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The bioinformatic such and selection of existing putative sequences of plant
NHX Na+/H+ exchangers were conducted. By application of wide range of
bioinformatic tools and online services the comparative analysis and sequence
alignment of selected amino acid sequences of NHX transporters with additional
confirmation of domain architecture were performed. As result of this study the
phylogenetic diversity of NHX family was summarized. After secondary analysis of
full sequences of putative NHX Na+/H+ exchangers the 403 amino acid sequences
of those transporters from different plant species were selected. According to
cladistical analysis of selected NHX transporter sequences these proteins are
distributed between 4 different clades. 3 clades from 4 belong to the type 11 NHX
transporters and 1 to the type Il of Na+/H+ exchangers. The cladistical analysis
and further classification of NHX horologes indicate the mismatching of database
NHX transporters given names to the clade and group which they have belonged.
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The influence of various abiotic stress may affect and significantly inhibit the
plant growth, development and productivity. The main types of this kind of stress
are salinity, drought and high or low temperatures. It worth to note, that salt stress is
one of the most important environmental factors that can significantly reduce yields
of crops worldwide [1]. In order to grow crops on degraded or marginal lands the
urgent need for world agriculture and other economical areas is to improve the salt
tolerance of plants by molecular breeding or transgenic technology [1]. Salt stress
leads to inhibition or complete disruption of plant water uptake by roots and to
significant changes in key metabolic reactions in cell due to osmotic stress and toxic
concentrations of sodium ions in the cytosol [2, 3]. In order to minimize the

negative impact of high salt concentrations the plants employ several mechanisms
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[3]. In particular, the plants are able to remove toxic sodium ions by sequestration
into vacuole or outside the cell through the plasma membrane [3, 4]. The removal of
cytotoxic sodium ions is mediated by work of proton-sodium (Na*/H") antiporters.
The genome of Arabidopsis thaliana encodes more than 40 different types of
Na/H" antiporters [5, 6]. The Na*/H" antiporters are divided into three families
SPA1L or NHX, NhaD and CPA2 (CHX and KEA) [7].

The first plant transport proteins of NHX family were described as tonoplast
transporters involved in vacuolar deposition of Na* from cytosol. It has been shown
for many plant species that NHX transporte3rs are mane determinants of plant salt
tolerance [4, 8, 9, 10]. The NHX family of Na'/H" exchangers NHX is divided into
two main types (see. Table. 1) [11]. First type of transporters are similar to SOS1
(Salt overlay sensitive 1) proteins with plasma membrane localization. They had
evolved into functional transport proteins independently from other NHX
transporters [12]. The NHX transporters of the type | could play an important role in
the Na “transport over long distances, particularly in retranslocation of this toxic ion
from the stem to the roots [13]. The AtNHX7/SOS1 transporter from Araboidopsis
thaliana is homologue of yeast NHA1 Na'/H" antiporter, which localized in the
plasma membrane. AtNHX8 is phylogeneticaly close to AtNHX7/SOS1, but
functions of this transport proteins are still not completely understood. Howeuver,
there are some experimental data suggest that this transport protein is involved in
toxic Li* removal from cell (see. Table. 1) [14].

The Na*/H" antiporters of type Il or “true” NHX transporters, also divided into
two classes (see. Table. 1). The class 1 includes NHX isoforms of A thaliana
(AtNHX1-4), with strong vacuolar localization [15, 16]. However NHX proteins
belonging to the class 2, namely AtNHX5-6, exhibit endosomal localization in cells
[16, 17]. The first plant NHX transporter - AtNHX1, was identified by its sequence
similarity to the yeast SSNHX1 [18] (see. Table. 1). This protein has vacuolar
localization. It is responsible for the transport of K™ and Na" sodium into vacuoles

[19]. Elevation of gene expression level of this transporter leads to improvement of



salt tolerance of plants [20]. The functional studies of the class Il antiporters were
conducted only for A. thaliana AtNHX5-6 and tomato LeNHX2 [11, 21].

