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Ribonuclease activity as a new prospective
disease resistance marker in potato

E.A. Trifonova®), S.M. Ibragimova, O.A. Volkova, V.K. Shumny, A.V. Kochetov
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Disease resistance is an important characteristic for each variety of
potato, and the search for pathogen resistance markers is one of
the primary tasks of plant breeding. Higher plants possess a wide
spectrum of enzymes catalyzing the hydrolysis of nucleic acids; it
is believed that protection against pathogens is the most probable
function of the enzymes. RNases are actively involved in several
immune systems of higher plants, for example, systemic acquired
resistance (SAR) and genetic silencing, hence RNase activity in
plant leaves, as a relatively easily measured parameter, can serve
as a good marker for the selection of pathogen resistant varieties.
We have analyzed sixteen varieties of potatoes permitted for use
on the territory of the Russian Federation and tested the correla-
tion of the level of variety-specific ribonuclease (RNase) activity
with such economically valuable traits as maturity and resistance
to viruses, late blight and common scab. In general, the level of
RNase activity was variety-specific, which was confirmed by very
small values of average squared error for the majority of tested
varieties. We have detected a statistically significant positive corre-
lation of RNase activity in potato leaves with increased resistance
of varieties to phytopathogenic viruses, a negative correlation with
resistance to scab and an absence of a significant connection with
maturity and resistance to late blight, regardless of the organ af-
fected by the oomycete. Thus, the level of RNase activity in potato
leaves can be used as a selective marker for resistance to viruses,
while varieties with increased RNase activity should be avoided
when selecting resistance to scab.

Key words: Solanum tuberosum; phytopathogenic viruses; late
blight; common scab; RNase activity.
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Pu6oHyKIea3Hast aKTUBHOCTh
KaK IMOTeHIMaJIbHbI HOBBIN
MapKep YCTOMUMBOCTU

K puTomaToreHam y Kaprodesist

E.A. Tpudounosa®, C.M. Vbparumosa, O.A. Boakosa,
B.K. lllymupit, A.B. Kouetos

DefiepanbHblii NCCNIEROBATENBCKNI LLEHTP VHCTUTYT Lutonorum
1 reHeTnKn CbrpcKoro oTaeneHnsa PoCCincKom akagemm Hayk,
HoBocnbupck, Poccus

YcToNumMBOCTH K drTONaToreHam ABAAETCA BaXKHOM Xa-
paKTePUCTUKON ANA Kaxk[oro copta Kaptodens, a nonck
MapKepoB YCTONYMBOCTU K MaToreHam — ogHa 13 npu-
OPUTETHbIX 3afiay ceneKkLuny pacTeHnin. Beiclume pacteHma
o6nafaloT WPOKUM CNeKTPOM GEePMEHTOB C HYKNeasHow
AKTUBHOCTbI0. OCHOBHOV Hanbosnee BepoATHON dyHKLMeR
3TMX GepPMEHTOB CUMTAETCA 3aLUWTa PacTEHMI OT naTore-
HoB. PHKa3bl akTMBHO y4acTBYIOT B IMMYHHbIX CMCTEMaX
pacTeHwui, HaNnpUMep TakKX, Kak CMCTEMHasA NPUoBpeTeH-
HaA yCTOMYMBOCTb M FeHeTUYECKINIA CaliNIeHCUHT, Cneao-
BaTenbHo, PHKa3Haa akTMBHOCTb B NMNCTbAX PacTEHUN,
KaK OTHOCUTEJIbHO JIErKO M3MepPAEMbI NapamMeTp, MoOXeT
CIYXWTb XOPOLLIMM MapKepoMm AnA oTbopa yCToNYMBbIX

