method of
molecular hybridization of DNA has been employed in
systematics [5]. Soon it was found that the level of
DNA—-DNA hybridization is usually more than 70%
among strains of the same species, whereas among differ-
ent species this value is markedly lower [6, 7]. In 1987,
this criterion was approved as a threshold for species
demarcation and it was recommended for demarcation of
species [8]. In eukaryote systematics the method of DNA
hybridization is rarely used now, but it is still the main
method for subdivision of bacterial strains into species
and for description of new species in spite of many weak-
nesses and numerous critics [9, 13]. Results obtained
using this method may vary due to effects of factors that
are hard to take into consideration. These include physico-
chemical parameters, size of genome, the presence of
large plasmids, purity of isolated DNA, etc. Differences
between results of reciprocal reactions may reach 15%
[10]. This method is time and labor consuming, rather
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expensive, and applicable only for cultivated strains.
Finally, it is a relative measure.

Use of the 70% criterion often demonstrated an
enormous amount of phenotypic diversity within one
species. So as soon as methods for determination of DNA
sequences were developed the search for criteria based on
sequence divergence of homologous regions of bacterial
genome started. A gene encoding the small subunit (16S)
ribosomal RNA was chosen as the standard fragment.
Data accumulated by the end of 1990s demonstrated lack
of linear dependence between divergence levels of 16S
rRNA and DNA—DNA hybridization in pairs of strains
belonging to one species [11, 12]. Nevertheless, if the
divergence level of 16S rRNA exceeded 3% for strains
from various species the level of hybridization of their
DNAs was always below 70% (although the converse is
not always true). The threshold value of 3% was accepted
for the intraspecies divergence of 16S rRNA, but it was
recommended to detect the level of DNA hybridization
[12]. Genome parameters of difference required to con-
sider strains of bacteria as sufficiently divergent to be in
different species (G + C content > 5%, nucleotide substi-
tutions in 16S rDNA sequences > 3%; the level of DNA
hybridization with nearest strains < 70% under standard
conditions) were recommended as “minimal standards”
for description of bacteria species. However, analysis of
data accumulated after 1994 indicated the necessity of
correction of the threshold value for similarity of 16S
rRNA sequences for compared strains (at which determi-
nation of percentage of DNA hybridization is recom-
mended) up to 98.7-99% [10].

Data on bacterial DNA hybridization values
obtained during recent years are quite consistent with
results obtained by comparisons of sequences of whole
genomes or several genes [13, 14]. Comparison of
sequences of genes common for 70 fully sequenced bacte-
rial genomes demonstrated that for strains exhibiting
more than 70% hybridization of whole-genomic DNA,
the parameter of average nucleotide identity (ANI) was at
least 94% [14]; for common protein-encoding genes this
parameter was not less than 85% [15].

Molecular approaches, especially DNA sequencing,
opened the possibility to study difficult for cultivation
organisms and to determine some of their phenotypic
characters [16, 17]. Surveys of sequences of bacterial
genes from various environmental samples have shown
that cultivable at present (and consequently more or less
investigated) bacterial species represent fewer than 1% of
their actual number, which may reach a million or even a
billion [18, 19]. Study of 16S rRNA is widely used for
analysis of bacterial diversity of various environments and
for approximate assigning of non-cultivated strains to
known species. Even sequencing of 16S rRNA fragments
may define more precisely species belonging of phenotyp-
ically aberrant strains, which would be important in clin-
ical practice [20].
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Since resolution obtained by analysis of 16S rRNA
sequences is insufficient, some attempts have been under-
taken for identification of bacterial species using
nucleotide sequences of more rapidly evolving protein-
encoding genes. However, use of one gene usually
revealed few informative sites for distinguishing related
species and results can be easily distorted due to homolo-
gous recombination occurring between strains of one or
even of closely related species. Although some time ago it
was suggested that this happens rarely [21], recent studies
have shown that in some groups of bacteria homologous
recombination occurs quite frequently, and may involve
several thousand nucleotides. It may occur between
strains, in which divergence of nucleotide sequences
reaches 25% [22], though in general the decrease in
recombination probability exhibits logarithmic depend-
ence on the increase in sequence divergence [23].
Nevertheless, it is accepted that it is more reliable to use
several protein-encoding genes [13].

