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The barley genes Rpg5, RGAI and Adf3, which provide
a strong resistance to many pathotypes of stem rust, were
cloned a few years ago, but it was still unclear whether
their homologues were represented in wheat and in related
species. The paper describes the results of a bioinformatic
research to determine the homologues of Rpg5, RGAI and
Adf3 in the genomes of Triticum aestivum and several wild
grasses, which breeders usually use as sources of stem rust
resistance, and which are available in the genome databas-
es. It was found that the Th. elongatum sequence Q9FEC6
and T. aestivum sequence Q43655 were the high identi-
cal homologues of the Adf3 sequence. T. urartu M8EA999
sequence and T. aestivum WS5FCUI sequence were found
to be the closest homologues of Rpg5 complete protein se-
quence, but the identity of their kinase domains were not
as clear as that of the other domains. The separate Rpg5
kinase part analysis did not provide the strong evidences that
its orthologs were presented in our corn species. T. urartu
M777ZX9 sequence and T. aestivum W5FFPO and W5FI33
sequences were showed to be the homologues of RGAI. The
analysis of the predicted active sites allowed finding out the
difference between sequences of Rpg5, RGAI, Adf3 protein
and their homologues.

Keywords: stem rust (Puccinia graminis), stem rust resis-
tance genes, barley (Hordeum vulgare), homologous genes.

Introduction. Puccinia graminis is a biotrophic fun-
gus that causes a disease called stem rust and is one
of the most devastating parasites of such cultural
crops as wheat, barley and rye. Like its related spe-
cies — Puccinia stritiformis and Puccinia recondite,
it can lead to a significant loss of yield of above
mentioned crops during the mass epiphytoties. Its
race Ug99, subspecies Puccinia graminis f. sp. tritici,
has become a major threat to wheat production in
Africa and West Asia, and the resistance genes that
can protect the vulnerable cultures from the stem
rust are the main subjects of the research which
many institutions provide in this area [1].

Today we know three genes from Hordeum vul-
gare that have been cloned. Together they provide
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resistance to Ug99. They are Adf3, Rpg5, RGAI
[2]. The description of each gene and their protein
products is presented below.

Rpg5 gene has a length of ~ 8.5 kb and consists
of seven exons which encode the protein product
with a length of ~ 1.38-AA. The protein consists of
three domains: NB — nucleotide-binding domain;
LRR — domain with leucine rich repeats; PK —
protein kinase domain [3]. The kinase part of the
Rpg5 protein has a predicted dual serine/threonine
(Ser/Thr) motif and possibly a tyrosine activity [2].
Ser/Thr kinases are involved in many processes in
the cell, including a participation in the signaling
pathways of immunity. More details are required
to describe the main features of this domain and
its protein family. In the catalytic domain of plant
Ser/Thr PK 11 major conservative subdomains are
distinguished. The subdomain VI may contain the
consensus sequence DLRAAN or DLAARN that
indicates tyrosine specificity, whereas consensus
DLKPEN is an indicator of Ser/Thr specificity.
It was shown that subdomain VIII may contain
a conservative tyrosine specific consensus PI/VK/
RWT/MAPE and a less conservative Ser/ThrGT/
SXXY/FXAPE. The consensus CW (X) 6RPXF
in a subdomain XI is a feature of a tyrosine Kki-
nase. The investigation of all predicted Arabidopsis
thaliana kinases has revealed their Ser/Thr and Tyr
specificities and has left a question about the exis-
tence of the kinases that could fulfill exclusively a
phosphorylation of Tyr [4].

Rpg5 amino acid sequence contains a predicted
NB (nucleotide binding) domain. The NB domain
is a typical constituent of many discovered recep-
tor proteins that provides resistance to different
diseases [5]. The type of proteins containing this
domain includes a family of NTPases (STAND sig-
nal transduction ATPases with numerous domains).
The STAND proteins could function like molecular
switches in the signal defense pathways. The spatial
reconstruction of the R proteins with NB domains
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(of TNLs and CNL classes) confirms the suggestion
that this domain has three subdomains: NB, ARCI
and ARC2 (the quantity of ARC subdomains in
certain cases can vary) [28]. The major part of the
conserved patterns lies on a surface of these three
subdomains. The motif of P-loop (GVGKTT), the
motif of anchor region, the motif MHDYV (espe-
cially the His residue), the motif GLPL and ATP
site are parts of the catalytic center. It is consid-
ered that ATP hydrolysis lead to the conformational
changes of the R protein and such changes affected
the downstream signals [6, 7].

