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The mitochondrial cytochrome b gene marker was used to investigate the genetic variability of G. pallida
populations of different origins and selection on three sources of resistance. Aim. To sequence the mitochon-
drial gene cyt-b and to clarify its application as a genetic marker for intraspecific genetic diversity study,
phylogenetic analysis and nematode virulence assessment. Methods. The cysts of nematodes were used as a
source for DNA extraction. Polymerase chain reaction was performed using the specific primers of INRAcytbL
and INRAcytbR, followed by the amplified product sequencing. The nucleotide sequences were processed and
aligned using software PhredPhrap, CONSED and Clustal W. MEGA-4, DNADIST software package; while
PHYLIP and Arlequin were used for statistical analysis. Phylogenetic trees construction and visualization
were performed using the software package PHYLIP and TREEVIEW. Results. The phylogenetic analysis
based on mitochondrial cytochrome b gene sequences has showed that the Ukrainian populations of G. pallida
were almost identical to other populations from the Europe. Limited genetic variability was observed between
G. pallida populations distributed in the Europe and Ukraine, accounting for 82.3 per cent (P < 0.05) of the
genetic variability inferred from the mitochondrial cytochrome b gene polymorphisms within the populations
studied. G. pallida populations selected on three sources of resistance were similar but not identical indicat-
ing that changes in mtDNA haploid type frequency had taken place as a result of the selection regime, but
the marker used was not yet applicable for virulence monitoring. Conclusions. The obtained data prove the
hypothesis that G. pallida populations in Ukraine are the result of the continuing spread of the species within

the Europe and not the consequence of additional introduction from the South America.
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INTRODUCTION

For a long time the study of evolutionary interrelations
within the phylum Nemathelminthes was based on the
limited quantity of clearly specified morphological fea-
tures or ecological factors. That sometimes caused various
interpretation of similar facts, and also debates, in classi-
fication system of the nematodes, in particular [1]. Due
to implementation into practice of the new systematic ap-
proaches connected to the use of molecular markers, the
opportunity to verify existing and to formulate new phylo-
genetic hypotheses on the new, genetic level appeared [2].

The molecular markers are conditionally divided into
three groups: 1) caused by mutations in the anonymous
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segments of genome, which can be detected by the di-
verse variants of polymerase chain reaction (PCR), re-
striction fragments length polymorphism or molecular
hybridization; 2) specific and repetitive DNA elements;
3) connected to the nucleotide polymorphisms of the
specific genes or non-coding segments of DNA [3].

First steps in the introduction into nematological
studies of the third type markers were made by the use
of the ribosomal DNA sequence, in particular, the gene,
which codes the small sub-unit of ribosomal RNA (SSU
rDNA). Revision of 53 species of the nematodes car-
ried out at the end of the 90’s of the past century on the
basis of this marker allowed the authors to formulate
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the phylogenetic hypothesis, which was subsequent-
ly widely assigned on resolution of many questions
concerning the morphological evolution, systematics
and parasitism of nematodes [4, 5].

The contemporary assortment of the third type mo-
lecular markers includes the genes not only of nuclear,
but also mitochondrial DNA (mtDNA), whose advan-
tages as molecular marker consist of haploidy, maternal
inheritance, the absence of recombination and high
speed of mutations [6].

The small sizes of mtDNA (in comparison with the
nuclear one) make it possible to sequence and analyze
complete mtDNA by rapid rates. That is confirmed by
the accumulated base of such data in the GenBank: as
of the September 2013 it disposed the complete se-
quences of mtDNA of 45 species of the nematodes [7],
while the complete genome is published only for 10
species of nematodes [8].

For the very moment, the opportunity of using
mtDNA as molecular marker not only at the level of
taxonomic rank, but also populations and individuals
has been proven. Thus, some segments of mtDNA are
successfully used for distinguishing of the populations
(pathotypes) of plant parisitic nematodes [9—11], hel-
minths [12] and free-living nematodes [13].