NHX transporters play an important role in many important cellular and
physiological processes. They are responsible for cellular pH regulation, vesicular
traffic, cellular elongation and plant development in general [17, 22]. The main role
of most NHX, which have been so far, identified are Na™ transport and accumulation
in vacuoles or in other cellular compartments under conditions of salt stress, for the
minimizing of toxic effects of this ion in cell metabolism. [4]. Under normal
conditions, the low concentration of Na® in the cytosol, NHX antiporters are
responsible for transport of K* into vacuoles or other membrane cellular
compartments. Thus they help to maintain the ion homeostasis and cell elongation
[23, 24, 25] (see. Table. 1). Despite that, exist some exceptions from the rule, when
NHX antiporter mediate transport of Na" from the vacuole into the cytoplasm [25].

Over the last decade the large number of NHX homologs has been identified in
different plant species [4]. Unfortunately, for the many of them the functions and

their phylogenetic position remain unknown.

1. The main physiological and functional features of  Na'/H"
exchangers of NHX family Arabidopsis thaliana
Type | Classc Protein Reference Cellular Functions Reference
number TAIR localisation
AtNHX7/ Plasma Na+/Li+ removal
I SOS1 At2901980 membrane from cell 14
AtNHX8 At1g14660 Plasma Li+ removal from 14
membrane cell
Vacuolar Na+/K+
AtNHX1 At5g27150 sequestration into | 11, 15, 20
tonoplast
vacule
Vacuolar Nat+/K+
AtNHX2 At3g05030 sequestration into 15
tonoplast
I 1 vacule
AINHX3 At5G55470 Vacuolar K+_sequestrat|on o5
tonoplast into vacule
Vacuolar Na+ transport
AtNHX4 At3g06370 tonoblast from vacuole to 25
P cytosol
Mewmpanu Na+/K+ transport
AtNHX5 At1g54370 CHIIOCOM 10 endosomes 16,17
Mewmpanu Na+/K+ transport
AtNHX6 At1g79610 €HI0COM to endosomes 21




The aim of study - selection and classification of known NHX transporters
sequences. Verification of these sequences by secondary check of domain
architecture of these transport proteins. Conducting multiple sequence alignment
and phylogenetic tree construction.

Material and methods. The search of NHX Na'/H" exchangers plant
homologs were performed by keywords and on the basis of BLASTp-scanning
database UniProtKB (http://www.uniprot.org/, SIB BLAST Network Service) with
restriction only for plants and GenBank (www.blast .ncbi.nlm.nih.gov) [26, 27]. The
search of plant homologs was carried out by algorithm BLASTp with
«Viridiplantae» group restriction and application of the following parameters:
weight matrix - BLOSUMG62, the number of matches in the expected random sample

of threshold E = 10, with the active filtering of low-konstructed sites and aligned
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fragments containing haps [26, 27, 28]. The primary sequence selection of

AtNHX4
ABO154TY
i__l Gene ID: 818811

AtNHX3
Acli1623
Gene |D: B35640

AtNHXT

3 o At2g01880
AtNHXG g o = ¥
AAMOB407.1

AtNHXS5 i
Arig54370

Fig.1. The cladistical analysis results of consolidated group of putative plant
NHX sodium- proton exchangers. Notes: selected representatives of the NHX

transporters from A. thaliana are marked, cladistical algorithm - neighbor-joining
method (NJ).



2. Classification of NHX Na'/H" antiporters homologues of Araboidopsis

thaliana
Type 1l Type |
Organism / Clade 1 Clade 2 Clade 3 Clade 4
Clade / Type group 4 grolup group 2 gro?’up group 5 gr%up group 7 grgup
1 2 3 4 5 6 7 8 9
Homo sapiens HsNHEG6 HsNHE1
HsNHE7 HsNHE?2
HsSNHE3
Saccharomices ScNHX1
cerevisiae
Arabidopsis AINHX | AtNH | AtNHX | AtNHX | AINHX | AtNHX6 | AtINHX | AtNHX
thaliana 4 X1 2 3 5 7 8
Aegilops tauschii | AtNHX2
AtNHX?2
Aeluropus AINHX1
lagopoides
Aeluropus AINHX1
littoralis
Amborella AtNHX1 AtNHX | AtNHX6 AtNHX8
trichopoda AINHX1 4
Arabidopsis AINHX4 | AINHX [ AINHX | AINHX | AINHX5 | AINHX6 | AINHX
lurata 1 2 3 7
AINHX
2
Arabis alpina AaNHX | AaNHX6 |AaNHX
6 7
Arachis AhNHX
hypogaea 1
Atriplex AdNH
dimorphostegia X1
Atriplex gmelini AgNH
X1
Atriplex halimus AhNH
X1
Atriplex patens ApNH
X1
Beta vulgaris BvNH | BYNHX | BYNHX BVNHX
X1 4 6 8
Boechera BINHX
laevigata 7
Boechera stricta BsNHX
7
Brachypodium BANHX BANHX | BANHX
distachyon 2 4 6
BdANHX
2
BdANHX
2
Brassica napus | BnANHX | BhNH BnNHX Bna- BnNHX




