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Background. Clonal apple rootstocks are one of the main
components of intensive gardening. The degree of rootstock
damage by fire blight affects the resistance of the variety-
rootstock combination. The paper presents a study on mark-
ing quantitative trait loci (QTL) of resistance to fire blight Er-
winia amylovora in clonal apple rootstock. Materials and
methods. A collection of 20 rootstock forms was analyzed.
For the study, SCAR markers GE-8019, AE10-375 and micro-
satellite marker CH-F7-FB1 were used. Results. Polymor-
phism was observed for all three markers, and their various
combinations in one genotype were revealed. It was previ-
ously noted that genotypes that carry all three markers were
more resistant than those that lack them. The presence of all
three markers was observed only in forms 62-396 (B10),
16-1 and 2-9-102. The other genotypes did not have the GE-
8019 marker. The AE10-375 marker was identified in eight
clonal rootstocks. Microsatellite marker CH-F7-FB1 was pres-
ent in all tested rootstocks. However, polymorphism was de-
tected there. Most genotypes had a 174 bp fragment, but
a 210 bp fragment was identified in two of the 20 forms. Clon-
al rootstock 70-20-21 proved heterozygous for this marker.
The analyzed collection also included samples that had only
the microsatellite marker: G16, Malysh Budagovskogo, Para-
dizka Budagovskogo (B9), 54-118 (B118), 57-491, 70-20-20
(B119), 70-20-21, 71-7-22, 76-3-6, 83-1-15, 87-7-12, and
2-12-10. The study of rootstock forms on the basis of resis-
tance to metabolites of the fire blight pathogen was carried
out under laboratory conditions using the E. amylovora cul-
ture filtrate in vitro on leaf explants. Most of the studied geno-
types had different combinations of markers. However, the
experiments showed that forms 62-396 and 14-1 with two
out of three markers (AE10-375 and CH-F7-FB1) phenotypi-
cally manifested the trait of resistance to metabolites of
E. amylovora.

Key words: apple, fire blight, Erwinia amylovora, QTL, mar-
ker-assisted selection.

AxTyanbHOCTB. KyI0HOBBIE TOABOU sI6JIOHU — OAVH U3 OCHOB-
HBbIX KOMIIOHEHTOB HHTEHCHBHOI'O Ca/loBo/cTBA. CTeneHb Io-
pakeHHUs TO/BOsI 6AKTEPHUATBbHBIM 0XKOI'OM BJIMSIET Ha YCTOM-
YUBOCTb COPTO-NOABOMHON KoMOUHauuu. [IpescTaByieHsl uc-
C/Ie[JOBaHUsl 110 MapKHPOBAHHUIO JIOKYCOB KOJIMYECTBEHHBIX
npu3HakoB (QTL) ycTOWYMBOCTH KJIOHOBBIX ITOJ{BOEB 516JI0HU
K 6aKTepHaJTbHOMY OXKOT'Y ILJIOZOBBIX KYJIBTYp (BO3OYAUTED
Erwinia amylovora (Burrill.) Winslow etal.). MaTepuaibl
U MeToAbl. [IpoBejieH aHa/IU3 KoJuieKIuy u3 20 dopM mozaBo-
eB. Jl1s1 uiccyie[oBaHMs ObLIN UCIOJIb30BaHbl SCAR-MapKepbl
GE-8019 u AE10-375, a Takke MUKPOCATEeJ/UIMTHBIA MapKep
CH-F7-FB1. Pe3ynbraTbl. OTMeuYeH MOJIMMOPOU3M IO BCEM
TpeM MapKepaM, BbISIBJIEHbl PAa3JIMYHble UX COYETAaHUS B Of-
HOM reHoTture. PaHee oTMe4asoch, YTO TeHOTHUIIbI, KOTOPbIe
HECyT BCe TPH MapKepa, 60J1ee YCTOWIUBBI, 4eM Te, ¥ KOTOPBIX
OHHM OTCYTCTBYIOT. Hasin4ume Bcex Tpex MapKepoB OTMEeYeHO
ToJIbKO ¥ dopM 62-396 (B10), 16-1 u 2-9-12. Y ocTanbHBIX Te-
HOTHUIIOB He BbIsiBieH Mapkep GE-8019. Mapkep AE10-375
HJeHTHGULIMPOBAH Y BOCbMH KJIOHOBBIX I0JiBOeB. MuKpoca-
TeJUIMTHBIN Mapkep CH-F7-FB1 mpucyTtcTByeT y Bcex uccie-
AyeMbIXx mofBoeB. OJHAKO 3/eCch OTMeYeH NO0JUMOPOHU3M.
Y 6o/IbIIMHCTBA I€HOTUIIOB MPUCYTCTBYeT ¢dparmMeHT 174 mH,
HO y AByX 13 20 popm BbIsiBieH pparmeHT 210 nH. KyioHOBBIN
nozBou 70-20-21 AB/seTCA reTepO3UTrOTHBIM 10 3TOMY JIOKY-
cy. B aHann3upyeMoi KoJIJIEKIIUH TaKXKe OTMe4eHbl 06pasiibl,
HMeIolLMe TOJIbKO MHKpOcaTe/UIMTHbIA Mapkep: 70-20-21,
G16, 2-12-10, 83-1-15, 54-118 (B118), «Maubiu Bygaroscko-
ro», 71-7-22,57-491, «Ilapaguska Bygarosckoro» (B9), 70-20-
20 (B119), 76-3-6, 87-7-12. U3y4eHne mogBOHHBIX GOPM IO
MPU3HAKY YCTOMYMBOCTH K METAab0JIMTaM BO30yAuTe sl Gak-
TepUaJIbHOTO 0KOTa MPOBOJUJIN B JIAGOPATOPHBIX YCI0BHUAX
C MCII0JIb30BAaHNEM KYJIbTYpasbHOro ¢uiabTpara E. amylovora
Ha JIMCTOBBIX 3KCIJIAHTAX in Vitro. Y 60/IbIINHCTBA U3yYeHHbIX
reHOTUIIOB OTMeYeHbl pa3IMYHble COYETAHHWS MapKepoB.
[IpoBe/ieHHbIE IKCIIEPUMEHTHI OKA3aJIH, UTO Y UCCIIe[yeMbIX
¢dopm c ;BymMa mapkepamu u3 Tpex (AE10-375 u CH-F7-FB1)
beHOTUNMYEeCKH NPOSIBJISIICS NPU3HAK YCTOMYMBOCTH K MeTa-
6osiutaM E. amylovora.