The compact structure of mtDNA makes it possible
to determine its structural organization, together with
the information against the nucleotide composition. It
can be used in the phylogenetic studies, since it is con-
sidered that the rearrangements of 37 typical genes of
mtDNA appear to be unique, rare events and easily re-
cognized phenomenon because of the homology of the
mitochondrial genes across of multicellular organisms
[14]. It is the structural organization of mtDNA that is
assumed as the basis of the reproduction of the phylo-
genetic attitudes of the representatives of such phylum
as Arthropoda, Mollusca, Brachiopoda, Annelida and
others [15].

The similar studies of the plant parasitic nematodes
are considerably inferior in their quantity; however,
even those infrequent researches, which appeared dur-
ing two recent decades, showed the special evolution
of mtDNA in the nematodes relative to other multicel-
lular organisms. That is confirmed, in particular, due to
the structural organization of mtDNA of Meloidogyne
Jjavanica [10], Radopholus similis [16], Globodera ros-
tochiensis [17] and G. pallida [18-20].

Thus, two latter closely-related species — G. rosto-
chiensis and G. pallida — have the most complicated
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among the representatives of the Metazoa organization
of mtDNA (it has been known now), since it is proven
that the mitochondrial genes of these species are lo-
cated not in one, as usual, but in several separate annu-
lar molecules of mtDNA (small circular mitochondrial
DNA — scmtDNA) by size of 6.3-9.5 thousand bp each
[18-19].

The indicated size of scmtDNA is of insufficient
length to encode all mitochondrial genes. It is con-
firmed with the size of the smallest of mtDNA that
is sequenced for the nematode Onchocerca volvulus,
which is 13.700 bp [21]. As it was confirmed with the
investigations conducted by the British scientists, the
mitochondrial genes of the potato cyst nematodes were
located in scmtDNAs mosaically, being somewhere
duplicated in the different molecules. This is correct
for the gene of cytochrome b (cyt-b) discovered in
scmtDNA I and Il G. pallida [18-20] with the identity
of nucleotide sequences up to 99 per cent [20].

Cyt-b belongs to the group of the mitochondrial
genes, which correspond for the process of the oxi-
dizing phosphorylation, as a result of which adeno-
sine triphosphoric acid (ATF) is accumulated, which
is subsequently used by a cell for the energy supply
for the various processes of its vital activity. Now the
cyt-b gene is considered as one among the most stud-
ied taking into account its structure and function of the
protein, which it codes [22]. In particular, among the
mammals, it will soon remain no families, for which it
at least the individual section of the cyt-b gene would
not be sequenced [3].

The first studies on the use of this marker for establish-
ing the degree of the relationship of 32 South Ameri-
can populations of G. pallida has been accomplished
by Picard et al. in 2007 [23]. According to the obtained
results five well-suported clades of the nematodes re-
producing the distributions of G. pallida in the center
of its origin — Peru — from the south (around the lake of
Titikaka in the central Andes) to the north of the country
(which is also confirmed with the aid of other microsa-
tellite markers) are revealed. At that, it has been proven
that this nematode expansion was accompanied rather
by multiple host-shifts from wild to cultivated potatoes,
than by the gradual spread of initial population of G. pal-
lida together with the local forms of potatoes.

The last assertion is made by the authors on the basis
of the divergence index of the cyt-b gene nucleotide
sequences estimated in 12 per cent, which is compared
to the divergence level of the nematodes Caenorhab-
ditis briggsae and Caenorhabditis elegans, which, as
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assumed, occurred 23-120 million years ago, whereas
the propagation of the cultivated potatoes together with
the human economic activity is dated not earlier than
5000 [24]. Although the molecular clock can further
be clearly calibrated (for example, in comparison with
Heligmosomoides polygyrus Dujardin, 1845 that has
the life cycle similar to G. pallida, it is only 3 million
years), the difference between these events will never-
theless be too essential so as to reject the proposed hy-
pothesis [23].

In the following research of the same scientists [25]
with the application of the same molecular markers the
origin of 17 European populations of G. pallida is proven
from the South American populations of the nematodes
distributed around the Lake Titikaka in the central Andes
of Peru: between the Arapa, the Canyon of Colca and
the Sicuani region. At that, the above discovered cys-b
haplotypes of the South American nematode populations
in comparison with the European ones and the absence
of the geographical clustering for the European popula-
tions in the context of their tying into the country of ori-
gin of the nematodes sample (the latter is connected by
the authors with the existing market for seed potatoes in
the countries of the European Union). Thus, the authors
confirmed the hypothesis of potato cyst nematodes dis-
tribution in the world in the direction “the South Ameri-
ca — the Europe — other continents of the world”.