The LRR (leucine rich repeats) domain par-
ticipates in the protein-ligand interactions. This
domain was found in the many types of prokary-
otic, eukaryotic and virus proteins, especially in
hormone receptors, inhibitors of the ferments and
immune receptors of plants and animals. Several
articles report that LRR proteins not only take part
in the early stages of development of mammals,
including the development of the nervous system,
in the regulation of gene expression but also play
an important role in the apoptosis signaling and
cytoskeleton dynamics. Generally this domain con-
sists of a certain number of repeats the quantity of
which can vary. The length of one repeat is 20—29
residues, 11 of which are conserved. The consensus
sequence LxxLxLxxN/CxL in the non-conserved
positions marked as x, can contain any amino acid,
while in the conserved positions marked with letter
L can contain leucine as well as valine, isoleucine
or phenylalanine residues. Also it should be noted
that the different organisms have the different con-
sensus sequences of LRR repeats. The plants' LRR
proteins is believed to have the consensus sequence
LxxLxLxxNxL(t/s)GxIPxxLGxx [8, 9].

RGAI gene has a length of 4,115 bp; the length
of its protein product is 895-AA. The protein has a
typical plant immunity receptor proteins structure -
it consists of the predicted NB and LRR domains. It
seems that these domains are similar to those of this
protein family, but analysis of RGA1 NB domain
did not reveal its close homologues [10].

Adf3 gene has a length of 634 bp, and its pro-
tein product has 144-AA. The gene belongs to an
actin depolymerization (ADF) factor family. It is
believed that ADF proteins together with other
actin-related proteins regulate actin filament dy-
namics that lead to cytoskeleton reorganization
[10]. Recent researches have confirmed finally the
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significant role of ADF/cofilin protein family in
the immune response and have proposed the pos-
sible mechanisms of the resistance of plants to the
pathogenic organisms. One of the assumptions is
that A. thaliana gene A DF4 is involved in resistance
against Pseudomonas syringae DC3000, and perhaps
the product of this gene is a target of P. syringae
factor AvrPphB. The investigations prove that there
is a significant decrease in the expression of RPS5
(the protein product of another resistance gene)
in plants with the mutated gene ADF4. Perhaps
ADF4 takes part in the signal delivery to a nucleus
that activates the expression of RPS5. Importan9
and ADF4 are actively transported into the nu-
cleus, where they are supposed to be involved in
expression regulation and localization of actin in
the nucleus. Phosphorylation of ADF4 Ser-6 may
regulate its activity and its ability to interact with
actin filaments and RPS5 [11]. Another ADF fac-
tor — Triticum aestivum TaADF7 accelerates cell
death, which is caused by Nicotiana benthamiana
Bax gene. The TaADF7 gene which was a knockout
in wheat plants resulted in their increased suscepti-
bility to Pst (P. graminis f. sp. tritici). In the leaves
of TaADF7 knockout plants the fungal hyphae are
longer. In these plants, the disease increases the
SOD and CAT genes expression, and vice versa —
reducing the TaNOX gene expression, which is
responsible for the generation of ROS. Thus, the
reduced accumulation of reactive oxygen species
(ROS) can be observed [12].

The overview of the genes Adf3, Rpg5, RGAI
implies that they could not only provide a compre-
hensive resistance to stem rust due to their complex
structure and multi-domain organization (Rpg)5,
RGA I protein) but also participate in unknown pro-
cesses that provide resistance to various pathogens.