3 X 4 C0693997 |7
BnNH oD
X2 BnNNHX6
BnNH BnNHX6
X1 BnNNHX6
BnNH
X1
BnNH
X2
Brassica rapa BrNHX3 | BrNHX BrNHX BrNHX6 | BoNHX
2 4 BrNHX6 |7
BrNHX
BrNHX
1
Brassica BoNHX6
oleracea
Bruguiera BgNHX
gymnorhiza 7
Camelina sativa | CSNHX3 | CsSNHX | CsNHX | CsNHX | CsNHX5 | CsNHX6 | CsNHX
1 2 4 CsNHX5 7
CsNHX
2
Capsella rubella | CrNHX4 | CrNHX | CrNHX | CrNHX | CrNHX5 CrNHX
1 2 3 CrNHX5 7
Cardamine ChNHX
hirsuta 7
Chalcanthus CrNHX
renifolius 7
Chenopodium CgNHX
quinoa 7
Chrysanthemum | CmNHX
x morifolium 1
Cichorium CiNHX1
intybus
Cicer arietinum CaNHX CaNHX
6 7
CaNHX
6
Citrus CcNHX CcNHX | CcNHX
clementina 1 1 4
CcNHX
2
Citrus sinensis CsNHX1 CsNHX | CsNHX6 CsNHX
CsNHX2 4 CsNHX6 7
CsNHX2
Citrus reticulata CrNHX
1
Citrus trifoliata CtNHX
1
Citrus x paradisi CpNH
X1
Cochlearia ChNH ChNHX




hollandica X1 7
Coffea CcNHX CcNHX
canephora 1 4
Cucumis melo CmNH CmNHX
X4 8
Cucumis sativus | CSNHX2 CsNHX | CcNHX CsNHX8
4 6
Cymodocea CnNHX
nodosa 8
Diplachne fusca | DANHX
1
Elaeis EgNHX EgNHX | EgNHX | EQNHX6 EgNHX
guineensis 2 4 6 8
EgNHX
2
Eucalyptus EgNHX EgNHX | EgNHX EgNHX
grandis 3 4 6 8
EgNHX 1044457 EgNHX
2 88 8
Eutrema ESNHX4 | ESNHX | ESNHX | ESNHX | ESNHX5 | ESNHX6 | ESNHX
salsugineum 1 2 3 ESNHX6 7
Eutrema EhNH EhNHX
halophilum X1 7
Eutrema EhNHX
heterophyllum 7
Erythranthe EgNHX | EgNHX
guttata 4 6
EgNHX
6
Festuca FaNHX1
arundinacea
Fragaria vesca | FVNNH FVYNHX FVNHX8
X2 4
FVNHX
4
FVNHX2
Genlisea aurea GaNHX
4
Glehnia GINHX1
littoralis
Glycine max GmNHX GmNH | GmNHX GmNHX
1 X4 6 8
GmNHX GmNHX
1 6
GmNHX
6
Glycine soja GsNHX GsNHX
6 7
Gossypium GrNHX3 GrNHX | GrNHX6 GrNHX8
raimondii GrNHX1 4 GrNHX6