KioueBsle cioBa: 16510414, Erwinia amylovora, QTL, mapkep-
orocpeoBaHHasi CeJIEKIHS.
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Introduction

In the Russian Federation, as in many countries of the
world, the most economically significant fruit plant is the
apple tree, the areas under which are expanding every year.
The fire blight of fruit crops causes significant damage to
commercial apple-tree orchards and stoolbeds. The main
strategy for controlling the disease remains the destruction
of infected trees, treatment with cupriferous and other pes-
ticides, and, in some countries, with antibiotic solutions.
However, the widespread use of such drugs causes the
emergence of new bacteria races that are resistant to their
effects (Emeriewen et al., 2018). The top-priority and envi-
ronmentally friendly key focus area is the cultivation of re-
sistant apple varieties and rootstocks.

It has been found that most resistant genotypes are con-
centrated among wild apple trees. High resistance is ob-
served in two species - Malus x robusta (Carr.) Rehder 5
(QTL identified on chromosome 3) and M. fusca (Raf)
C.K. Schneid. (QTL identified on chromosome 10). The phe-
notypic trait manifestation, depending on the presence of
QTL in these species, is 80% and 60%, respectively. How-
ever, the manifestation of high resistance is characteristic
in relation to certain local strains of the pathogen (Peil
etal, 2007; Emeriewen et al., 2018). Low susceptibility to
the disease was also observed in other species: M. baccata
(L.) Borkh. (Peil etal., 2014), M. x robusta var. persicifolia
and M. sieversii (Ledeb.) M. Roem. (Fazio et al., 2013).

The causative agent of fire blight is the gram-negative
phytopathogenic enterobacterium Erwinia amylovora (Bur-
rill.) Winslow et al., which has a type Il secretion (T3SS)
that delivers effector proteins (PAI1) to the host organism.
The T3SS is encoded by a cluster of hypersensitive response
and pathogenicity genes (called hrp genes) which control
the ability of the pathogen to cause disease in susceptible
host plants and induce a hypersensitive response (HR) in
both resistant and non-resistant plants (Khan etal., 2012).

