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ABSTRACT. One of the important diseases of cucumber, Cucumis sativus, is angular leaf spot (ALS) caused by
Pseudomonas syringae pv. lachrymans (Psl). Increased occurrence of this disease in cucumber field production
in Poland has caused significant losses over the last few years. The objective of this study was to estimate the
ALS resistance level in a RILs population under growth chamber conditions. The tested RILs population was
developed by crossing two inbred lines: Gy14 which shows tolerance to ALS and B10 which is susceptible to ALS.
Plants were inoculated by spraying with the highly virulent Ps/ strain 814/98, scored (1 to 9 scale), and disease
severity index (DSI) was calculated. Two types of reaction to Ps/ were observed, chlorosis on the leaves indicating
susceptibility and necrosis with a chlorotic halo indicating tolerance. The results showed that the RILs segregate
for ALS resistance/tolerance and thus the Gy14 x B10 RILs population is useful for further inheritance studies and

mapping of ALS resistance/tolerance genes.
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Introduction

Angular leaf spot (ALS) caused by the bacterium Pseudomo-
nas syringae pv. lachrymans (Psl) is one of the most important
diseases limiting production of field cucumber, Cucumis sativus L.
Typical ALS symptoms include vein-limited, water-soaked
lesions (with or without chlorotic halos) on leaves, which lat-
er become necrotic. Water-soaked lesions occur also on fruits,
causing the fruits to become misshapen thus resulting in yield
reduction (Bradbury 1986, Sherf and Macnab 1986). The first
reports describing ALS resistance in cucumber were published
by Chand and Walker (1964) and by Dessert et al. (1982).
Disease severity, observed in accordance with the number and
size of the lesions, differs among cucumber genotypes and has
been reported to be a polygenically inherited trait (Chand and
Walker 1964, Dessert et al. 1982). By self-pollination and se-
lection of the most resistant plants, Chand and Walker (1964)
accumulated genes conferring reduced severity, thereby increas-
ing the level of tolerance to Psl. Dessert et al. (1982) distin-
guished two types of reactions by cucumber plants to ALS based
on the symptoms: (1) the occurrence of chlorotic halos around
necrotic lesions typical of susceptibility and (2) the lack of chlo-
rotic halos typical of resistance or tolerance. The absence of
chlorotic halos was conferred by a single recessive gene ps/ (pl).
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Attempts to find molecular markers associated with ALS resis-
tance gene(s) were ineffective. The RAPD marker, OP-AO07,
linked to the locus responsible for the presence/absence of
chlorotic halos at a distance of 13 ¢cM, was identified by Ol-
czak-Woltman et al. (2009). The knowledge about inheritance of
tolerance/resistance to Ps/ and molecular markers linked to resis-
tance gene(s) are still limited. The objective of this study was to
estimate the Ps/ resistance level in a RILs population. The results
of the phenotypic evaluation in relation to ALS symptom type
will be useful for mapping cucumber gene(s) associated with
resistance or tolerance to this disease.

Materials & Methods

The bacterial strain and inoculum preparation

Previously, both virulence and genetic diversity of Pseudo-
monas sp. strains, collected at the Department of Plant Genet-
ics Breeding, and Biotechnology (Warsaw University of Life
Sciences, Warsaw, Poland), were studied (Olczak-Woltman et
al. 2007, Stomnicka et al. 2015a,b). Based on these studies,
the highly virulent Ps/ strain 814/98 was selected and used in
this study. Ps/ 814/98 was obtained from the Institute of Plant
Protection in Poznan (Poland). To prepare the inoculum, bac-
teria were grown on King B agar plates at 28 °C for 24 hours.
Bacterial colonies were suspended in sterile distilled water
and adjusted to OD, = 0.05 to be equal to a concentration of
10’CFU-ml™.
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Plant materials and plant inoculation

Recombinant inbred lines (RILs) of the F, generation were
tested for Ps! resistance. The RILs population was developed by
crossing two inbred lines: Gy 14 that exhibits tolerance to Ps/ and
B10 that is susceptible to Ps/. The F, seeds were kindly provided
by Prof. M.J. Havey (Univ. of Wisconsin, Madison, WI, U.S.A.)
and used further to develop F, generation progeny by self-pollina-
tion of individual plants at the Wolica experimental field (Depart-
ment of Plant Genetics, Breeding, and Biotechnology, Warsaw
University of Life Sciences, Warsaw, Poland). Cucumber plants
were grown in a growth chamber at 25 °C during the day and 22 °C
at night, with a 16 h photoperiod. For Psl/-resistance testing,
plants at the 2™ to 3™ leaf stage were inoculated by spraying the
abaxial side of each leaf with inoculum, according to Klement
et al. (1990). As a control, sterile water was used. Inoculated
plants were kept in darkness for 24 hours at 22 °C and relative
humidity of 100%, and then for 6 days under typical growth
conditions. After 7 days, inoculated leaves were visually scored
using a nine-degree rating scale (Jenkins and Wehner 1983) and
disease severity index (DSI) was calculated. Each tested line was
represented by 16 plants (four replications of four plants in each
replication).