During the first stage of our research the cyt-b mito-
chondrial gene fragment was sequenced for the five
European (Halton, Luffness, Pal, Uzhok, Zhornava)
and one South American (PSA) G. pallida populations
[26]. The use of these original given in comparison
with the data published by Picard [23] and Plantard
[25] allowed to bring identity of G. pallida populations
of Uzhok and Zhornava from Ukraine and their belong-
ing to the same clade of the European populations of
this species.

The purpose of the following stage of the study
consisted in the determination of the nucleotide se-
quence of the cy#-b mitochondrial gene fragment for
the nematode not only by various geographical origin,
but also selection on the potatoes of resistant geno-
type for explaining the informativeness of this genetic
marker in the study of intraspecific genetic variety and
phylogenetic similarity of the nematodes from the se-
lected populations and monitoring of changes in the
degree of their virulence.

MATERIALS AND METHODS
The G. pallida samples of five European populations
(Farcet, Bedale, Newton, Rookmaker, Chavornay), two
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South American (P4A, P5A), and also three popula-
tions of special selection on the potatoes with various
sources of resistance to nematode (Farcet c11305: the
selection of the Farcet population on the resistant po-
tato clone of ¢11305, which contains the nematode re-
sistance geneSv1; Farcet ¢8906 (Sv2), Farcet c12674
(H3)) were chosen as the subject of research.

DNA from the cysts (50 cysts to each population)
was extracted applying the improved Pastrik method
[27] with additional phenol/chloroform step and etha-
nol precipitation.

For reaction of amplification the specific primers
of INRAcytbL (5'-GGGTGTGGCCTTGTTATTTC-3")
and INRAcytbR (5'-ACCAGCTAAAACCCCATCCT-
3") were used [23]. PCR in total volume of 10 ul was
carried out using the commercial reagents by the Pro-
mega (UK) on the Perkin-Elmer 9700 Thermal Cycler
amplifier (Applied Biosystems, UK) following the
procedure: initial denaturing at a temperature of 94 °C
(5 min), 40 cycles of amplification, each included de-
naturing (95 °C, 19 s), hybridization (50 °C, 30 s) and
elongation (72 °C, 30 s); final elongation was fulfilled
at the temperature of 72 °C during 5 min. The PCR
result was interpreted as positive, if the amplicon with
length of 872 bp was detected in the analyzed model.

The obtained amplicons were sequenced. For that
end, they were preliminarily processed with ExoSap-
ITTM according to the producer’s recommendation
(GE Healthcare, UK). The sequencing was fulfilled us-
ing the reagents of DNA Sequencing Kit (Perkin-Elmer
ABI PRISM Big Dye, Applied Biosystems) according
to the standard procedure of the company-producer on
the automatic of sequencer of ABI 377 (Applied Bio-
systems) with the use of INRAcytbL and INRAcytbR
primers [23].

The obtained sequences were processed applying the
PhredPhrap [28] and CONSED software [29]. The se-
quences of the mtDNA cyr-b gene of the nematode of
five populations from the countries of the Europe and
Ukraine (AM409001-AM409005) deposited owing to
our previous researches [26], and also published by
other scholars for 18 populations of G. pallida from the
Europe (EF189179, EF189182, EF189187-EF189189,
GQ294506-GQ294511, EF189178, EF189180, EF189181,
EF189183-EF189186), 32 of the South America
(AY851617-AY851648) and 14 of the North America
(HQ909338, GQ294493-GQ294505) were used for
further analysis. The corresponding sequences of Glo-
bodera rostochiensis (EF193005) and Globodera mex-
icana (AY851616) were selected as the external group.
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The nucleotide sequences were aligned applying the
Clustal W software [30]. The data were statisticaly pro-
cessed applying the MEGA-4 [31], DNADIST from
the PHYLIP package [32] and Arlequin software [33].
The phylogenetic trees were constructed, using the
PHYLIP software package [32], robustness of which
was assessed by bootstrap analysis using 1000 interac-
tions, and visualized with the aid of the TREEVIEW
software [34].