The genome studies of the domestic apple tree (Malus
domestica Borkh.) have not identified individual genes that
control monogenic resistance. However, the presence of sat-
urated genetic maps has allowed identification of a number
of quantitative traitloci (QTL) associated with resistance to
fire blight (Maliepaard etal., 1998; Liebhard etal., 2002,
2003; Peil etal., 2008; Khan etal., 2007; Baldo et al., 2010;
Wohner et al., 2014; Kost, 2016). Molecular markers were
found for most QTLs which were used to genotype the col-
lections. Significant associations between the traits and
markers indicate that these markers are located adjacent to
the QTL (Khan etal., 2012).

The FBF7 (Fire blight Fiesta chromosome 7) QTL associ-
ated with resistance to fire blight was identified on chromo-
some 7 in cv. ‘Fiesta’. Its correlation with the phenotypic
manifestation of the trait varied in the range of 34.3-46.6%
(Calenge et al., 2005).

Similar results were obtained from the analysis of seed-
lings derived from the crossing of cvs. ‘Fiesta’ and ‘Discov-
ery’. In that study, the QTL was also identified on the chro-
mosome 7 (linkage group 7), and the level of phenotypic
variability was consistent with previous studies: 37.5-
38.6% (Khanetal., 2007).

On the basis of the summarized data it was found that
the QTL of fire blight resistance, called “FBF7” (Fire Blight
Fiesta chromosome 7), is located on the seventh chromo-
some. Two dominant SCAR markers were developed to iden-
tify this QTL. The AE10-375 and GE-8019 markers flank the
region of chromosome 7 where the QTL is located. Besides,

the additional microsatellite marker CH-F7-Fb1 linked to
the AE10-375 marker was produced to accurately identify
the resistance locus. These markers can be successfully
used for marker-assisted apple selection (Khan et al., 2007).
However, most studies focused on resistance assessment
and screening of apple varieties (Calenge et al., 2005; Khan
etal.,, 2007; Peil et al., 2014; Baumgartner et al., 2015). Root-
stocks are an integral part of the scion-rootstock combina-
tion and play a significant role in the development of a dis-
ease-resistant apple plant. Therefore, the choice of the root-
stock and knowledge of the degree of its susceptibility to
the disease are one of the important factors preventing the
spread of infection.

The attack of fire blight in orchards with trees on dwarf
rootstocks is especially dangerous due to high planting den-
sity and intensive spreading of the disease (Jensen etal.,,
2012). In addition, many dwarf apple rootstocks are suscep-
tible to the pathogen. In areas significantly susceptible to
the disease, there are recommendations against certain va-
riety-rootstock combinations (Wilcox, 1994).

A number of studies were carried out to study fire blight
resistance in apple rootstocks and their combinations with
varieties (Russo etal.,, 2008; Jensen etal., 2012; Kviklys,
2012). A significant part of the most common clonal root-
stocks (M9, M26, P series, Ottawa series) were found to be
susceptible to the disease. This applied to both an individu-
al rootstock plant and a scion-rootstock combination (Cline
etal., 2001; Kviklys, 2012; Wilcox, 2014).

Only limited attention has been paid to rootstocks of
Russian breeding. There are almost no domestic studies on
this topic, including molecular diagnostics and collection
screening. Of all the diversity of the existing assortment of
Russian clonal rootstocks, the B9 (Paradizka Budagovs-
kogo) remains the most studied. Its resistance to fire blight
is assesses ambiguously in the published sources. When in-
fected in vitro, the B9 rootstock shows high susceptibility to
the pathogen. However, in the field and in variety-rootstock
combinations, it demonstrates significant resistance, which
increases with plant age (Norelli etal., 2003; Russo etal,,
2008).

The aim of this work was to mark the QTL of fire blight
resistance in clonal apple rootstocks in order to assess their
resistance to pathogen metabolites under invitro condi-
tions, and to identify the genes for this valuable trait.

Materials and methods

The work was carried out at the facilities of Michurinsk
State Agrarian University and the All-Russian Plant Quaran-
tine Center (VNIIKR).

The biological material of the study was the forms of
clonal apple rootstocks from the collection of Michurinsk
State Agrarian University. A total of 20 genotypes were ana-
lyzed.For DNA isolation, young healthy apple-tree leaves
were taken from the apical part of the shoot, one sample for
each form. Cv. ‘'Remo’ was used as a positive reference, the
presence of all markers in this variety being determined in
the original work. The DNA extraction was carried out using
the Quick-DNA Plant/Seed Miniprep Kit (DNA extraction
kit) (Zymo Research, USA) according to the manufacturer’s
protocol. The amplification was performed in a SimpliAmp
device manufactured by Applied Biosystems (USA). The re-
action mixture for PCR with a volume of 15 ul contained:
20 ng DNA, 1.5 mM dNTP, 2.5 mM MgS0,, 10 pM of each
primer, 1 U Taq polymerase and 10x standard PCR buffer
(Thermo Fisher Scientific, UK). Quantitative trait loci
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(QTLs) for fire blight resistance were identified using three
molecular markers (Table 1): two SCAR markers, AE10-375,
GE-8019 and one SSR marker CH-F7-FB1 (Khan et al., 2007).