GrNHX1




Gossypium GhNHX
hirsutum 1
Gossypiumar GsNHX
boreum 6
Halostachys HcNH
caspica X1
Helianthus HtNHX1 HtNHX7
tuberosus
Hordeum HbNHX
brevisubulatum |1
Hordeum HVNHX HVNHX | HYNHX | HYNHX6
vulgare 3 4 4
HVNHX HVNHX
1 4
HVNHX
2
Hesperis HmNH
matronalis X7
Ipomoea batatas | IDONHX1
Ipomoea nil INNHX1
INNHX1
Ipomoea tricolor | ItNHX1
ItNHX1
Iris lactea [INHX2
[INHX2
Jatropha curcas | JCNHX3 JCNHX | JcNHX6 JCNHX8
JCNHX2 4 JCNHX6
Kalidium KfNHX
oliatum 1
Kosteletzkya KVNHX
virginica 7
Lilium LtNHX1
tenuifolium
Limonium LgNHX LgNHX
gmelinii 1 8
Lolium perenne | LpNHX
1
Lophopyrum LeNHX1
elongatum LeNHX2
Malus domestica | MANHX MdNH | MdNHX MdNHX
2 X4 6 8
MdNHX
1
Malus zumi MzNHX
1
Mesembryanthe McNH McNHX McNHX
mum X1 6 7
crystallinum
Medicago sativa MsNHX
4
Medicago MtNHX | MtNHX
truncatula 1 6




MtNHX

6
Medicago MFfNHX
falcata 1
Morus notabilis | MNNHX MnNH MnNHX
2 X4 7
MnNHX
1
Musa acuminata | MaNHX MaNH | MaNHX | MaNHX6 1039947
2 X4 6 80
MaNHX
2
MaNHX
2
Nelumbo NNnNHX NNNHX | NnNHX 1046110
nucifera 1 4 6 75
1045889
31
Nicotiana NbNHX
benthamiana 1
Nicotiana NtNHX1 NtNHX | NtNHX6
tomentosiformis | NtNHX2 4
NtNHX2
1041187
55
Nicotiana NsNHX NSNHX | NsNHX NsNHX
sylvestris 2 4 6 8
NsNHX NsNHX
1 4
NsNHX
1
Nierembergia NcNHX
caerulea 1
Nitraria NtNHX NtNHX
tangutorum 1
Olimarabidopsis OpNH
pumila X1
OpNH
X2
Oryza ObNHX ObNHX | ObNHX6 ObNHX
brachyantha 2 6 7
ObNHX
2
ObNHX
2
Oryza coarctata | OcNHX
1
Oryza sativa OsNHX
Indica 1




Continuation of table 2

1 2 4 5 6 7 8 9
Oryza sativa OsNHX OsNHX | OsNHX OsNHX
Japonica 1 4 6 7
OsNHX
2
OsNHX
2
OsNHX
3
OsNHX
2
Oxybasis glauca OgNH
X1
Petunia x PhNHX1
hybrida
Phaseolus PVNHX1 PVNHX | PvNHX6
vulgaris PVNHX1 4
Phoenix PANHX2 PANHX | PANHX6 | PANHX6 PANHX8
dactylifera PANHX2 4
Phragmites PaNHX1 PaNHX7
australis PaNHX2
Phyllostachys PeNHX1
edulis
Picea sitchensis | PsSNHX4 PsSNHX6
Populus PeNHX1 PeNHX6 PeNHX8
euphratica PeNHX2
PeNHX?2
Populus PtNHX1 PtNHX6
tomentosa
Populus PtNHX1 PtNHX6 PtNHX7
trichocarpa PtNHX2 PtMHX8
PtNHX1
Prunus persica | PpPNHX1 PpNHX PpNHX8
PpNHX1 4
Prunus mume PmNHX PmNH | PmNHX PmNHX
1 X4 6 8
Puccinellia PtNHX1
tenuiflora
Pyrus betulifolia | PONHX1
PbNHX1
Pyrus PuNHX1
ussuriensis
Pyrus x PbNHX2 PbNHX | PONHX6 1039432
bretschneideri 4 71
PbNHX
4
PbNHX
4
PbNHX
4
Reaumuria RtNHX7