The aim of the present study was to determine
whether the homologues of these genes were pre-
sented in such species as Aegilops tauschii, Triticum
urartu, Triticum monococcum and also in the plants
with an available genome data base like Sorghum
bicolor, Setaria italic, Oryza glaberrima etc. Special
attention was also given to the search of the above
mentioned gene homologues in Triticum aestivum
genome because of its exceptional importance as a
crop culture. We supposed that Rpg5 homologues
and those of the genes RGAI and Adf3 could be
present in wheat genomes. We have been supporting

this idea with three facts: three genes are inherited
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together; both barley and wheat can be infected by
the same races of P. graminis f. sp. tritici; the tight
evolution of the pathogen and its host lead to the
emerging of similar or the same mechanisms of the
defense. Our investigation confirms that 7riticum
aestivum has highly identical homologues of the
Adf3 and RGAI and that the analog of Rpg5 is also
represented in its genome. We speculate that the
wild relatives of wheat Thinopyrum ponticum and
Elytrigia repens or other species, which in the past
had been used often as sources of resistance to stem
rust, have genes similar to Rpg5, RGAI and Adf3 and
that these genes could be used to fight new races of
stem rust in the future.

Methods. The complete amino acid sequences of
the protein products of Rpg5, RGAI and Adf3 genes,
and their homologues were obtained using a database
of the protein sequences UniPronKB (www.uniprot.
org) [13]. BLASTp-scan (BLASTP 2.2.29+) of the
database was performed according to the standard pa-
rameters [14]. The homologues were selected taking
into account the index identity (not less than 30 %)
and the completeness of the amino acid sequen-
ces. The domain architecture of the proteins were
studied with the help of on-line tool SMART [15]
(http://smart.embl-heidelberg.de/) and HMMER
[16] (http://hmmer janelia.org/).

The multiple alignments were performed using
server T-Coffee (http://www.tcoffee.org/) and ap-
plying the two methods: clustalw_msa and t cof-
fee_msa [17]. The multiple alignments were edited
and the gaps were extracted using the Jalview [18].
The phylogenetic analysis was performed using the
software package MEGAG6.06 [19]. To check the reli-
ability of the OTUs (Operational Taxonomic Units)
placement, the bootstrap test was conducted (1000
replica) [20]. A calculation of the evolutionary dis-
tances was carried out with the Jones-Taylor-Thorn-
ton (JTT) method [21]. The cladistic analysis was
performed using Neighbor-Joining method [22]. We
modeled differences in the rate of the substitutions
among the sites using a gamma distribution.

In addition, we provided the analysis of the sub-
stitutions in the animo acid sites of the determined
sequences which could be involved in the intermo-
lecular interactions.

At first, the spatial structure of Adf3 protein and
those of the separate domains of Rpg5 and RGAI
proteins were reconstructed. For this purpose, an
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on-line tool Phyre2 was used (http://www.sbg.bio.
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ic.ac.uk) [23]. After that we found the annotated
x-Ray structures in the database of Phyre2 that
were the most similar to the reconstructed models
that we had obtained for Adf3, Rpg5 and RGALI.
We used the x-Ray structures dlak7a Tta d1f7sa_
to predict the active sites for Adf3 and c2IxxA__ and
c2i2gA_ to predict the active sites for Adf2. The
x-Ray structure c2a5yB_ and the x-Ray structures
c4bstB_and c3rgxA_ were used to predict the active
sites in NB and LRR parts of Rpg5 respectively.
The model c3iz8H_ was used to identify the ac-
tive sites in the NB part of RGAland the models
c4fcgA and dlogga_ to do the same for RGAI
LRR domain.

Next, the possible protein interaction sites of
Adf3, Rpg5 and RGAI proteins with other mol-
ecules were searched using Phyre Investigator
(http://www.sbg.bio.ic.ac.uk). We marked the sites
of the interactions in the main sequences which
were the sequences of Adf3, Rpg5 and RGAI pro-
teins. After that, we compared the sequences of
Adf3, Rpg5, RGAI and those of their homologues
in the predicted active sites using the multiple align-
ments. Also, we used for analysis the literature data
which describe the main motifs of NB-LRR and
protein kinase classes of the proteins. Only the full
sequences of the selected domains were chosen for
the analysis; we removed the gaps from the align-
ment only in the case if they were in the amino acid
sequences of Adf3, Rpg5 and RGAL.