bility of this QTL on contrasting forms with varying degrees
of resistance which was tested by inoculation with the
pathogen. It was found that genotypes with all three mark-

Table 1. The sequences of primer pairs used in the work (Khan et al., 2007)

Ta6suna 1. I[locsiesoBaTe IbHOCTH NPaiiMepHBIX NIap, HCN01b30BaHHBIX B pa6oTe (Khan et al., 2007)

Name / Sequence (5’-3") Annealing temperature, °C / AT AN G 1)
0 o Pasmep aMmminpunupyeMbix
HasBanue IocinenoBaTebHOCTH (5'-3") Temnepartypa otxkura, °C
¢parmMeHTOB, IH
F CTAAGCGCACGTTCTCC
AE10-375 R CTGAAGCGCATCATTTCTGATAG 55 375
F TTGAGACCGATTTTCGTGTG
GE-8019 R TCTCTCCCAGAGCTTCATTGT 55 397
F AGCCAGATCACATGTTTTCATC
CH-F7-FBL | R ACAACGGCCACCAGTTTATC 60 174,210

After the amplification, the samples were separated by
electrophoresis on a 2% agarose gel, then analyzed under
ultraviolet light and photographed using a digital camera.

The study of fire blight resistance in apple rootstocks
was based on an estimation of the effect of E. amylovora me-
tabolites on the host plant using the culture filtrate of
strains VNIIKR VRE16 and VNIIKR TE1 isolated in Voronezh
and Tambov Provinces of the Russian Federation, respec-
tively, as a selection agent. Bacterial cultures were incubat-
ed in Chapek’s liquid nutrient medium for a month, followed
by sterilization by passing through a membrane filter (Mil-
lipore 0.22 um, France). To determine the nature of the ef-
fect of the bacterial culture fluid filtrate on the host plant,
the leaves of the in vitro microplants of apple rootstocks 54-
118, 62-396 and 14-1 were placed on the surface of the Mu-
rashige-Skoog (MS) nutrient medium (Murashige, Skoog,
2006) containing bacterial metabolites, in accordance with
the sterility standards. Each variant of the experiment in-
cluded 21 explants. Medium variants with 5%, 10% and
20% concentrations of the bacterial culture fluid filtrate
were used in the experiment. The explants were incubated
for 4 weeks at 24°C under a 16-hour photoperiod. The re-
sults of the experiment were recorded one month after its
initiation (De Castro et al., 2016 Pinheiro, 2016, Akomolafe
etal., 2019; Iwamoto et al,, 2019, Maggini et al., 2019).

Plant tissue damage according to the degree of resis-
tance to the bacterium metabolites was assessed using
a five-point scale: 0 - no damage; 1 - very weak lesion (chlo-
rotic or necrotic spots are sparse); 2 - weak lesion (less than
10% of the leaf surface is occupied by necrosis or up to 25%
by chlorosis); 3 - medium lesion (from 11 to 25% necrosis or
from 26 to 50% chlorosis); 4 - severe lesion (from 26 to
50% - necrosis, more than 50% chlorosis); 5 - very severe
damage (more than 50% necrosis) (Sedov, Ogoltsova, 1999).

Results and discussion

The collection accessions of apple clonal rootstocks
were analyzed using SCAR markers GE-8019 and AE10-375
developed on the basis of AFLP and RAPD markers flanking
the QTL sequence of fire blight resistance on chromosome 7
of cv. ‘Fiesta’, as well as the microsatellite marker CH-F7-
FB1 linked to the AE10-375 marker (Khan etal., 2007). The
authors of the original publication analyzed the action sta-

ers were more resistant than those that lacked them. The
reproducibility of the obtained results makes it possible to
use these markers for the selection of gene sources and the
breeding of new resistant genotypes by marker-assisted se-
lection techniques.

Screening the collection of apple clonal rootstocks from
Michurinsk State Agrarian University using GE-8019, AE10-
375 and CH-F7-FB1 markers succeeded in obtaining clear
reproducible results (Table 2).