trigyna

Ricinus RcNHX RcNHX RcNHX
communis 3 4 8
RcNHX
1
Rosa hybrid RhNHX
1
Rosa rugosa RrNHX1
Sesamum SINHX1 SINHX | SINHX6 SINHX8
indicum 4 SINHX6
SINHX
4
Salicornia SbNHX
bigelovii 1
Salicornia SbNHX
brachiata 1
Salicornia SeNHX
europaea 1
Salicornia SANHX8
dolichostachya
Salsola SKNHX
komarovii 1
Setaria italica SINHX2 SINHX | SINHX6
SINHX2 4
SINHX2
Sesuvium SVNHX SpNHX7
portulacastrum 1
Schrenkiella SpNHX
parvula 7
Solanum SINHX3 SINHX | SINHX6 StNHX8
lycopersicum 4
SINHX
4
Solanum StNHX2 StNHX | SINHX6 StNHX7
tuberosum 4
Sorghum bicolor | SONHX2 SbNHX SbNHX7
SbNHX3 4
Spinacia SoNHX7
oleracea
Suaeda ScNHX
corniculata 1
Suaeda japonica SJNHX SJNHX8
1
Suaeda pruinosa SpNHX
1
Suaeda salsa SSNHX8
Tarenaya ThNHX ThNHX | ThNHX ThNHX6 | ThNHX
hassleriana 3 2 4 7
Theobroma TcNHX1 TcNHX | TcNHX6 TcNHX7
cacao TcNHX1 3
Thellungiella ThNH ThNHX
halophila X1 5




ThNH
X1

Thinopyrum TeNHX1
elongatum TeNHX2
Thinopyrum TINHX1
intermedium TINHX
Triticum TaNHX1 TaNHX
aestivum TaNHX1 1
TaNHX2 TaNHX
1
Triticum urartu | TUNHX
2
Tetragonia TtNHX
tetragonioides 1
TINHX
1
Turritis glabra TgNHX
7
Vitis vinifera VVNHX VVNHX | VVNHX VVNHX
1 4 6 8
VVNHX
2
Vigna radiata VINHX1
Vigna VINHX1
unguiculata
Zea mays ZMmMNHX ZMNH | ZmNHX | ZmNHX6
2 X4 6
ZMNHX ZMmNHX
1 5
ZmNHX
4
ZmNHX
1
ZmNHX
2
ZmNHX
3
ZmNHX
5

plant homologs was performed by the weight alignment and identity values in

percentage of similarity and availability haps [26].

The potential

protein specificity was estimated by analyzing domain

architecture using SMART?7 network tool (www.smart.embl-heidelberg.de) [28].

Multiple alignment of amino acid sequences was performed using ClustalX

(2.0.5) (www.clustal.org) using a series of BLOSSUM matrixes, cladistical analysis

of NHX Na'/H" exchangers conducted by neighbor-joining method [29, 30].
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Visualization and analysis of phylogenetic trees was performed using
Dendroscope 3.2.8 and MEGADS programs [31, 32].

Results and discussion. Initially, the bioinformatic selection of full amino acid
sequences of NHX transporters from A. thaliana using UniProtKB databases and
GenBank were performed. The further BLASTp search of other plant homologs in
UniProtKB and GenBank databases was performed against the complete amino
acid sequences with additional check of the catalytic domain Na’/H" antiporters
(SMART- Na_H_Exchanger: PF00999). The cases of multiple depositions were
determined by comparing the gene loci coordinates of corresponding proteins.

In order to limit the size range of selected sequences the additional analysis of
domain architecture were performed. The sequences with Na*/H™ antiporter domain
were selected. The analysis was conducted by SMART tool with employment of
additional scripts from other databases. As a result of sequences selection sequences
the 403 proteins containing functional domain defined by HMM-profile were
chosen.

The results of our multiple alignment of 403 NHX sequences exhibit high
heterogeneity degree of selected Na*/H" antiporter homologues but clear conserved
motifs allocation of the this group catalytic domain.

