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In this study 64 yeast isolates were isolated from natural sources, out of them 6 red
yeasts were selected and named as AUN-F1, AUN-F4, AUN-F5, AUN-F7, AUN-F38 and
AUN-F55. The selected isolates were screened for their antagonistic property against
pathogenic bacteria that caused postharvest diseases. The isolate AUN-F55 recorded the
highest inhibition zone against Erwinia carotovora it was 12.67mm and isolate AUN-F5
was the lowest with inhibition zone 8.67mm. The isolate AUN-F7 recorded the lowest
inhibition zone against Erwinia chrysanthemi it was 10.33mm. RAPD-PCR fingerprinting
was carried out for the six isolates, and the DNA patterns revealed that there is no
correlation between the RAPD profile and geographic origin sites where these isolates
were collected from.
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Introduction

Rhodotorula is a genus of yeasts, color classified in the
phylum Basidiomycota, family Sporidiobolaceae, subfamily of
Rhodotorulalodeae and class Microbotryomycetes. These are found
from widely varying environmental sources ranging from extreme
climates of deep-sea vents to arctic cold deserts [1-3] from the oil,
air, or as organisms associated with plants. All of Rhodotorula yeasts
produce carotenoids, and their colonies develop a characteristic
salmon pink color [4, 5]. Rhodotorula species also play a role in
the market of biocontrol agents, also known as antagonistic yeast.
Significantlosses in harvested fruit occur from decay by filamentous
fungi such as Botrytis cinerea and Penicillium expansum [6]. In
order to replace or augment chemical fungicides, biological control
agents have been studied heavily the past two decades, with some
yeast-based biocontrol products commercially available for specific
commodities [7]. The ability to control different rots, on different
fruits/vegetables, is still an important goal when developing
postharvest biocontrol products. Therefore, antagonistic yeasts
continue to be an active area of research, and several Rhodotorula

species have shown promise in this field. Therefore, this study aims
to isolate and purify of yeast strains from natural sources, evaluate
and screen of red yeast isolates for control of postharvest pathogens
bacteria. Finally, discrimination at the molecular level within
selected red yeast isolates using random amplified polymorphic
DNA (RAPD)-PCR fingerprinting was determined.

Materials and Methods
Sampling, Yeast Isolation and Purification

Fruit, vegetable, juices and soil samples were collected from
different farms and local markets in Assiut, Egypt. Isolation was
performed on autoclaved yeast extract peptone dextrose (YEPD)
agar according to [8] One gram of each sample was placed in a
conical flask containing 50mL sterile distilled water and shaken
for 30 min. Then, 0.1mL aliquots of the suspension were spread
on agar plates and incubated at 28 °C for 48-72h. After incubation,
individual colonies were selected randomly according to their
different color and morphological characteristics and were purified
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by single colony isolation after triple restreaking on the same
medium. Finally, each pure culture was preserved in slants of the
medium at 4 °C for further use [9].

Pathogenic Bacteria

Pathogenic bacteria were brought from the Department of
Plant Pathology, Faculty of Agriculture, Assiut University, Egypt.

Antimicrobial Activity Assay

YPDA medium solidified with 1.0% agar was used for the
agar diffusion assay. The medium pH was adjusted to 5.0 or 6.0.
After autoclaving at 121 1C for1l5 min, the medium was cooled
to 40 1C in a water bath. One of each bacteria was cultivated into
15ml YPDA medium and was incubated at 28 °C for 24h, then,
they were swept separately onto YPDA plates using sterile swabs.
From the previously prepared yeast agar plates, few yeast colonies
were carefully picked up using platinum loop and spotted at the
pathogen-inoculated plates. The plates were incubated at 27 C for
48-72 h and the width of the inhibition zones was measured. Sterile

water spotted in the plates with the pathogen was used as control.

RAPD-PCR Fingerprinting
Isolation of Genomic DNA from Yeast

The extraction of total yeast genomic DNA was performed
according to the procedures described by Hesham [10].

Polymerase Chain Reaction (PCR) Amplification for
RAPD

To study the genetic differences and relationships among six
yeast isolates, five RAPD-PCR primers OPA-2, OPA-3, OPA-9, OPA-11
and OPA-15 were used [11]. PCR was performed in a final volume
of 25ul containing GoTaq (Promega, Madison, WI, USA) green
master mix, 1pl DNA sample and 2.0pl primer. The amplification
reactions were carried out in a thermocycler under the following
conditions for RAPD-PCR: initial denaturation at 94 °C for 5 min,
followed by 45 cycles of 92 2C for 1 min, 36 2C for 1 min, 72 °C for
2 min, and a final extension at 72 °C for 10 min and subsequently
cooled to 4 °C. Five pl of the amplified products were then analyzed
using 1.5% 0.5xTBE agarose gel electrophoresis. The gel was
stained with ethidium bromide 0.01%, visualized under UV light
and photographed. The molecular sizes of DNA fragments were

obtained with comparison with a 100-bp molecular marker.

RAPD Analysis

All the fragments generated by RAPD-PCR using the primers
were considered and analyzed separately for determining the band
types. The size of each band was determined using Kodak Digital
Science 1D (KSD1D 2.0, Rochester, USA) software and the presences
(1) or absences (0) of a band were recorded to generate a binary
table. The data tables were export into the NTSYS-pc software [12]
for analysis. The normalized RAPD patterns were further analyzed
using Gel compare Il version 2.5 (Applied Maths, St Martens-Latem,
Belgium).