The presence of the FBF7 QTL in an apple genotype is
most reliably characterized by the detection of at least two
markers, GE-8019 and AE10-375. They flank the genomic
region where the QTL is located. The CH-F7-FB1 marker is
linked to the AE10-375 locus and confirms the accuracy of
locus identification. The presence of all three markers sug-
gests a high expectation of fire blight resistance (Khan
etal, 2007).

Analyzing the obtained data made it possible to identify
various combinations of the studied markers. The presence
of all three markers was observed only in forms 62-396
(B10), 16-1 and 2-9-102. The other genotypes did not have
the GE-8019 marker. The second flanking marker AE10-375
was identified in eight clonal rootstocks. The microsatellite
marker CH-F7-FB1 was present in all studied rootstocks.
However, polymorphism was revealed at this locus. Most
genotypeshada 174 bp fragment, buttwo out of the 20 forms
had a 210 bp fragment. The clonal rootstock 70-20-21 was
heterozygous at this locus, because it had both fragments
amplified. The analyzed collection also contained acces-
sions with only the microsatellite marker: 70-20-21, G16,
2-12-10, 83-1-15, 54-118 (B118), Malysh Budagovskogo, 71-
7-22, 57-491, Paradizka Budagovskogo (B9), 70-20-20
(B119), 76-3-6, 87-7-12.

The degree of fire blight resistance in apple clonal root-
stocks of Russian breeding has not been studied thoroughly
enough. Evaluation under field conditions or with artificial
infection was done only for certain forms of rootstocks
(Norelli etal., 2003). There is no information about the re-
sistance of apple clonal rootstocks from the collection of
Michurinsk State Agrarian University.

To assess the manifestation degree for the trait of resis-
tance to E. amylovora in apple clonal rootstocks developed
at Michurinsk State Agrarian University, preliminary stu-
dies were carried out under laboratory conditions using
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Table 2 Results of the FBF7 QTL analysis of clonal apple rootstocks

Ta6una 2. PesynbraTsl aHasiu3a FBF7 QTL y KJ10HOBBIX NOABOEB A6 I0HU

FBF7 QTL markers (fragment size, bp) /
Genotype Mapkeps! FBF7 QTL (pa3mep ¢pparmeHTa, NH)
Fenornn GE-8019 AE10-375 CH-F7-FB1
397 bp (uH) 375 bp (mH) 174 bp (mn) 210 bp (mx)
87-7-12 - - + -
76-3-6 - - + -
70-20-20 (B119) - - + -
Paradizka Budagovskogo (B9) - - + -
57-491 - _ + _
71-7-22 - - + _
Malysh Budagovskogo - - + -
54-118 (B118) - - ¥ -
62-396 (B10) * + + + -
83-1-15 - - + -
2-12-10 - - + _
2-15-2 ** - + " _
3-4-7 - + + -
14-1 - + _ +
4-6-5 ** - + + -
2-9-102 * & " + _
Malus sieboldii (Regel) Rehder ** = + + -
16-1* + + + -
Gl6 - - + -
70-20-21 ** - - + n

Note / [Ipumedanue:

«-» - the absence of a marker / orcyTcTBHE MapKepa;

«+» — the presence of a marker / Hanuune Mapkepa;
* — the accession has three markers / Hasn4yue y o6pasia Tpex MapKepoB;
** — the accession has two markers / Ha;iu4ue y o6pasia ByX MapKepoB

metabolites of the causative agent of this disease. The main
goal of this work was to optimize the differentiating metab-
olite concentrations, which would be useful in future stud-
ies to rank apple genotypes according to the degree of their
resistance to E. amylovora. Leaf explants of the in vitro cul-
ture were used as model objects of the clonal rootstock
forms for which molecular analysis was performed.

For this work, samples were taken with different combi-
nations of the studied molecular markers: 54-118 had only
the microsatellite marker, 62-396 had all three markers,
14-1 had the microsatellite marker and the AE10-375 SCAR
marker.

As aresult of the study, it was found that it is advisable to
use the 20% concentration of E. amylovora metabolites, since
the studied forms in this variant of the experiment showed
the greatest differences. In other variants of the experiment,
the differences were within the error of the mean (Figure).

Since the absence of pathogen cells does not ensure the
action of type III bacterial secretion, in the context of this
experiment we should speak about the effect of nonspecific
toxins.