GenBank now contains information on more than
1200 projects on sequencing of full genomes of bacteria
and archaea (about 1000 projects have been finished),
and in many organisms the gene inventory has been inves-
tigated by means of the microarray analysis. Comparison
of open reading frames in genomes of some pathogenic
species has shown that they may have a conserved core of
50-100 genes (most of them are housekeeping genes) and
a dispensable part [24]. Dispensable genes are sporadical-
ly found and their proportion in genomes of various
species may significantly vary due to horizontal gene
transfer and also to their partial loss [25, 26].

Multilocus sequence analysis (MLSA) has been pro-
posed [13, 27] as an alternative to DNA hybridization
method for recognizing strains belonging to the same
species. With the MLSA approach it is possible to put the
data obtained into a universal context even if isolates
have not been cultured because this method is based on
fully annotated genomes. MLSA represents the further
development of multilocus sequence typing (MLST)
originally designed in molecular epidemiology [28, 29]
and employing DNA hybridization on microarrays (a
microarray analysis). MLST distinguishes closely related
strains; using this approach, it is possible to take into
account allele variants differing in several variable posi-
tions. MLSA employs sequencing of several (e.g. seven)
genes or their fragments (about 500 nucleotides in length)
with universal primers and subsequent comparison of
concatenated sequences. These should be single-copy
protein-encoded genes (mainly housekeeping genes,
which evolve rather slowly, but faster than 16S rRNA),
which preferentially accumulate neutral substitutions.
For different groups of bacteria the sets of genes may dif-
fer and may include genes of wider or narrower specifici-
ty. Species identification procedure may employ a two-
step process: initial assigning e.g. to a genus may use 16S
rRNA, and assigning to a species may use MLSA [13].
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The demarcation of species is rather complicated in
application to eukaryotes, and in the case of prokaryotes
it is empirical and occasional (the species are often clus-
ters of similar organisms based on their useful or harmful
properties for man). So some microbiologists believe that
species demarcation based on similarity of gene
sequences of the described species (this is usual way for
animals and plants species) is not promising; according to
their viewpoint clusters of strains recognized by MLSA
may give more reasonable subdivision of bacterial com-
munities into species [13]. There are suggestions to create
Internet databases for data obtained in various laborato-
ries with MLSA on genes of especially interesting groups
of bacteria and to develop electronic identification sys-
tems on this databases which would help to assign a strain
at least to a cluster [31].

Studies of nucleotide sequences give a great body of
rapidly accumulating data and knowledge for the devel-
opment of various concepts of species and model for
species evolution in bacteria [21, 22, 32, 33]. They are
mainly based on data on homologous recombination and
horizontal gene transfer as well as on limitations and bar-
riers preventing these processes observed in bacterial pop-
ulations [34]. According to modern considerations, only
taxonomy based on comparison of gene sequences in
combination with various phenotypic information give a
consensual and pragmatic approach to defining bacterial
species [31, 35].

EUKARYOTES

The first attempts to compare DNA composition of
eukaryotes demonstrated “insufficiency of analysis of
nucleotide base composition for investigation of species
specificity and desperate need for use of deeper and finer
approaches, first of all study of nucleotide sequence”
[36]. Attempts to use DNA—DNA hybridization also
demonstrated that due to high complexity and hetero-
geneity of eukaryotic genomes, this method gave phylo-
genetic information (requiring reasonable labor con-
sumption) only for comparison of groups connected by a
certain rather narrow level of relatedness.

Effective study of very closely related groups became
possible only after the development of methods for more
specific comparison of nucleotide sequences: initially the
method of analysis of restriction fragment length poly-
morphism (RFLP) and later, after the development of
PCR, the method of random amplification of polymor-
phic DNA (RAPD), analysis of microsatellites, of inter
simple sequence repeats (ISSR)-PCR, etc. [37-39].
Indeed, these methods could reveal species-specific dif-
ferences and even intraspecies polymorphism. These
methods are still widely used especially in studies of
plants. But only the development of methods for
sequencing made possible direct comparison of gene
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sequences and search among them those sufficiently vari-
able to serve as the species-specific markers.