Despite of high level of heterogeneity within the selected group, the results of
neighbor-joining method of clustering NHX transporters complete amino acid frome
A. thaliana and other plant homologs indicate the existence of common clades,
which may indicate their evolutionary closeness. It was shown that all selected
putative sequences of Na'/H * antiporters form four clades (Fig. 1). The first clade
comprises reference NHX transporter - AtNHX1 and two other members of this
family - AtNHX2 and AtNHX4. Additionaly, this clade includes 219 homologs
from different plans species of this type (Fig. 1) (see. Table. 2). It worth to note that
cladistical analysis of NHX transporter revealed the existence of a small new clade
comprising reference protein - AtNHX3 of A. thaliana. According to the results of
our analysis, the appearance of novel NHX clade included AtNHX3 was shown for

the first time. As was noted earlier, unlike other NHX transporters of Type Il the



AtNHX3 provides import Na* from the vacuole to the cytosol. Perhaps this
functional difference is the key element of appearance separate clade comprising
AtNHX3 like Na'/H" antiporters (Fig. 1) (see. Table. 1, 2) [25]. According to our
study to this clade belong 58 known putative NHX3 plant homologues. The third
clade includes the NHX homologues of AtNHX5 and AtNHX6 belonging to Type Il
of Na*/H" antiporters. Unlike other NHX transporters the Na*/H" antiporters of this
clade from A. thaliana have endosomal localization and play important role in
intracellular trafficking (Fig. 1) (see. Table. 1, 2) [21]. It should be noted, that in
addition to 81 plant homolog belonging to this clade, the yeast SCNHX1 and human
HSNHE6 and HsSNHE7 connected to this group by separate branches. This
phylogenetic closeness of these transport proteins from yeast and human
homologues with plant homologues is one of possible evidence of early
evolutionary functionalization of this protein group (Fig. 1) (see. Table. 2).

To the last fourth clade of NHX transporters belong the group of Na'/H *
antiporters of type | with high homology to AtNHX7/SOS1 and AtNHX8. This
clade comprises the 28 known plant proteins of NHX family. Moreover, the NHX
transporters of this clade have high level of homology to human HSNHE1, HsNHE2
and HsNHE3.

It should be noted that by contrast with NHX transporters of other clades the
transport proteins of fourth clade, particularly AtNHX7 / SOS1 and AtNHXS,
exhibit the differences in cellular and physiological functions. These Na'/H"
antiporters are responsible for removal of excess of Na* and Li* from the cell and
retrainslocation these toxic ions from the stem and photosynthetic tissues to the root
(Fig. 1) ( See. Table. 1, 2).

Conclusions
1. The selection and classification of 403 putative NHX Na'/H" antiporters

unigue sequences the mismatches of database annotated names of these transport
proteins with the group to which they belong were revealed. The high level of
annotated name mismatches were observed for the proteins belonging to clade I. For
other clades the mismatches of annotated names with protein group were detected

also.



2. The result of multiple alignment indicates a high degree of sequence
divergence among potential Na*/H" antiporters of NHX family.

3. The cladistical analysis exhibits existence of 4 different clades comprising
NHX - like sequences with clear features and united with more studied referent
proteins from A. thaliana.

4. The one of result of cladistical analysis is emergence of a new clade (clade
3) comprising AtNHX3 from A. thaliana and its homologues.

5. The results revealed the need to make our detailed systematization and
assigning appropriate and correct names of potential NHX conveyors.

6. Despite of the distribution of Na’/H * antiporters into 4 different homology
groups, the physiological and cellular functions of these transport proteins might be
different.
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AHAJII3 OPIVIOTEHETUYHOI'O PI3BHOMAHITTSA
INPOTOHHO-HATPIEBUX OBMIHHUKIB POAUHU NHX
POC/IMHHOT O ITOXO/°KEHHASA