Results and Discussion. Search for Adf3, Rpg5
and RGAI homologues. Adf3 homologues. We used
UniProtKB database to find Adf3 protein homo-
logues. M4THII1 (UniProtKB ID) was chosen as
the query sequence. It was found that the sequences
QI9FEC6 from Th. elongatum (96 % identity) and
Q43655 from T. aestivum (92 % identity) were the
homologues of M4THI1 actin depolimerization
factor. In addition, the set of the previously un-
characterized sequences was obtained, which was
supposed to be the homologues of Adf3 from other
plants. The set contained: 11GLK1 from Brachy-
podium distachyon (69 % identity), K4AM?22 from
Setaria italica (68 % identity), [IPGT7 from Oryza
glaberrima (66 % identity), CSWV16 from Sorghum
bicolor (65 % identity), M5XE35 from Prunus per-
sica (55 % identity), MOSXV6 from Musa acuminate
subsp. malaccensis (56 % identity).

It have been believed that gene Adf2 (Rpg4) in the
complex with Rpg5 ensures resistance to Ug99 [24],
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but recently it was shown that actually the resistance
was provided by Adf3, not the Adf2[10]. That is why
we decided to conduct the search of Adf2 homo-
logues too, and after that we found out the differ-
ences between Adf3 and Adf2. The most identical
homologues of Adf2 (UniProtKB: BSLQU6) were
the sequences W5FCA4 from T. aestivum (98 %
identity) and J3LU77 from Oryza brachyantha
(81 % identity). The remaining sequences were se-
lected using the same pattern as for Adf3. These
sequences were [1GLK1 from B. distachyon (80 %
identity), K4AM?22 from S. italica (80 % identity),
C5WV16 from S. bicolor (76 % identity), M5XE35
from P. persica (55 % identity), QIFEC6 (74 %
identity) from 7. elongatum, 11LGG5 from Glycine
max (74 % identity). It is clearly seen from these
data that all found sequences are almost identical
for both Adf2 and Adf3, and the reason of this is a
high identity between Adf3 i Adf2 (74 % identity).
The results of the cladistic analysis are presented at
the Fig.1, A, B. A bootstrap test confirmed the re-
lationship of Adf3 and Adf2 with their homologues.
Rpg5 homologues. The next step of our investiga-
tion was the search of Rpg5 protein homologues.
As a search query the not annotated amino acid
sequences MIWLWS5 of Rpgd from H. vulgare
was chosen. The profile analysis revealed only two
sequences with high identity (76 %) to the given
protein: potential protein kinase of APKI1B type —
M8A999 from Triticum urartu and not characterized
protein WSFCUI from T. aestivum. The analysis of
the domain architecture of Rpg5 homologues with
the instrument SMART showed the existence of
three domains. To expand a sample we used the
amino acid sequences of every domain of Rpg5 for
a search of the additional sequences that could be
the candidates to be the Rpg5 homologues.
Carrying out the search using the sequence of a
protein kinase domain, we found several candidates
with high identity to its sequences: R7ZWEV1 from
A.taushii (94 % identity), QILFP7_ Y5158 from A.
thaliana (83 % identity), TINE20 from 7. urartu
(87 % identity), WSEUIO from T. aestivum (94 %
identity), I11PJ8 from B. distachyon (93 % iden-
tity). The results of cladistic analysis showed that
the kinase domain sequence of Rpg5 protein is not
related to those of M8A999 from 7. wurartu and
WSFCUI from T. aestivum. This indicates that the
divergence between the ancestor of H. vulgare and
the ancestors of T. urartu and T. aestivum probably
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took place earlier than between ancestors of those
of T. urartu and T. aesivum. Although, the PK do-
main sequence of Rpg5 is located in the cluster
together with its highly identical homologues, the
bootstrap test rated this OTU (PK Rpg5) as unreli-
able (Fig. 1, G).

Using for the search the sequence of nucleotide-
binding (NB) domain of Rpg5 protein we were able
to identify in UniprotKB database in addition to
the previously mentioned sequences M8A999 (81 %
identity of NB domain and 76 % identity of LRR
domain with those of Rpg5) and W5FCU1 (77 %
identity of NB domain and 74 % identity of LRR
domain with those of Rpg)5), also such uncharac-
terized sequences: C5Y116 (49 % identity) from
S. bicolor, I1THE45 (52 % identity) from B. dis-
tachyon, K3Z1L04 (50 % identity) from S. italica,
MOXND7 (86 % identity) from MOXYVS5 (98 %
identity) from H. vulgare, M8C4AO0 (60 % identity)
from A. tauschii, TILD43 (82 % identity) from T.
urartu, WSFPX7 (80 % identity) from T. aestivum
(Fig. 1, Q).