Results & Discussion

Parental lines and 110 RILs of the Gy14 x B10 population
were characterized for Ps/ resistance. Two types of reaction
were observed. B10 was characterized by widespread, water-
soaked, angular chlorosis that later became necrosis on leaves.
Bacterial exudates on petioles and leaves were also observed.
The symptoms covered 50 to 75% and very often even 87% of
the leaf surface. The mean DSI of B10 was 4.0. On the leaves
of Gy14, small necrotic spots and very limited bright chlorosis
were observed. The symptoms appeared on 8 to 25% of the leaf
surface and mean DSI was 6.4 (Table 1, Figure 1).

The ALS symptoms observed on Gyl4 plants were similar
to a hypersensitivity response (HR). Generally, HR is initiated
in plants as necrotic lesions in the locally infected tissue and is
accompanied by the accumulation of salicylic and jasmonic acids
(Yang et al. 2013). The obtained results corresponded well with
a previous study aimed at identifying susceptible and tolerant
standard lines for Ps/ testing, the DSI for B10 and Gy14 lines
being 3.5 to 3.8, and 6.2 to 6.3, respectively (Olczak-Woltman
et al. 2008). Among the RILs, two groups were distinguished:
tolerant RILs resembling Gyl4 (“Gyl4 type”) and susceptible

Table 1. Discase severity index (DSI) in the Gyl4 x B10 F, RILs cucumber population and its parents infected with

Pseudomonas syringae pv. lachrymans.

DSI range of mean
ALS resistance type ~ Number of lines — £ - DSI mean Star'lde.lrd
minimum maximum deviation
Gyl4 Maternal line 6.0 6.8 6.4 0.49
B10 Paternal line 33 4.5 4.0 0.61
Gyl4 type 58 5.5 6.8 6.1 0.29
B10 type 52 3.0 5.0 4.3 0.45
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Figure 1. Distribution of disease severity index (DSI) in the Gy14 X B10 F, RILs population infected with Pseudomonas syringae pv. lachrymans.
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RILsresembling B10 (“B10 type”). The DSI of lines characterized
as “Gyl4 type” and “B10 type” ranged from 5.5 to 6.8 and from
3.0 to 5.0, respectively (Table 1, Figure 1). A similar distribution
of DSIs in this population was estimated previously at the F,
generation level (Stomnicka et al. 2015a,b), and it indicates that
the RILs of the Gy14 x B10 population are stable and possess
a high degree of homozygosity.

The second important indication of cucumber resistance to
Psl is presence or absence of a chlorotic halo. The chlorotic halo
in B10 and “B10 type” RILs was always present. In Gyl4 and
“Gyl4 type” RILs, limited chlorosis and lack of halos were ob-
served. Among 110 RILs, 51 did not possess chlorotic halos, like
Gyl4, while 58 lines classified as “B10 type” were susceptible,
with intense chlorotic halos. One RIL possessed intermediate
symptoms. Earlier, Dessert et al. (1982), based on genetic anal-
ysis (F, F,, BC, and F,), indicated that the lack of halos in re-
sistant plants is conferred by a single recessive gene, ps/ (pl),
but the number and size of lesions may be controlled by two or
more genes (Dessert et al. 1982). Olczak-Woltman et al. (2009),
from the cross of B10 x H603 (F,, BC, and BC)), confirmed this
type of inheritance. A recessive mode of inheritance of disease
resistance in cucumber was also reported for downy mildew
(dm gene) and powdery mildew (pm gene) (Fujieda and Akiya
1962, van Vliet and Meysing 1977). However, according to re-
cent studies, resistance to downy mildew and powdery mildew is
determined by multiple recessive genes (He et al. 2013, Zhang et
al. 2013). The phenotypic characterization of the mapping pop-
ulation Gy14 x B10 showed that RILs segregate for ALS resis-
tance type and thus this population can be useful for further in-
heritance studies and mapping of Ps/ resistance/tolerance genes.
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