Phylogenetic studies of animals at the species level
initially employed mitochondrial genes, which exhibit
higher polymorphism than nuclear genes; this gave the
possibility to compare and distinguish closely related
species. Mitochondrial DNA can be easily isolated (espe-
cially from damaged material), it is inherited via the
maternal line and is less subjected to recombination than
nuclear DNA. The most frequently studied genes are the
genes encoding cytochrome b (cyth), subunits of
cytochrome ¢ oxidase (cox! and coxZ2), and so-called
“control region” or D-loop. Other genes are also used.
These include genes encoding subunits of nicotinamide
dinucleotide dehydrogenase (ND1, ND2, ND3, ND4,
NDS5), 12S and 16S rRNA, and other fragments of the
mitochondrial genome. In nuclear genomes, rRNA inter-
nal transcribed spacers ITS1-2, histone H3, transcription
elongation factor 1-A (fef), B-tubulin (fub), and the most
recently recombination activation gene (rag), introns of
actin gene, myoglobin, B-fibrinogen genes, and some
others were analyzed. Plant phylogeny studies employed
non-coding regions of the chloroplast genome: introns of
genes rpll6, rps16, rpoCl, trnK, trnl and intergene spac-
ers (trnL-trnF, trnT-trnl, atpB-rbcL, psbA-trnH). The
inventory of nuclear regions was rather limited: rRNA
internal transcribed spacers I'TS1-2 and rarely introns of
RNA polymerases, genes of alcohol dehydrogenases
(Adh), and some others were preferentially used.

Advances in technology and lowering costs of DNA
sequencing resulted in sequencing of some genome
regions in several thousand species; for example, cytbh and
cox 1 in animals, ITS1-2 and intron of ##nL gene in plants
[40, 41]. Recently, gene sequencing became available not
only for single specimen from species or intraspecies taxa,
but also for more or less representative sample. This stim-
ulated study of species at a new level. For some animals
species (agricultural animals and birds, marketable fishes,
strictly protected species) species identification systems
for detection of corresponding DNA in foodstuff, smug-
gling products and also for forensic medicine have already
been developed; these are based on cyfb, and also 12S and
16S rRNA and microsatellites [42]. Special computer
identification system “DNA Surveillance” has been
developed for the order Cetacea, consisting of 80 species
[43]. It is possible that they are the only taxonomic group
of this rank with a species list studied so fully with two
mitochondrial markers (cyth and control region). The
representative set of reference sequences derives from
expertly identified specimens.

Selection of gene by scientists depended on acciden-
tal factors; for example, gene cytb and the control region
of mtDNA are most frequently used for phylogenetic
studies of vertebrates at species level, but cyfb has rarely
been used for investigation of such huge and diverse group
as insects in spite of good resolution received with this
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region [44, 45]. Use of different molecular markers by
various authors complicates analysis and summarization
of results obtained in different laboratories; this suggests
the necessity for coordinated studies.

Special attention [46] is given to the gene encoding
cytochrome ¢ oxidase subunit (cox/), presented in all
studied mitochondrial genomes and actively studied for
more than 20 years. The gene consists of 1540
nucleotides. Phylogenetic studies frequently employ its
variable 5’-half of about 650 nucleotides in length; it is
positioned between two conserved sequences. Using stan-
dard primers constructed to these sequences, it is possible
to amplify corresponding DNA fragment in most multi-
cellular organisms [47].

Comparison of sequences of 5'-fragments of cox/
from specimens belonging to various species of birds, but-
terflies, spiders and other groups of animals obtained by
the authors or taken from GenBank has shown [46, 48-
50] that interspecies divergence of sequences is >2-3% (6-
23%, average 11.3%), whereas intraspecies one is usually
<3%, frequently 1% (divergence of sequences was deter-
mined by calculating distances using the Kimura two
parametric model). The values of intra- and interspecies
divergence of 5'-fragments of cox1 differed by 5-20-fold.
As the result of these comparisons the suggestion was pro-
posed to use the 5'-fragments of cox/ as a molecular bar-
code for identification of animal species and to set a rule
of 10-fold differences (10x SST, species-screening thresh-
old) in values of intraspecies and interspecies divergence
of coxI-fragment sequences or employ the 2-3%
sequence divergence as the species threshold. The second
criterion includes the existence of reciprocal monophyly,
representing lack of sequence overlapping [49].