RESULTS AND DISCUSSION

The nucleotide sequence of the mtDNA cyt-b gene
with length of 872 bp for the nematodes of 10 G. pal-
lida populations (Farcet, Bedale, Newton, Rookmaker,
Chavornay, P4A, P5A, Farcet c11305, Farcet c8906
and Farcet c12674) have been determined. Addition-
ally the data of the nucleotide sequence of the mtDNA
cyt-b gene published in the GenBank and totally repre-
senting 31 G. pallida populations from the Europe, 34
— the South America and 14 — the North America were
used for the subsequent analysis.

The study of these nucleotide sequences allowed
to reveal 40 haplotypes of the mtDNA cy#-b gene of
G. pallida determined by 220 polymorphic sites, whe-
reas 132 of them proved to be phylogenically informa-
tive (Table). The greatest quantity of haplotypes (23 of
40) with the high content of informative polymorphic
sites (144 of 200) has been found in G. pallida from the
region of its origin — the South America.

Among 40 revealed haplotypes of the mtDNA cyt-b
gene of G. pallida only one (Hap 1) was encountered
more frequently, namely — in 33 per cent of samples
from the nematode populations originated from the
Europe and North America. Seven more haplotypes
(Hap_12,Hap 13, Hap 21, Hap 25, Hap 28, Hap 30,
Hap 34) were typical for 2.5-7.6 per cent of popula-
tion. However, only one of them (Hap 12) was pre-
sented in the nematode populations at least in two
regions (the Europe and South America). Other 32 hap-

lotypes are registered in the single cases (1.27 per cent
of population).

The haplotypes of the nematodes from all over the
world have in common the following: predominance
in the nucleotide composition of pyrimidine nucleotide
of thymine (T (50.5 per cent) > G> A> C); an increase
in the fraction of the nucleotides pair of T + A from
the first to the third position of codon from 64.5 per
cent to 70.9 per cent and the advantageous use of seven
codons, which have 2-3 bases of thymine (48 per cent
of the total amount of codons). It is typical for other
species of the nematodes. Although, the mechanism of
such changes has been not accurately known yet, it is
assumed that the corresponding displacement in nucleo-
tide composition can occur as a result of the errors in
the replication (hyper-mutation, mutation displace-
ment, mutation pressure) and selection [35, 36].

The average haplotype diversity (h) for cyz-b gene of
G. pallida from the investigated populations was at the
level of 0.885 + 0.001, whereas the average nucleotide
diversity (m) proved to be ten-times below and equal
to 0.049 £ 0.000. Just as in the first case, it was the
largest for the nematodes from the South America (n =
=0.067 = 0.001) and smallest — for the North America
(m = 0.001 £+ 0.0002). This combination of the high
haplotype diversity against the background of low nu-
cleotide one gives an indirect evidence on the presence
of the closely-related haplotypes in the populations of
G. pallida, which have been come across expansion
recently.

The analysis of the mitochondrial cyt-b gene’s ge-
netic variety stated the negative value of the Tajima
test for the nematode populations from the Europe (D
=-2.47) and North America (D =-1.67), although only
for the populations of the Europe it was statistically
significant (P < 0,05). The similar result is obtained on
the Fu test (Fs =—1.07 and —2.29 respectively), which
can indicate the various mutation speed for the separate

G. pallida mtDNA cyt-b Gene Haplotypes Characteristic and Neutrality Tests' Values

. Haplotypes Polymorph} ¢ Sites Nucleotide Tajima Fu Test
. Populations | Haplotypes e Quantity R Test
Region . . Diversity, Diversity, © Value,
Quantity Quantity Value, D

h{41] total | informative [41] [38] Fs [42]

Europe 31 16 0.800 £ 0.006 | 89 21 0.010+0.000 | —2.47* | —1.88
North America 14 4 0.396 £ 0.025 3 0 0.001 £0.000 | —1.67 -2.29
South America 34 23 0.961 £ 0.000 | 200 144 0.067 = 0.000 0.07 241
Total 79 40 0.885+0.001 | 220 132 0.049 £ 0.000 | —0.95 1.07

Note. *P < 0.05.
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G.pallida Peru Ayacucho AY851631