Among the studied genotypes, the 54-118 rootstock
proved to be unstable at different metabolite contents. On
amedium with the 20% concentration of bacterial metabo-
lites, its leaf explant damage had a high score, more than
thrice exceeding the reference value.

Forms 62-396 and 14-1 on media with the same content
of bacteria culture filtrate demonstrated slight differences
from the reference.

The data obtained are not final. Further experiments
are required, with an increased number of samples, on me-
dia with the 20% concentration of bacterial metabolites.

It should be noted that studies of other authors showed
similar results. The analysis of 31 Hungarian apple varieties

188
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Figure. The degree of necrotization in leaf explants of apple rootstock forms on media with different contents
of Erwinia amylovora (Burrill.) Winslow et al. metabolites:
I - reference; II - 5% metabolite concentration; III - 10% metabolite concentration; IV - 20% metabolite concentration

PucyHok. CTeneHb HEKPOTHU3aL MU JINCTOBBIX IKCIJIAHTOB MOABOWHBIX GOpPM A6JI0HU HA CpeAax
C pa3/IMYHbIM coJep:KaHueM MeTa60auToB Erwinia amylovora (Burrill.) Winslow et al.:
I - koHTpOJB, II - KOHLeHTpauus MeTa6oauTOB 5%; III - KoHILeHTpaus MeTa6oauToB 10%);
IV - koH1leHTpanus MeTa6oauToB 20%

made it possible to establish the presence of the marker
AE10-375 in most varieties, and GE-8019 in only half of the
genotypes.

The AE10-375 marker was also found in 22 hybrids our
of 32 ones obtained from crosses of two homozygous forms.
Testing plants with QTL markers under artificial infection
showed no clear correlation between the marker and the re-
sistance character (Téth etal, 2012). A different combina-
tion of markers GE-8019 and AE10-375 was observed in the
analysis of 31 apple cultivars developed in Kazakhstan.
Both markers were present only in two of them (Omasheva
etal, 2016).

As reported by the authors of the original publication,
the genes themselves can be damaged even in the presence
of two SCAR markers, due to the large size of the quantita-
tive resistance locus. Conversely, the absence of a marker
does not necessarily indicate gene damage or absence. In
addition, possible influence of the environment on the ex-
pression of quantitative resistance genes has been indica-
ted. It is also possible that the presence of resistance is de-
termined by effects of other QTLs.

The present research is preliminary and requires addi-
tions and extensions to the experiment in order to get
a deeper insight into the resistance of apple clonal root-
stocks to fire blight.

Conclusion

Thus, the results of molecular analysis and plant suscep-
tibility to metabolites of the fire blight pathogen of fruit
crops were compared. There was no clear relationship be-
tween the number of the present markers and the degree of
plant tissue necrosis in the tested forms. However, the stud-
ies had shown that the presence of the AE10-375 SCAR
marker and CH-F7-FB1 microsatellite in forms 62-396 and
14-1 provided the phenotypic manifestation of the resis-
tance to Erwinia amylovora metabolites.

The studies were carried out in the framework of the State
Task of the Ministry of Agriculture of the Russian Federation
for 2020 on the topic: “Selection of winter-hardy dwarf apple
clonal rootstocks using molecular markers and somatic tissue
culture in vitro” (No. AAAA-A20-120011690041-9) at the Cen-
ter for Collective Use “Crop breeding and production technol-
ogy, storage and processing of food products for functional
and therapeutic purposes” of Michurinsk State Agrarian Uni-
versity.

HccnedosaHus evinosHeHbl 8 pamkax ['ocydapcmeeHHozo
3adaHusi Munucmepcmea cesbckozo xo3sticmea PO Ha 2020 e.
no meme: «CeseKyusi 3UMOCMOUKUX CAABOPOCAbIX KAOHOBbIX
noosoes s16/10HU C UCNO/Ib308AHUEM MOJAEKYASIPHbIX MAPKe-
P08 U Ky/1bmypbl coMamuyveckux mkaHetl in vitro» (Ne AAAA-
A20-120011690041-9) na 6ase llenmpa Koa1/1eKMUBHO20 NOMb-
308aHus1 «CesieKyusl CeabCKOX035UCMBEHHbIX KYbMmyp U mex-
HO/02UU Npou3eodcmed, XpaHeHus U hepepabomku npodyk-
moe numaHusl YHKYUOHANbHO20 U JieuebHO-npoduiakmuye-
CK020 Ha3HauyeHusl» MuuvypuHckozo zocydapcmeeHHO20 ae-
pPapHO20 yHU8epcumema.
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