C. B. Icaenkos, /1. O. CamodasioBa

byno nposeodeno bioinopmamuunuti noutyx ma 8i00ip HAAGHUX NOMEHYIUHUX
nociuioosHocmeti npomonHo-Hampicsux oominnuxie poounu NHX, wo nanexcamo
POCIUHHUM OP2AHIZMAM. 3a 0ONOMO2010 HU3KU CNeyianizoeanux 0ioiHgopmayitiHux
npoepam ma OH-NAUH Cepeicié NPoBedeHO NOPIGHANbHUL AHANI3 MAd MHOMCUHHE
BUDIBHIOBAHHA  BI0IOPAHUX NOBHUX amiHOKuciomuux nocaioosnocmeit NHX-
mpaHcnopmepis 3 YMOUHEHHAM OOMeHHOI apximexkmypu. B nacnioox npoeedenoi
pobomu 6yno yzazanvheno Qinocenemuune pizsnomanimms poounu NHX. Ilicaa
8MOPUHHO20 AHANI3Y NOBHUX NOCAI008HOCHEN NOMEHYIUHUX NPOMOHHO-HAMPIEBUX
oominnukie poounu NHX, oyro eidiopano 403 aminoxuciomui nociioogHocmi yux
MPAHCNOPMHUX Npomeinié 3 pisHux 6udie pociun. Kraoucmuunuti ananiz
gidiopanux nocnioosnocmeti NHX mpancnopmepis exasye na icnysanus 4 xnao. 3
knaou Hanexcamv 0o NHX mpancnopmepiec muny I, a 1 knada micmums
NPOMOHHO-Hampiesux oominnuxu muny I. B Xx00i nposedenHs KIaOUCMUYHO2O
ananizy ma nooanvwioi kaacugikayii 0yno eussieHo Hecnienadinnsa naze NHX
mpauncnopmepis y 6a3ax 0aHux i3 Mmunom Kiaou ma cpynu 3 MapKepHum munom, 00
AK020 Yi NPOMOHHI OOMIHHUKU HALEeHCAmb HACNPAasoi.

Knwuosi cnoea. npomomnno-nampicsi  oominnuxu  poounu  NHX,
@yHKYioHaANbHEe PIZHOMAHIMMSL, KIAOUCMUYHUL AHALI3, (hiloceHemuyHe 0epeso

AHAJIN3 OUWJIOT'EHETHYECKOKI'O PASHOOBPA3USA ITPOTOHHO-
HATPUEBBIX OBMEHHUKOB CEMEMCTBA NHX PACTUTEJIbHOI'O
NPOUCXOXKIEHUA

C. B. Ucaenkos, /1. O. CamogdasioBa

bvin nposeden obuoungpopmamuyeckuti nouck u omooOp Cywjecmeyroujux
NOMEHYUATIbHBLIX — NOCAE008AMENbHOCIEN  NPOMOHHO-HAMPUEBLIX — 0OMEHHUKOB
cemericmea NHX, komopvlie npunaonescam pacmumenvuvim opeanuzmam. C



HOMOWBIO PAOA CNeYUATUIUPOBAHHBIX OUOUHDOPMAMUYLECKUX NPOSPAMM U OH-TIALH
cepBuco8 Ovlil NPOBeOeH CPABHUMENbHBIN AHAIU3Z U MHONCECTBEHHOE GbIPABHUBAHUE
noanvlx  amunokucromuwvix NHX-mpauncnopmepos ¢ ymounenuem OomernHoti
apxumexmypuol. Bcnedcmeue npooenannoi pabomsl 006006ujeno guiocenemuiexoe
pasnoobpasue mparcnopmepos cemeticmea NHX. [locie emopuunoco awnanuza
noMHbIX — nociedosamenvrHocmell  oviio  omoobpano 403 amunoxucrommwix
noC1e008amenbHOCMU  dMUX  MPAHCNOPMHBIX NPOMEUHO8 U3  PA3HBIX  BUO08
pacmenuti. Koaoucmuueckuii ananuz omoopanuvix nociedosamenvrocmeti NHX
Mpancnopmepos nokaszvieaem cywecmeoganue 4-xnad. 3 kiaovl npunHaoiexiscam K
NHX mpancnopmepam muna 11, a 1 knaoa exniouaem 6 cebs npomouHo-Hampuesvie
oomennuxu muna I. B xo0e nposedenus kiaducmuiekoeo aHaiuza u oanivHeuuiel
Knaccuguxayuu  O6vi10  00HapysceHo  Hecoomeemcmeue — Hazeanuti  NHX
Mpancnopmepos 8 6a3ax OAHHLIX ¢ MUNOM KIAObl U SPYNNbL C MAPKEPHBIM MUNOM,
K KOMOpOMY 5mu NpOMOHHO-HAmMpuesvie 0OMEeHHUKU NPUHAONeHcam HA CAMOM
oeie.

Knwuesvie cnosa. npomonno-nampuesvie odmemennuxu cimericmea NHX,
QYHKYUOHAILHOE pa3HOOOpa3ue, KIAOUCTMUYECKUNl aHAIU3, QuioceHemuiecKoe
oepeso