This represented a good background for the new
international program “Barcode of Life Initiative” pro-
posed for studies and molecular cataloging of species
diversity of all animals and plant world of the Earth. The
major goal of this program is to provide molecular identi-
fication of organisms using standardized DNA region
(DNA barcode) and to create a special database that
would be more taxonomically accurate and would have
more rigorous rules for entry of the data compared with
existing GenBank databases. In the opinion of the
authors of this initiative DNA barcoding, besides rapid
and reliable assigning specimens to known species would
really facilitate discovery of new species through identifi-
cation of lineages divergent by the barcode as well as spec-
ification of interspecies borders. Molecular identification
is important both for science (systematics, ecology, bio-
geography, etc.) and practice (protection of environment,
monitoring, quarantine services, medicine, veterinary,
forensics, control of medicinal materials and products,
etc.). This program attracts special interest of specialists
studying groups of organisms, where traditionally used
approaches are rather ineffective and where it is impossi-
ble to identify a specimen by its appearance and special
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(time consuming) procedures are thus required; this is
also important for cryptic (morphologically similar)
species and/or very small organisms, such as sponges,
nematodes, flat worms, copepods, insects, spiders, algae,
mosses, and many others. It is very important that for the
analysis of DNA region it is sufficient to have a tiny frag-
ment of any tissue of an organism at any stage of its devel-
opment including preserved collection specimens.

For coordination of studies and database develop-
ment the system known as BOLD (The Barcode of Life
Data Systems; www.barcodinglife.org) and the interna-
tional consortium CBOL (Consortium for the Barcode of
Life) with secretariat at the Natural History Museum
(Washington) have been organized. This consortium joins
together all institutions and persons working in the stream
of the approach. According to the standards developed by
CBOL, DNA sequences selected as the standard should
meet the following criteria: i) they should be rather short
(not more than 700-800 nucleotides in length for facilita-
tion and economy of isolation, amplification and
sequencing); ii) they should be rather variable (for dis-
crimination of closely related species) but flanked with
conserved regions required for amplifications with
primers of wide specificity; iii) they should be easily
aligned (i.e. they should contain very few indels). At the
moment only one region of DNA, a fragment of cox],
corresponding to the fragment of mitochondrial gene of
mouse DNA (positions from 58 to 705 of 648 bp in
length), has been approved as a barcode. A sequence
added to the database as the barcode should include not
less than 500 neighboring nucleotides, should be read in
both directions, should include sequences of forward and
reverse primers, and should not contain more than 1% of
polymorphic positions. In the case of assembly of the
sequence from several amplicons using several primers,
all information should be presented with indications of
primer nomenclature.

Potential applicability of the cox/ fragment as the
DNA barcode has been demonstrated for representatives
of many groups of animals, possibly for some algae and
fungi, but definitely not for all eukaryotes. Many authors
doubt that just one region of the genome can serve as a
reliable species marker, especially that it would be possi-
ble to select one DNA region for identification of all ani-
mal species [51-53]. In some animals cox/ gene variabili-
ty is low: for example in sponges [54] and cnidarians [55]
for which low variability of mitochondrial genes including
cytb [56] has been demonstrated earlier. Other organisms
are characterized by too high variability of cox/, and in
this case it is impossible to use conserved primers (e.g. in
copepods [57], amphibians [53], for which more suitable
mitochondrial genes encoding NDI1 [58] or 16S rRNA
[59] may be used). In some animals cox/ is subjected to
large rearrangements and therefore it is impossible to use
universal primers (e.g. nematodes, flukes, tardigrades
[60]). Such groups require the development of specific
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primers or the use of other regions of the genome.
Alternative markers for many organisms (especially inver-
tebrates) may include fragments of nuclear ribosomal 18S
(SSU) and 28S (LSU) rRNA [61, 62], representing
mosaics of alternating conserved and variable regions,
which make possible to use universal primers for their
amplification.

It has also been proposed to increase the length of
the analyzed fragment in the case of necessity (modern
technologies provide reasonable opportunities to do that
[63]). For example, in sponges (the group characterized
by difficulty of species identification even for experienced
taxonomists) acceptable level of variability may be
achieved by use of a longer (approximately by 460
nucleotides) fragment of cox/, rather than of the recom-
mended standard region [54].