G.pallida UK Newton
" G.pallida selected Farcet-c12674
G.pallida selected Farcet-c11305
G.pallida Belgium GQ294511
G.pallida Canada Newfoundland GQ294500
G.pallida USA Idaho GQ294505
G.pallida Canada Newfoundland GQ294495
G.pallida UK Farcet
G.pallida Canada Newfoundland GQ294499
G.pallida Netherlands Rookmaker
ii.pallida Switzerland Chavornay

G.pallida UK Bedale
G.pallida Belgium GQ294510
G.pallida France Chavornay GQ294507
G.pallida Canada Newfoundland GQ294503
G.pallida Canada Newfoundland GQ294493
I G.pallida selected Farcet-c8906
G.pallida Canada Newfoundland GQ294504
G.pallida Ukraine Zhornava AM409002
G.pallida Ukraine Uzhok AM409001
G.pallida UK England Halton AM409003 Ic

G.pallida USA Idaho HQ909338

G.pallida France Chavornay GQ294508
G.pallida Canada Newfoundland GQ294501
G.pallida UK SacrewellUKsac EF189189
G.pallida UK ShropshiretUKRes EF189188
G.pallida UK Scotland SouthScotlandUKec2 EF189187
G.pallida France SaintMaloS17B EF189186
G.pallida Portugal VilaRealP5701 EF189184
G.pallida France NoirmoutierNRous EF189183
G.pallida Netherlands CenterNLCe EF189182
G.pallida France ReCl117 EF189181

G.pallida France Chavornay GQ294509
G.pallida Canada Newfoundland GQ294502
G.pallida Switzerland Chavornay EF189180
G.pallida Canada Newfoundland GQ294494
G.pallida France ReBois EF189185
G.pallida Canada Newfoundland GQ294498
G.pallida Canada Newfoundland GQ294497
G.pallida France Chavornay GQ294506
G.pallida Canada Newfoundland GQ294496
G.pallida Peru Colca AY851648

G.pallida Netherlands NorthNLn EF189179
G.pallida UK Scotland Luffness AM409004
G.pallida France Quessant EF189178 b
G.pallida Peru Arapa AY 851640

G.pallida Peru Sicuani AY851639

G.pallida Peru Puno2 AY 851646

G.pallida UK Scotland Pal AM409005

G.pallida Peru Punol AY 851645

G.pallida Peru Amantanil AY851642 Ia
G.pallida Peru Amantani2 AY 851643

G.pallida Peru Amantani3 AY 851644

G.pallida Peru Juliaca AY851641

G.pallida Peru Puno3 AY 851647
G.pallida Peru Cajabamba AY 851622
G.pallida Peru Huancavelica AY851630
G.pallida Peru Jauja2 AY851628
G.pallida Peru Jaujal AY851627
G.pallida Peru Otuzco AY 851624
- G.pallida South America Pa5
G.pallida Peru Huancayo AY 851629

G.pallida Peru Huasahuasi AY851626
G.pallida Peru Cajamarca AY 851620
G.pallida Peru Huamachuco AY 851623
G.pallida Peru Huancabamba AY851617
G.pallida Peru Cutervo AY851618

G.pallida Peru Contumaza AY851621
G.pallida Peru Chota AY851619

G.pallida Peru Huaraz AY851625
G.pallida South America Pa4
G.pallida Peru Andahuaylas2 AY851633
G.pallida Peru Andahuaylas3 AY851634
G.pallida Peru Abancay AY851635

G.pallida Peru Andahuaylasl AY851632

G.pallida Peru Cuscol AY851636
G.pallida Peru Cusco2 AY 851637

G.pallida Peru Cusco3 AY 851638
G.rostochiensis EF193005

—— G.mexicana AY851616

II
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The phylogenetic tree representing the correlations between the G. pallida population samples based

on the cyt-b gene hyplotypes

AGRICULTURAL SCIENCE AND PRACTICE

Vol.1 No.2 2014



PYLYPENKO et al.

sites of marker or evidence either selection or species
expansion within the region [37, 38].