K naTtoreHam copToB. B HacToAwweln paboTe npoaHann3u-
pOBaHbI WeCTHaALaTb COPTOB KapTodens, BKIOUEHHbIX B
focynapCTBEHHDBIV peecTp CeneKUNOHHbIX BOCTVIXKEHW,
[OMYLLEHHBIX K MCMOMb30BaHI0 Ha TeppuTopun Poccuii-
ckorn Oepepauun. MpoBepeHa KoppenAaums ypoBHsA prbo-
HyKkneasHom (PHKa3Ho) akTMBHOCTIN COPTOB C TakMU
XO3ANCTBEHHO LIeHHbIMM NPU3HaKaMK, Kak CPOKM co3pe-
BaHUA N YCTONYMBOCTb K BUpycam, dutodTope 1 napiue
06blKHOBEHHOW. B Lleniom yposeHb PHKa3Hom akTnBHOCTU
oKasanca coptocneyndryHbIM NapameTpom, YTo Obino
NOATBEPKAEHO OYEHb MasibIMU 3HAUYEHUAMYN CPeAHeN
KBaAPaTUYHON OWMOKM ANA GONbLUMHCTBA TECTUPYEMbIX
copToB. BbiABNEHa cTaTUCTUYECKM 3HaUMasA NO3MTUBHAA
Koppenauna PHKa3HOM akTUBHOCTM B INCTbAX KapTodensa
C NMOBbILLEHHON YCTONYNBOCTbIO COPTOB K pUTONATOreH-
HbIM BPYCaM, HeraTMBHas KOpPenaumna C yCToNYMBOCTbIO
K napLue 06bIKHOBEHHOM 1 OTCYTCTBME 3HAUMMOW CBA3N C
YCTONUNBOCTBIO K GUTOHGTOPO3Y BHE 3aBUCUMOCTU OT Op-
raHa, nopaaemoro oommeTom. Takum ob6pa3om, ypoBeHb
PHKa3HO akTMBHOCTY B IUCTbAX KapTodensa MOXeT ObiTb
MCMOMb30BaH Kak CeNeKTUBHbIA MapKep YCTOMUYMBOCTY K
BMPYCaM, B TO BPeMsA Kak Npu Cenekummn ycTonumBocTu K
napLue COpToB ¢ nosbilweHHo PHKa3HOM akTMBHOCTbIO
cnepyet nsberatb.

KntoueBble cnosa: Solanum tuberosum; pnboHykneasHas
aKTMBHOCTb; GUTOMATOreHHble BUPYChI; GUTODTOPO3;
napLua o6bIKHOBEHHaA.



of non-cereals, annually more than 300 million tons of

potatoes are produced in the world, and about 1 billion
people consider potatoes to be the basis of their diet (Barrell et
al., 2013). Currently, more than 3000 varieties of potatoes are
grown in 60 countries of the world with different resistance to
pathogens and unfavorable climatic conditions, with different
taste and maturity. Resistance to late blight, viral infections
and other phytopathogens is an important characteristic for
each variety of potato, and the search for pathogen resistance
markers is one of the primary tasks of plant breeding and
genetics. It is known that higher plants have a large spectrum
of enzymes with nuclease activity, 16 ribonucleases (RNase)
with a molecular weight from 9 to 41 kDa in Arabidopsis
thaliana (Yen, Green, 1991), 15 RNase in wheat and 14 RNase
in barley with molecular weights from 16.3 to 40.1 kDa (Yen,
Baenziger, 1993). Several RNase were detected in wild potato
Solanum chacoense (Qin et al., 2005) in connection with stud-
ies of the mechanisms of gametophytic self-incompatibility
in Solanaceae, but a systematic study of RNase activity in
potatoes has not yet been carried out.

Although the specific functions of each plant RNase are
only clarified, it is believed that protection from pathogens
is the most likely function of these enzymes in higher plants
(Kao, McCubbin, 1996). It was reported that RNase activity
was higher in diseased plants (Green, 1994; Lusso, Kuc, 1995;
Galiana et al., 1997; Hugot et al., 2002). Wounding, senes-
cence, and phosphate starvation also cause induction of RNase
expression (Galiana et al., 1997; Lers et al., 1998; Kurata et
al., 2002). The direct involvement of phosphate starvation-
inducible RNase in the acquired resistance to Phytophthora
parasitica was shown in N. tabacum (Galiana et al., 1997;
Hugot et al., 2002). Previously, we have demonstrated that
the transgenic plants with an increased level of RNase activity
were more resistant to at least two different unrelated viruses
(Trifonova et al., 2007b; Sugawara et al., 2016). For buck-
wheat varieties with different resistance to the buckwheat burn
virus (BBV), a positive correlation between resistance to virus
and RNase activity was shown, the authors have analyzed two
varieties, Roksolana and Kara-Dag (Sindarovska et al., 2014).

In the present work, we have analyzed sixteen varieties of
potatoes presented in the State Register of Selection Achieve-
ments Admitted to Use in the Russian Federation and tested
the correlation of ribonuclease activity level of varieties with
such economically valuable features as maturity and resistance
to viruses, late blight and common scab.