Fungal mitochondrial genomes still require better
investigation, but it is known that the length of cox I in
them is subjected to significant variations due to the pres-
ence of introns, and so in phylogenetics of fungi it is not
usually employed. Studies of closely related fungal species
preferentially employed fragments of nuclear DNA
encoding -tubulin (fub), rIRNA ITS1 and ITS2, transla-
tion elongation factor 1-A (tef), and variability of each
fragment used separately was insufficient for acceptable
resolution [64]. Special analysis of GenBank data on fun-
gal mitochondrial genomes has shown the uneven distri-
bution of cox I introns including the region corresponding
to the barcode [65]. Promising results have been obtained
in the barcode testing of the cox I fragment of ascomycetes
taxa from one of the most important for man representa-
tives, Penicillium genus [65]. (This is a taxonomically
complex group for which the identification based on
molecular markers has not been developed [65].) The
variability of this fragment was satisfactory and introns
were found in minor group of strains, but in that case it
would be possible to use reverse transcription (RT)-PCR.

For plants a DNA fragment candidate for barcode
has not been found yet. In most cases, the mitochondrial
DNA genes including cox/ are inapplicable due to low
and uneven variability and frequent large structural
rearrangements [66, 67]; some algae possibly represent an
exception. Identification employing cox/ fragment was
successful in some groups of red algae [68]. This was
promising. However, attempts to use this fragment for
analysis of complex groups of species of brown algae have
shown lack of correlation between the haplotype distribu-
tion and data obtained by means of two other markers,
nuclear ITS and the plastid spacer rbcSp, frequently used
by algologists [69]. Thus, potential species specificity of
cox1 in algae is still questioned.

Variability of chloroplast-encoding genes (rbcL,
ndhF, matK, atpB) as well as non-coding introns and
spacers was often insufficiently informative [70]. Analyses
in silico, appearing in the process of accumulation of data
on full-sized chloroplast genomes, demonstrate the pres-

BIOCHEMISTRY (Moscow) Vol. 72 No. 12 2007

1381

ence of highly variable regions that have not been used yet
in phylogenetic studies [71, 72]. However, suitable candi-
date fragments among them, as well as among low-copy
nuclear genes, which would be used as a barcode, have
not also been found yet [73, 74]. Now the chloroplast
spacer psbA-trnH is considered as a putative barcode can-
didate [75, 76], but recently it has been demonstrated that
its variability is insufficient for phylogeny studies at the
species level [77, 78].

In plants the most variable are nuclear spacers ITS,
and they are more frequently used due to several addi-
tional advantages: biparental inheritance, development of
many primers, with which they are readily amplified
(including herbarium samples); however, some problems
arise during their use [79, 80]. The most frequent are
indels and possible existence of multiple non-identical
paralogous copies, including nonfunctional pseudogenes
(sometimes within one genome); they cannot be always
found during direct sequencing without cloning, and
cloning significantly complicates the work and increases
expenses. On the other hand, successful phylogenetic
analysis of closely related species by means of ITS
pseudogenes free of constraints during accumulation of
mutations has recently been reported, and these are more
variable than corresponding functional paralogs [81].

It should be noted that the problem of pseudogenes
complicates use of the mitochondrial gene as well. In
many animals and plants there are nuclear copies of
mitochondrial genes (numt), which represent (in most
cases) nonfunctional genes with nucleotide sequences
markedly differing from the corresponding mitochondri-
al sequences. These numts are characterized by uneven
distribution, and some groups and even closely related
species may differ in their presence and abundance. Since
nuclear genes evolve more slowly than mitochondrial
genes (in animals) they will exhibit preferential amplifi-
cation with universal primers. The presence of unfound
numt in the analyzed sample will increase the detected
level of divergence, and therefore it is important to mon-
itor the presence of pseudogenes [82].