The greater part of the specified genetic diversity
of the mtDNA cyt-b gene of G. pallida was detected
within populations (82.3 per cent, P = 0.040). The varia-
bility between the G. pallida populations from various
regions (the Europe, North America, South America) —
17.9 per cent (P = 0.0001) is considerably less, but
proved to be statistically significant, whereas the dif-
ferences between the populations within these regions
were statistically insignificant.

On the basis of the phylogenetic analysis of the ob-
tained data the identity G. pallida from the populations
of Uzhok and Zhornava disseminated in Ukraine with
the representatives from 27 other European popula-
tions that together with 14 North American populations
form the independent subgroup (Ic) of clade I has been
proven (Figure). Two other clades are formed by the
populations of G. pallida from the South America only.
Thus, clade II covers the G. pallida populations from
the northern part of Peru, whereas clade I1I contains the
G. pallida populations from the central and southern
part of Peru.

As the result, it affords grounds to assert that G. pal-
lida from the populations extended in Ukraine is rather
a descendant of the nematode from the European popu-
lations, than the separate introduction from the region
of'its origin — the South America.

The above mentioned topology of the phylogenetic
tree remains subject to applying various algorithms of
data processing: the method of the nearest neighbor,
unweighted pair-grouping method with the arithmetical
averaging and the method of maximum parsinomy, that
indicates its high authenticity [40]. And although the
marker proved to be unfit for the artificially selected
nematodes’ virulence changes monitoring on various
sources of resistance, nevertheless, it makes possible to
distinguish populations with the prolonged history of
the virulence forming. It is confirmed with the extrac-
tion of several highly virulent populations among the
European ones, including PA1 and Luffness popula-
tions more identical with a number of G. pallida popu-
lations of the American origin (subgroup la and b of
clade I, respectively). The differences in the virulence
level of the nematodes from these G. pallida popula-
tions has been also established in our own studies on
biological test on the potatoes of five genotypes, which
have various sources of partial resistance to the ne-
matodes [26]. Taking into account mentioned above, it
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allows to assume that several introductions of G. pal-
lida occurred to the European part of the continent (in
contrast to the opinion of Plantard concerning only one
introduction [25]).

The established phylogenetic ties of the studied
G. pallida populations extended in the countries of
the Europe and in Ukraine, and also the probability of
several introductions to the region have been subse-
quently confirmed by the American scientists, who en-
larged the diagram of the studies covering the G. pal-
lida populations of Great Britain, Romania, the USA,
Canada, New Zealand, Chile and Argentina [41].