Using the sequence of the LRR part of the Rpg5
protein as a query we revealed that the sequence oc-
curred in the following homologues: C5YSD6 from
S. bicolor (50 % identity), F2E044 from H. vulgare
(58 % identity), 111JB3 (49 % identity) and 111K46
(66 % identity) from B. distachyon, 13M864 from
O. brachyantha (52 % identity), K3ZQ30 from S.
italica (50 % identity), T1LD43 from T. urartu (80 %
identity), R7VZBS5 from A. tauschii (56 % iden-
tity), W5D8LS (59 % identity) and W5FE25 (78 %
identity) from 7. aestivum (Fig. 1, D). In additi-
on, we found the sequences that have high identity
to the NB-LRR part of Rpg5; they are T1LDA43,
MOXND7 and MOXYVS. It should be noted that
the sequences M8A999, W5S5FCUI1 and Rpg5 have
highly identical NB-LRR part of their proteins, but
they differ greatly in their protein kinase domains.
Also the sequences W5FPX7 and WS5FE25 from T.
aestivum are highly identical to the sequences of
Rpg5 NB and LRR domains respectively.

RGAI homologues. Further we initiated the
homologue search to detect RGAl homologues.
B5BODI1 protein from H. vulgare (unannotated
RGA1) was used as a query sequence. Such ho-
mologues of RGAI1 were revealed: AAUKM?2 (51 %
identity) from H. vulgare, MSBTT3 (51 % identity)
from A. tauschii, 1116Q8 (62 % identity) from B.

distachyon, M7Z7ZX9 (94 % identity) from T. ura-
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Fig. 1. Results of the phylogenetic analysis of Adf3, Adf2,
Rpg5, RGA1 and their homologues. Depicted cladograms:
A, B— Adf2, Adf3; C, D, G — Rpg5; E, F— RGAI1. The
evolution distances are marked near the branches and un-
der them; the values of a bootstrap test are located near
the nodes the values of a bootstrap and the names of the
query sequences are marked with bold type
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rtu, WS5FFPO (94 % identity) and W5FI33 (90 %
identity) from 7. aestivum, F7J0MS5 (39 % identity)
from Oryza sativa subsp. indica, K3ZH65 (39 %
identity) from S. italica, C5Y115 (38 % identity)
from S. bicolor (Fig. 1, E). In addition, we con-
ducted the separate searches of the homologues for
RGAI1 using as the queries the sequences of LRR
and NB domains, but we could not reveal the com-
plete sequences, which corresponded to NB part
of RGAI, but we were able to find them for the
LRR part. We discovered that the sequences highly
identical to LRR part of RGA1 were: MOXSU6
(100 % identity) from H. vulgare, MSCCD?9 (87 %
identity) from A. tauschii, W5FFPO (92 % identity)
ta WSEZK4 (91 % identity) from T. aestivum. The
sequences with lower identity are not described, but
one can find them on the cladogram on the Fig. 1,
F. The brunch topology of the all trees was reliable,
so we have used these trees in a farther analysis.

Analysis of the functional sites of RGAI, Rpg5,
Adf3 and their homologues. The last stage of our re-
search was the analysis of the amino acid sequences
of RGAI1, Rpg5, Adf3 and their homologues in the
sites that could be involved in the intermolecular
interactions.

Analysis of Adf2 and Adf3. Generally, the amino
acid differences in sequences of Adf2, Adf3 and
their homologues are respectively located in the
loops, between the elements of the secondary struc-
tures. All predicted F- and G-actin binding sites are
conserved and they do not contain substitutions.

It should be noted that the residues Pro and
Gly located in the positions 130—131 (on a scale
of multiple sequence alignment rather than separate
sequences) of Adf2 sequence, are situated between
F-actin (129, 132) binding sites, and in Adf3 in
these positions Ala and Ser are situated. Perhaps
they, especially Pro, cause the structural differences
between Adf2 and Adf3 proteins, which in turn af-
fect the interaction with F-actin. Among the set of
the predicted functional sites the sequences Adf3
and Adf2 also differ in the positions: E47D, V62T,
S63V, R102K, T111N, L114F (Fig. 2, A).