Some authors believe that nuclear ITS are still the
best choice for studies of plants (possibly together with
chloroplast, mitochondrial, or low-copy nuclear regions)
because of their known and well-studied shortcomings
and constraints [83, 84]. It is also possible to develop two-
or three-step DNA barcoding of plants: the first step
would employ a conserved region of the genome (e.g.
rbcL) which may refer a testing specimen say to a family,
whereas the second step would use one of more specific
markers [85, 86]. However, evaluation of applicability of
a putative marker as the species-specific indicator is
mainly based on the information about its resolution for
phylogeny reconstruction. But these tasks are not identi-
cal. In the phylogenetic analysis evaluation of similarity
(distance) usually involves all or informative positions
(sometimes including indels). Identification may be car-
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ried out by determining species-specific indels, autapo-
morphies, or combinations of rare substitutions. It was
also found that sometimes DNA regions with variability
insufficient for phylogeny reconstruction might provide
reliable species identification after optimization of crite-
ria [83, 85].

Now wide scale testing of the barcode cox/ employs
various taxonomic groups. During the past two-three
years many studies have been carried out and in half of
them the values of interspecies divergence of the cox/
fragment are within the proposed 3%, and there is no
overlapping between intra- and interspecies variability
and most species have been reliably identified.

However, other studies have demonstrated overlap-
ping both within certain groups [53, 87] and during in sil-
ico analyses covering larger groups [88, 89]. In some cases
such overlapping could be interpreted as inapplicability of
certain genome region as a barcode whereas in others this
could demonstrate imperfectness of the taxonomical sys-
tem analyzed and superfluous splitting of species. Thus, it
is reasonable to conclude that taxonomically well-under-
stood groups as well as reference databases based on rep-
resentative samples for all the species covering intraspe-
cific morphological, geographical, and ecological diversi-
ty of species are necessary prerequisites for successful use
of DNA barcodes as the species identification system.
This is especially important for young recently diverging
groups for which DNA barcoding may be ineffective.
Such species may undergo frequent hybridization
between each other and constitute species complexes.
Multiple haplotypes unevenly distributed among individ-
uals have been found within these complexes, and analy-
ses of different combination of single exemplars could
have resulted in a different inferred phylogeny [90, 91]. In
the complexes of species with frequent intertaxa
hybridization, distribution of molecular markers fre-
quently reflects geographic distribution of groups due to
introgression [92, 93].

Studies of four fragments of the genome (one nuclear
and three mitochondrial including cox1, of total lengths
of 2000 nucleotides) of the complex of beetles of genus
Copelatus from Fiji Islands have shown marked diversity
of haplotypes forming a continuum of related groups [94].
In other cases studies of molecular variability of one gene
revealed several lineages corresponding to cryptic species
within one morphologically non-polymorphic genus. For
example, cox variability in the Astraptes fulgerator butter-
flies (about 500 individuals were studied) revealed 10 lin-
eages corresponding (according to the authors’ view-
point) to species and this correlated with differences in
food preferences and in color of their larvae [95].
Variability of mitochondrial 16S rRNA suggested the
presence of 15 cryptic species in the Schindleria prae-
matura fish [96]. Based on distribution of molecular line-
ages pilot systems for subsequent detailed taxonomic
analysis can be created. It should be noted that the idea of
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using DNA barcodes for identification of new species has
been criticized from many viewpoints [97, 98], including
concerns that this approach does not take into considera-
tion multiple concepts and criteria elaborated for species
and related uncertainty of this definition, which still
exists. However, one cannot deny that use of molecular
markers of rather narrow specificity allows to better
understand not only structure of biodiversity groups, but
also taxonomic importance and the mode of evolution of
many other characters.

Now active search and analysis of species-specific
DNA regions is carried out and areas of their applications
are extended as well. There are several tens of pilot proj-
ects on DNA barcoding of butterflies, birds, fishes, invad-
ing species, etc., preferentially based on good collections
available. Newly published results are immediately ana-
lyzed and criticized by colleagues and soon it becomes
clear in which cases and in which groups DNA barcoding
is effective. Meanwhile CBOL already plans to build a
library of reference DNA barcode sequences for all
known eukaryotic species and to develop a portable field
identifier, which would analyze DNA barcodes in a small
fragment of tissues from a particular organism and deter-
mine species belonging by search in a database.

E. Chargaff, the author who was the first to report on
the differences in DNA composition in various species
[1], wrote many years later that his paper carried the seeds
for the future [99]. Such seeds for the future were also in
the papers on species-specificity of DNA [2, 36], this can
be demonstrated by advances and also by perspectives in
this field.

This work was supported by the Russian Foundation
for Basic Research (grant 06-04-48399) and the Program
“The genofond dynamics”.
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