CONCLUSIONS

The phylogenetic analysis carried out on the basis
of the exploration of the nucleotide sequences of the
mitochondrial DNA cytochrome b gene of the G. pal-
lida showed almost complete identity of the nematodes
spread over the territories of Ukraine and countries of
the Europe. It confirms the hypothesis that the expan-
sion of G. pallida to Ukraine occurred precisely from
the territory of the adjacent European countries, where-
as the introduction from the South America to the Eu-
rope was, probably, repeated. The marker appeared to
be unfit for the nematode virulence monitoring.
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®dinoreneruyHi 38’°s13ku Globodera pallida,
BCTAHOBJICHI 32 MoJIiMOP(i3MOM reHa nuToxpoma b
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I'er muroxpoma b (cyt-b) mitoxonapiampaoi JTHK BHKO-
pPHUCTaHO IS TOCIiIKEHHS TeHEeTHYHOI MiHnmuBocTi G. pal-
lida 3 momynsami pi3HOTO TeorpadiuHOro MOXOMKEHHS Ta
ceNleKmii Ha KapToruti cTiikux reHoTtumiB. Meta. Bcra-
HOBHTH HYKJICOTHIHY MOCIITOBHICTE (hparMeHTa MiTOXOH/I-
piaspHOTO TeHa cyt-b ans 3’sacyBaHHS 1H()OPMATUBHOCTI
[IbOTO TeHETHYHOTO MapKepa Y BHBYECHHI BHYTPIIIHBOBUIIOBOT
TEeHETUYHOI PI3HOMAHITHOCTI Ta (piIOTeHeTHYHOT TOAI0HOCTI
HEMAaToA 3 BimiOpaHUX MOMYJAMiH Ta MOHITOPHHTY 3MiH
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CTymeHs iXHBOI BipyiaeHTHOCT. MeToau. Y MOJEKyISpHO-
TeHeTHYHUX NOCHiKeHHsX BukopuctoByBamm JIHK, excrpa-
TOBaHy 3 IHCT HemaTos. [TomiMepa3HO-JIaHITIOTOBY peakIlito
MPOBOIVIN 3a BHKOPUCTAHHS cHenu(iyHUX mpaiimepiB
INRAcytbL ta INRACytbR 3 HacTymHUM CEKBEHYBaHHSIM
MPOXYKTY amIuTi(ikariii. J[st omparioBaHHs i BUPIBHIOBAHHS
HYKJICOTHIHUX IOCIiOBHOCTEH 3aCTOCOBAHO IIPOrpaMHe
3abe3neuenns PhredPhrap, CONSED i Clustal W. Cra-
TUCTHYHY 00pOOKY TaHUX 3/1IHCHIOBAIH 32 IOTIOMOTOIO TIPO-
rpam MEGA-4, DNADIST nporpamuoro naketry PHYLIP
Ta Arlequin. ®inoreHeTHuHI nepeBa OymyBaiu 1 Bi3yamizy-
BaJIM, BHUKOpHCTOBytouH mporpamui maketn PHYLIP Ta
TREEVIEW. Pe3yabraru. OinoreHeTH4HuUi aHai3, mpose-
JICHUI HA OCHOBI HYKJICOTHIHHX IOCIIIOBHOCTCH (hparMeH-
Ta MITOXOH/IPIaJbHOTO I'eHa cyt-b 3aCBIUYMB Maike MOBHY
ineHTnuHicTh Hemaron G. pallida, nommupenux B YkpaiHi
Ta KpaiHax €Bpomnu. BcTaHOBIEHO HE3HAYHY TE€HETUUHY
TU(epeHIIiaIio Mixk BHOIPpKaMU JTOCITIHKYBAHUX TOYJISIIIIN
G. pallida 3a pparMeHTOM MITOXOHIPIAJBLHOTO TeHA Cyt-b
MOPIBHSHO /10 Takol Ha BHYTPIIIHBONOMYJISIIIHHOMY piBHI
(82,3 %; P < 0,05). Honymsiii G. pallida micns cenexiii
Ha TPbOX JDKEpesax CTIMKOCTI Oyl CXOXKHMH, aje He
IICHTHYHUMH, Ha 110 BKa3ylOTh 3MIHM YacTOT TallIOTHIIIB
mt/IHK BHacninok BigOopy, mpoTe MapKep BHSBHBCS HEIPH-
JIATHUM JUIs1 TIOBHOLIIHHOTO MOHITOPUHTY CTYTIEHSI BipYJIEHT-
HocTi HemaTo/1. BucHoBku. OnepkaHi JaHi MiATBEPIKYIOTh
rinoTesy, 3a sikoto ekcnancis G. pallida B Ykpainy BinOymnacs
came 3 TepuTopii CyCiJHIX €BpOICHCHKUX KpaiH, a He Oyia
OKpEeMOI0 IHTpOAyKIi€to BULy 3 [1iBIeHHOT AMEpHUKH.

KuarouoBi cioBa: Globodera pallida, miToxoHapianpHa
JHK, ren muroxpomMy b, hiToreHeTHYHIIA aHAai3.

®uiorenerndyeckue cBsizu Globodera pallida,
onpeeIeHHbIE 10 MOJIMMOPGU3MY FeHa IUTOXpoma b
muToxonapuanabHoii JTHK

JI. A. Tlununienxo, B. biiok, M. ®umnurc
e-mail: pylypenkol@mail.ru

WuctutyT 3amunTs! pactennit HAAH
Vn. BacunbkoBekast, 33, Kues, Ykpauna, 03022
The James Hutton Institute
Invergowrie, Dundee, Scotland, UK