Analysis of Rpg5. It was found that a large num-
ber of the conserved sites in the Rpg5 protein kinase
domain (M9WLWS) sequence differ from that of
the homologues. We assume that in this case the
protein kinase part of Rpg5 in some sense is a para-
log in relation to the other sequences, and fulfils
some other functions. As shown at the Fig. 2, C,
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the main difference between protein kinase domain
Rpg5 sequence and those of the sequences of its
homologues is the presence of Gly in the position
50 in the motif of the catalytic loop (YGDFRTSN).

The homologues in this position have the con-
served amino acid Arg. Rpg5 PK sequence has also
Glu in the position 73 in the activation loop mo-
tif. The homologues have Ala in this position. The
PK Rpg5 has Ile and Arg in the positions 82—83
which are placed in the area of the so-called P + 1
loop (not marked), but the other sequences have
Ser/Thr and His respectively in these sites. To-
gether these differences may affect the substrate
specificity of Rpg5 protein and thus they distinguish
it among other relative kinases. In addition, the
multiple sequence alignment shows clearly why the
PK domain sequences of M8A999 from 7. urartu
and W5SFCUI from T. aestivum locate on the tree
apart from the other sequences — in many positions,
especially in the important motifs; they differ from
the rest of the homologues. Overall, PK of Rpg5
has conventional catalytic motifs that are the main
features of Ser/Thr-specific kinases, to which the
product of this gene belongs.

The sequence of NB domain of Rpg5 does not
differ from that of its most identical homologue
MOXYVS5 from H. vulgare. However, the sequenc-
es of NB part of Rpg5, MOXND7 and M0XYV5
have many differences in relation to the rest homo-
logues in the positions 69(G), 70(T), 72(H), 82(S),
156(G), 161(V), which are situated near the active
sites (Fig. 2, B). Rpg5 LRR part differs from those
of its homologues in 22 positions without examining
each separately (Fig. 3, A).

Analysis of RGAI. To analyze the active sites of
NB domain, we used the homologues obtained from
the full-length sequence of RGAI, and to analyze
LRR domain, we chose not only the homologues of
a full length RGAI sequence but also the sequences
that were found only for the LRR domain.

We did not find any differences between RGAI
NB domain and those of the homologues M7ZZ7X9
and W5FFPO0. Only the sequence W5FI33 differed
from the rest of the homologues in position 113
and 146 (Fig. 3, B). The sequence of RGA1 LRR
part has 11 positions that differ from the remain-
ing set, except the sequence MOXSU6 which is
identical in the active sites to RGAIl (Fig. 3, C).
The homologues have differences only in two active

sites which were predicted equally for both models.
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If we take into account this fact, then we can say
that RGA1 has a much more conserved sequence
of LRR domain than that of RPG5. We suggest
that RGAI could be a trap for the pathogen effector
molecules, and should be sufficiently conservative
to fulfill this role.

The QILFP7_Y5158 sequence from A. thaliana
is the only homologue among all which were found
for RpgS5, RGA and Adf3, that has the clear data
about its intermolecular interactions. It is known
that this protein interacts with EXO70E2 (exocyst
subunit exo70, family protein e2) and AT4G24690
(ubiquitin-associated (UBA) zinc-finger and PBI1
domain-containing protein) [25]. EXO70E2 is re-
quired for the formation of exocyst-positive orga-
nelle (EXPO) [26], and AT4G24690, due to PBI
domain, could participate in many processes like
activation of NADPH oxidase, which is very impor-
tant for the immune defense of the mammals. And
since this domain is conserved in plants, animals,
fungi and even amoebas, it could be assumed that
AT4G24690 homologues take part in the similar
processes in plants [27].