P otatoes are the third most important crop and the first

Materials and methods

Plants material. Thirteen potato varieties were used from the
in vitro collection of the Genetic engineering laboratory of the
Instite of Cytology and Genetics of the SB RAS (Novosibirsk)
and three potato varieties of the Siberian selection (Tuleevskiy,
Kemerovchanin and Safo) from the in vitro variety collection
of Bio Collection Center “GenAgro”. The original plants free
from viral and viroid infections were cultivated in sterile con-
ditions in vitro, at a temperature of 20+2 °C in the daytime
and 1842 °C at night, with an illumination of 8.000 lux. To
prepare the material, apical shoots measuring 2.5-3 cm in
length were placed in test tubes 200 x 23 mm and cultured on
Murashige and Skoog medium (Murashige, Skoog, 1962). To
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the main medium of Murashige and Skoog, 20 g/L of sucrose
and 6 g/L of agar were added and cultivated for three to four
weeks, until the plants were formed. The tubes were covered
with cotton-gauze stoppers. For each variety, no less than 5 test
plants were grown in each experiment. All procedures for the
cultivation of the starting material were carried out according
to generally accepted procedures (Pershina, 2005).

Ribonuclease assay. For one RNase activity measurement,
leaves from the entire 4-6 weeks old potato plant grown
in vitro under standard conditions were used. The level of
RNase activity in crude leaf extracts of plants was evaluated by
the change in the amount of acid-soluble matter in total yeast
RNA (Trifonova et al., 2007b). Leaf tissue 1 g, was ground
in liquid nitrogen, suspended in 1 ml of 50 mM Tris—HCl
(pH 7.0) and centrifuged for 10 min (12.000 g, 4 °C). The
total protein was assayed in the supernatant according to
Bradford (Bradford, 1976). The extracts, containing 25 g of
total protein, were added to the reaction mixture containing
0.4 % total yeast RNA, 0.1 % bovine serum albumin, and
0.1 M Tris—HCI (pH 7.0). The total volume of the reaction
mixture was 300 ul. The reaction was stopped by adding
1 ml of 3.4 % HCIO,. The test tubes were cooled at 4 °C for
10 min and centrifuged at 12.000 g and 4 °C for 5 min. The
optical densities of the supernatants were measured at 260 nm
relative to the control (reaction mixture without leaf extract).

To assess the correlation of the level of RNase activity in
varieties with economically valuable traits, we adopted the
following notation: 1 — the cultivar is resistant to late blight
or viruses (resistance index 69 at http://www.kartofel.org/
cultivars/main_cult/sorta.htm) or the “+” sign in the World
Catalogue of Potato Varieties (Hamester, Hils, 2004) for one
or more viruses, 0 — the variety is susceptible (resistance
index 1-5 or “~” in the above catalogue). We considered in
our study only potato viruses with ssSRNA genomes, such as
PVX,PVY, PVM, and PVS. For the maturity period, we took
the “1” for late and the medium maturity, and “0” for early.
Parameters of varieties and RNase activity in leaf extracts are
shown in Table 1. The evaluation of the direction and tight-
ness of the relationship of the parameters was made using the
Pearson’s parametric correlation criterion.

Results and discussion

Potato varieties differ among themselves for a large number of
characteristics, starting from the shape of the tuber and taste
qualities and ending with resistance to phytopathogens. In our
previous research of the expression of heterologous nucleases
in transgenic plants, we noticed that different potato varieties
have different intrinsic levels of RNase activity (Trifonova
et al., 2004). In this study, we first assessed this level for
16 varieties listed in the Federal State Register of Breeding
Achievements Admitted to Use in the Russian Federation
(2017) and checked whether the level of RNase activity is
related to some important agricultural characteristics such as
maturity, potato resistance to viral diseases, late blight and
common scab.

The results of RNase activity measurements in leaf extracts
of different potato varieties are shown in Table 1. Note that,
in general, this feature is variety-specific, which is confirmed
by very small values of average squared error for the major-
ity of tested varieties. The highest average squared error was
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Table 1. RNase activity in leaves and agriculturally valuable parameters of potato varieties

ID RNase activity

Maturity

Late blight tubers

Late blight leaves Viruses Common scab

Notes: RNase activity is presented as optical density at 260 nm.

Table 2. Interrelation of RNase activity with pathogen resistance in potato (Pearson correlation)

Pearson’s Maturity Late blight tubers
correlation parameter

r 0.1758 0.2923

p 0.531 0.290

recorded in the Tuleevskiy variety, which also proved to be
the most variable in the number of shoots formed per explant,
which, apparently, is due to the genetic characteristics of the
variety (Ibragimova et al., 2018).