T'er muToxpoma b (cyt-b) muroxonnpuamsaoii JTHK mc-
MOJTb30BAH JUISl UCCIIEJOBAaHUSI T€HETHYECKOH H3MEHYHBO-
ctiu G. pallida w3 monmymsAmuil pasHOTO TeorpaduIecKOro
MIPOUCXOXKICHUSI M CEJIEKIMH Ha KapTo(dene yCTOWIHMBBIX
reHoTurnos. Ilesb. YCTaHOBUTH HYKJICOTHIHYIO TTOCIIEI0BA-
TEJBHOCTH ()parMeHTa MUTOXOHAPHAIBHOTO TeHa cyt-b ams
BBIACHEHUS] HH()OPMATHBHOCTH 3TOTO TEHETUIECKOTO MapKe-
pa B M3y4CHNHU BHYTPHUBHUI0BOTO TEHETHYECKOTO Pa3HOO0pa-
30U U (PUIOTEHETHYECKOTO CXOJACTBAa HEMATOA M3 OTOOpaH-
HBIX TOMYJISIUA ¥ MOHUTOPUHTA M3MEHEHWH CTENEHU HX
BU-pyJIeHTHOCTH. MeToabl. B MONEKYISIpHO-TEHETUUECKUX
nccnenoBanusx ucnonb3osanu JJHK, skerparuposannyio us
et HemaTo. IlonnMepasHo-1IeTHYI0 PEaKUI0 MPOBOIMIH
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C MCTIONTB30BaHMEM crieriduyaeckux mpaiimepoB INRAcytbL
n INRAcytbR ¢ mocnmemyromum CeKBEHHpPOBaHHEM IIPO-
nykra amromadukamun. s o0paOboTKM M BBEIpaBHUBAHUS
HYKJICOTU/IHBIX IIOCJIEI0BATENbHOCTEH NPUMEHSIN MpOr-
pammuoe obecrieaenue PhredPhrap, CONSED u Clustal W.
CrarucTiueckyro 00paboTKy JTaHHBIX OCYIIECTBISUTH C HC-
nosnb3oBanueM mporpamm MEGA-4, DNADIST mnporpam-
mHoro makera PHYLIP u Arlequin. Iloctpoenue n Bu3zy-
In3aIuio GUIOTeHETHYECKUX AEPEBbEB BBIIOIHAIN C T10-
Mouipto mporpammHoro nakera PHYLIP u TREEVIEW.
Pesyabrarnl. UiIOreHeTHUECKUI aHAIN3, IPOBEICHHBII Ha
OCHOBE HYKJICOTHHBIX TOCIEI0BATEIBHOCTEH (parMeHTa
MHUTOXOHPHAJIBHOTO T'eHa cyt-b, MOKa3al MOYTH MOJHYIO
uAeHTHYHOCTh Hemaron G. pallida, pacnpoCTpaHEHHBIX B
Ykpaune u crpaHax EBpomnbl. YcTaHOBIEHAa HE3HAUUTEIb-
Hasi reHeTndeckast AnddepeHimanys Mex/1y BbIOOpKaMH H3y-
yaembIx nonynsuuit G. pallida no ¢parmeHTy MHTOXOH-
JIPUAIIHOTO TeHa cyf-b 10 CpaBHEHHIO C TaKOBOM Ha
BHYTPHUIONYJIAMOHHOM ypoBHE (82,3 %; P < 0,05). Ilo-
nynsuud G. pallida nociie celeKkiuy Ha TPeX MCTOYHUKAX
YCTOWYMBOCTH OBLIM MTOAOOHBIMH, HO HE MJICHTUYHBIMH, HA
YTO yKa3blBalOT M3MeHeHHs yactoT ramorunoB Mt IHK B
pesyiabrare 0TO0pa, OJJHAKO MapKep OKa3aycsi HEPUTOJHBIM
JUIsl TIOJTHOIICHHOTO MOHUTOPHHIA YPOBHSI BHUPYJIEHTHOCTH
Hemaro/. BuiBoabl. [lomyueHHbIe aHHBIE MOATBEPIKAAIOT
THIIOTE3Y, COIIAacCHO KoTopoi skcmancust G. pallida B Yk-
pavHy COCTOsUIaCh C TEPPUTOPUU COCEIHUX EBPONEHCKHUX
CTpaH, a He Obula OTIENBHOM MHTPOAYKIMEH BHIA M3
IOxHolt AMepuxu.

Karouessle cinoBa: Globodera pallida, MutoxoHIpuanpHas
JHK, res mutoxpoM-b, GUIIOTeHETHIECKIA aHATN3.
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