Based on existing knowledge, it is possible to
divide the different resistance genes into two groups.
In the first class R genes are, most of which be-
long to the NB-LRR class. The second is the adult
plant resistance genes (APR) which function only
in adult plants. There are also no guarantees that
some APR genes do not indeed include race spe-
cific, weak R genes which may be of the NB-LRR
class [28]. It is not clear what position the genes
like Adf3 occupy in this classification. But it was
shown previously that ADF4 from A. thaliana dur-
ing plant innate immune signaling regulates actin
dynamics in order to execute key events associated
with PTI (pattern triggered immunity), such as cell
wall fortification and transcriptional activation of
defense gene markers [29]. In addition to this, re-
cent research connects a basis of Sr2 APR resistance
with germine-like proteins, which in turn are linked
with ROS [30]. As we mentioned above, TaADF7
also is tightly connected with reactive oxygen spe-
cies that makes possible a participation of ADF in
the different mechanisms of non-host resistance.

So, it is very important to determine the link
between Adf3 protein function and the signaling
that accompanies its activation and how this pro-
tein works under a pathogen attack together with

The homologous identification of the stem rust resistance genes Rpg5, Adf3 and RGAI

RGAI1 and Rpg5.
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Conclusion. The results of this study confirm
that barley close relatives such as A. tauschii, B. dis-
tachyon, T. urartu, T. aestivum, O. sativa, S. italica,
S. bicolor have the homologues of Adf3, Rpg5 and
RGAI. We found the highly identical Adf3 homo-
logues in 7. elongatum and T. aestivum genomes,
but we could not find them in the genomes of 7.
urartu and A. tauschii. We found only two sequences
with the same length as Rpg5 in T. wurartu and T.
aestivum genomes, but it was discovered that their
kinase domains differed significantly from that of
the Rpg5 protein. The search for every Rpg5 do-
main separately revealed the additional homologues
in the genomes of some relatives of barley, which
were available in the databases. We identified highly
identical sequences for the full length protein prod-
uct of RGAI and for its LRR domain too, but we
could not detect the sequences that were similar
to NB part of RGAI in the genomes of the other
plants. Our results suggest that 7. aestivum has simi-
lar sequences to Adf3, Rpg5 and RGAI complex of
genes and the further investigation should elucidate
the function of this unknown defense mechanism.

The authors declare that there is no conflict of
interests regarding the publication of this paper.

VIEHTU®UKALIMS TOMOJIOTOB TEHOB
Rpg5, Adf3 1 RGAI YCTOMYMBOCTHU K BYPOU
PXXABUMHE CPEJU POICTBEHHHUKOB
SYMEHS

b.B. Heawyk, JI.A. Camoghanosa,
A.B. Iupro, uc. Dedax, 4.b. baom

T'ennr stumenst Rpg5, RGA1 u Adf3, obecnieunBaroniue
YCTOMYMBOCTh KO MHOI'MM IATOTUIAM CTe0JIEBOM piKaB-
YUHBI, KJIOHUPOBAHbI HECKOJIBKO JIET Hasal, HO He-
M3BECTHO MMEIOTCS JIM WX TOMOJIOTM B MIIEHULE U
NIPYIrUX POJCTBEHHBbIX BWaax. B Hactosueir pabote
MpEeACTaBICHBI PEe3YabTaThl OMOMHMOPMAIIMOHHOIO T10-
ucka 1o omnpeneaeHuo romosnoroB Rpg5, RGAl u
Adf3 B trenome Triticum aestivum, a TakXKe TeHOMax
HECKOJIBKMX IUKUX 3JIaKOB, KOTOpPbIE CEJIEKIMOHEPDI
OOBIYHO MCITOJIB3YIOT KaK MCTOYHUKU YCTONYMBOCTHU
K Oypoil pXaBUMHE M KOTOpbIe cedyac JOCTYITHbI B
Gasax maHHBIX. OnpeaesieHo, YToO MOC/IeA0BATEIbHOCTD
Q9FEC6 ¢ Th. elongatum W TIOCIIEAOBATEILHOCTD
Q43655 ¢ T. aestivum SIBISIOTCSI BUCOKOUIECHTUYHBIMU
romoJyioraMu 0O€JIKOBOW IocjeaoBareibHOCT  Adf3.
ITocnenoBarenbHocth M8A999 ¢ T. wrartu w Tiocie-
noBatenbHOCTh WSFCUTL ¢ 7. aestivum oka3zaauch To-
MOJIOraMU TIOJTHOM OEJIKOBOI IOC/IeA0BaTeIbHOCT Rpg),
HO WIEHTUYHOCTb KMHA3HBIX JOMEHOB 3TUX IOCJIEI0-
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BaTeJIbHOCTEN HMXKE, 4YeM JJIsT APYruX ITOoMeHOB. OT-
IebHBINA aHaIM3 KMHa3HOo# yactu RpgS He mpemocTtaBmn
YETKUX J0KA3aTeJIbCTB HaJIu4ust opTosioroB RpgS cpenu
npyrux BunoB 3nakoB. [locnenoBatenbHocte M7727X9
¢ T. urartu, a Taxxke mocienoBareabHocTu WS5FFPO 1
WS5FI33 ¢ T. aestivum oxazanuch romojioramu RGAL.
AHaJIN3 aKTUBHBIX CATOB TO3BOJIMJI OMPEIEIUTL pa3-
HUIIy MEXIy OCJIKOBBIMU IIOCJemoBaTeIbHOCTIMU Rpgs,
RGAI1, Adf3 u nocnenoBaTebHOCTSIMU X TOMOJIOTOB.