RNases are actively involved in several immune systems
of higher plants, for example, systemic acquired resistan-
ce (SAR) and genetic silencing (Trifonova et al., 2007a), hence
RNase activity in plant leaves, as a relatively easily measured
parameter, can serve as a good marker for the selection of
pathogen resistant varieties. Most of all, we were interested in
the correlation of the level of RNase activity with resistance
to the late blight of tubers and leaves, the general increased
resistance to viruses and common scab. The results of the
correlation analysis are presented in Table 2.

We found a statistically significant positive correlation of
RNase activity in potato leaves with increased resistance of
varieties to phytopathogenic viruses (» = 0.7590, p = 0.001).

It was hypothesized that RNase activity may play a protec-
tive role in plants (Green, 1994; Galiana et al., 1997; Trifonova
et al., 2015), RNase activity increases in diseased plants
(Green, 1994; Lusso, Kuc, 1995; Galiana et al., 1997; Hugot
et al., 2002; Sindelafova et al., 2002), and injury causes an
increase in this activity in tobacco (Kurata et al., 2002) and
tomato (Lers et al., 1998). Among the 17 identified proteins
associated with pathogenesis (PR proteins), some of the PR-4
and PR-10 proteins are nuclease (Van Loon et al., 2006).

CeneKkuyma pacteHuii Ha UMMYHUTET

Late blight leaves Viruses Common scab
0.1695 0.7590 -0.5388
0.546 0.001 0.106

Previously, we have demonstrated that elevated extracel-
lular RNase activity in the transgenic tobacco modulates the
resistance of these plants to phytopathogenic viruses, with
an increase in resistance proportional to the level of RNase
activity (Trifonova et al., 2015; Sugawara et al., 2016). The
molecular mechanisms of RNase antiviral effects are still
poorly understood. It may be hypothesized that higher level of
nuclease activity provides for plant DNA fragmentation during
the hypersensitive response or direct pathogen DNA/RNA
degradation (Kim et al., 2011), while lower level of nuclease
activity or binding without hydrolytic activity explores alter-
native mechanisms, such as binding DNA/RNA of pathogens
and interfering their life cycles (Zhang et al., 2001). However,
the level of resistance provided by the second method is lower,
as we showed earlier (Trifonova et al., 2015) and most likely
does not protect varieties with low RNase activity in the leaves
from viruses in the field.

We did not find a statistically significant correlation of
the RNase activity in leaves with resistance to late blight of
tubers and leaves, as well as the maturity of various potato
varieties. RNases involvement in resistance to Phytophthora
parasitica var. nicotianae was proved by Galiana et al. (1997)
who demonstrated that induction of SAR with elicitin is ac-
companied by a rapid induction of RNase activity and by the
increase in the activity of at least two different extracellular
RNases. Moreover, exogenous application of RNase activity
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RNase activity in leaves of potato varieties.
RNase activity is presented as optical density at 260 nm.

in the extracellular space of leaves led to a reduction of the
fungus development by up to 90 %, independently of any
elicitin treatment and in the absence of apparent necrosis. We
assume that the lack of a link between the RNase activity level
and the resistance to late blight in potato is due to the insuf-
ficiently high level of the activity in the analyzed varieties.
This assumption is supported by the fact that Lugowskoy with
the highest level of all the varieties studied is characterized by
increased resistance to both viruses and late blight of tubers
and leaves (Figure).

One of the unexpected results of our study was a statistically
insignificant negative correlation of the level of RNase activity
in leaves with resistance to common scab. The main causative
agent of this disease is the soil bacterium Streptomyces scabies,
which affects only tubers (Lerat et al., 2009), therefore, the
level of RNase activity in leaves could not impact significantly
the infection process. A negative correlation may also be due
to the fact that plants with a higher RNase activity are less
affected by other types of pathogens and S. scabies appears in
more favorable competitive conditions. However, for a final
conclusion on the effect of RNase activity on the resistance
to common scab in potato, more data on resistant varieties is
needed, since this type of resistance is very rarely reflected
in potato catalogues, despite meaningful crop losses due to
infection with the pathogen. Thus, of the 16 varieties studied
by us, only 10 of them, we were able to find information on
scab susceptibility.

Thus, the level of RNase activity in potato leaves can be
used as a prospective selective marker for resistance to vi-
ruses, but a systematic study of pathogenesis-related RNase
activities in potatoes is needed to find out the specific genes
responsible for the function. To create late blight resistant
varieties, in our opinion, a greater increase in RNase activity
is required than classical methods of selection can provide, and
perhaps the best results will be achieved through the methods
of transgenesis or editing of the potato genome (Korotkova
etal., 2017).
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