IAEHTU®IKALLIS TOMOJIOTIB TEHIB )
Rpg5, Adf3 1 RGA1 CTIMIKOCTI 4O CTEBJIOBOI
IPXI CEPEJl POIMYIB SIYMEHIO

b.B. Isawyk, /I.0. Camoghanrosa,
A.B. Ilipko, Jxc. Dedak, A.b. Baiom

I'enn stamenio Rpgd, RGAI ta Adf3, o 3ab6e3neuyiorh
CTiMKiCTh 10 GaraThbOX MATOTUIIIB CTE€OJOBOI ipXi, OyIu
KJIOHOBaHi KiJlbKa POKiB TOMy, ajie OyJI0O HEBiTOMO 4u
HasBHi iXHi TOMOJIOTM B IIIEHMIII Ta iHIIMX CIIOPigHEe-
HuX Buaax. [laHa poboTa mpeacTaBiise pe3yabTath 6io-
iH(dOpMaLiHHOrO MOIIYKY MO BU3HAYEHHIO TOMOJIOTIB
Rpg5, RGAI ta Adf3 B reHomax Triticum aestivum Ta
KiJTbKOX AWMKMX 3JIaKiB, sKi CeJeKLioOHepUu 3a3BUYait
BUKOPHCTOBYIOTh SIK JKEPEJIO CTIMKOCTI 10 CTeOJIOBOI
ipXi i sKi Hapasi € moctymHuMu B 0azax maHux. Bu-
3HaYeHo, 1o mnociinoBHicTe QIFEC6 3 Th. elonga-
tum i mocnigoBHicTh Q43655 3 T. aestivum € BUCOKO-
iIEeHTUYHUMU TOMOJIOraMy OiTKOBOI MocinoBHOCTI Adf3.
IMocninosHicte M8A999 3 T. wrartu i MOCHiNOBHICTb
WSFCUI 3 T. aestivum BUSIBUIKCH TOMOJIOTaMU TTOBHOT
0inKoBOI mMocaimoBHOCTI Rpg5, ane ineHTHYHICTh Ki-
Ha3HUX JIOMEHIB 1IMX TOCIiITOBHOCTE € HUXYOIO, HiX
IUIsT iHIIMX qoMeHiB. OKpeMuii aHajli3 KiHa3HOI 4acTu-
Hu Rpgd He HamaB YiTKUX JOKa3iB HASIBHOCTI OPTOJIO-
riB Rpgd cepen iHmmx BumiB 31akiB. IlociaigoBHICTb
M7Z7ZX9 3 T. urartu i nocnimoBHocti WSFFP0O Ta
WSFI33 3 T. aestivum BusiBunuch romojoramu RGAI.
AHaJi3 aKTUBHUX CAlTiB J1O3BOJMB BU3HAYUTU PiZHUIIIO
MixX OinkoBuMHM mociaifoBHocTsIMU RpgS, RGAL, Adf3
Ta MOCJiIOBHOCTSIMU 1X TOMOJIOTIB.
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