The levels of similarity in the RAPD was calculated using
Pearson’s correlation coefficient. Cluster analysis was performed
using the unweighted pair group method with arithmetic mean
(UPGMA) method. The relationships between the pattern profiles
are displayed as dendrograms and expressed as percentage
similarity. The numerical discriminatory index (D) which is a
measure of the discriminatory ability of the typing methods was
calculated according to [13].

Statistical Analysis

Each treatment was carried out 3 replications. The experiment
designed with randomized complete design. All the data were
subjected to Analysis of Variance (ANOVA) using Cost at package
version 6.311. The means were compared according to Duncan’s
multiple range tests at P <0.05 [14].

Result
Yeast Isolation and Characterization

In this study 64 yeast strains were isolated from different
natural sources in the Assiut region, Egypt, and purified by single
colony isolation after triple re-streaking on YEPD agar plates, out
of them 6 red yeast. Colony surface (smooth), margin (undulating),
elevation (convex), and color (red) of the yeast isolates were
recorded.

Antimicrobial Activity Test

All yeastisolates were screened by agar diffusion assay for their
antagonistic property against E-rwinia carotovora and Erwinia
chrysanthemi. 36 out of the 64 isolates (56. 25 %) Inhibited E.
chrysanthemi growth and 25 out of the 64 isolates (39.06%)
Inhibited the growth of E. carotovora (Figures 1-2) all genera
identified induced a clear inhibition zone, which indicated that
these yeast isolates exhibited antagonistic activity. Out of them 13
have higher 1Z values. Six of 13 yeast isolates were Rhodotorula
ssp (Tablel). The others failed to induce antisporulant activity on
bacteria.

Table 1: The inhibition zone of Rhodotorula ssp. IZ indicates the
inhibition zones between the yeasts and the bacteria. The results
are presented as the mean * standard deviation.
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E. carotovora E.chrysanthemi
Isolates ID
Meant SD Meant SD

AUN-F1 11.33 £1.53d 13.00£2.65 d

AUN-F4 9.67+1.53d 13.00£2.00d

AUN-F5 8.67+1.15e 13.00+2.00d

AUN-F7 9.67+1.53d 10.33+#1.15d

AUN-F38 10.00+0.00d 12.67+3.79d

AUN-F55 12.67+1.53d 13.00+1.73d
LSD (0.05) = 2.429 4.041
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Figure 1: In vitro test of antagonism of red yeast isolate towards E. chrysanthemi using the spot method on YPDA plates.
Pictures taken 24 hours after incubation of yeast with the pathogen. (A)Control E.chrysanthemi, (B,C and D) Rhodotorula ssp.

Figure 2: In vitro test of antagonism of yeast isolate towards E. chrysanthemi using the spot method on YPDA plates. Pictures
taken 24 hours after incubation of yeast with the pathogen. (A) Control E carotovora, (B, C and D) Rhodotorula ssp.
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Genetic Differentiation by RAPD-PCR Fingerprinting
Technique
The six antagonistic red yeast strains were selected for analysis

by RAPD-PCR fingerprinting to examine differentiation at the
molecular level using the five random ten-mer primers. The results

F38 P35 ™

elucidated that the number of amplified fragments for each primer
varied between 5 and 10 fragments, as in Table 2, and their sizes
ranged from 40 to 1400bp based on Figure 3, Table 2 showed also
that the total number of bands was 3, whereas the polymorphism
percentage was (82.93%).

Figure 3: Agarose gel electrophoresis of RAPD products by OPA-2, OPA-3, OPA-9, OPA-11 and OPA-15 primers.

Table 2: Polymorphism obtained by RAPD analysis among wild red yeast isolates.

Primer Number of bands (a) Number [:)af I:t(;(s)?l;))morphic Numbex;) (;fl ;()its)l();;norphic Polymo;;())l(;io;m -c/a*
OPA2 10 4 6 60%
OPA3 9 3 6 60%
OPA9 9 0 9 100%
OPA11 8 0 8 100%
OPA15 5 0 5 100%
Total 41 7 34 82.93%

Genetic Similarity Matrix and Cluster Analysis

Data of the presence / absence of DNA fragments (markers)
phenotypically analyzed using MVSP program of [15], and pair-
wise comparisons between the tested isolates of yeast were used
to calculate the genetic similarity. Then, based on the calculated
genetic similarity presented in Table 3. The results in Table 3,

revealed that the lowest genetic similarity was noticed between

strains AUN-F1 and AUN-F4 with AUN-F5 (46.2%), while the highest
rate was noticed between strains AUN-F38 and AUN-F55 (82.4%).
Consequently, all six strains of red yeasts were regrouped in three
main clusters (Figure 4). Based on the dendrogram in Figure 4,
three strains, AUN-F1, AUN-F38 and AUN-F55 were included in one
cluster, while isolates AUN-F5 and AUN-F7 were in the other cluster.

Contrastingly, AUN-F4 was placed in a separate cluster.

Table 3: Genetic similarity values calculated from the DNA fragments amplified from six red yeast isolates using five RAPD primers.

Isolates AUN-F1 AUN-F4 AUN-F5 AUN-F7 AUN-F38 AUN-F55
AUN-F1 1
AUN-F4 0.643 1
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AUN-F5 0.462 0.462
AUN-F7 0.5 0.55 0.627 1
AUN-F38 0.667 0.545 0.682 0.711 1
AUN-F55 0.759 0.552 0.6 0.634 0.824 1
AUNFL
|—.u'.\'-m
L_u'_\' F55
AUN.FS
AUNF?
AUN-F4
DIAJ G.IGD D.'H \'I.LS U.'IJ

Figure 4: Dendrogram demonstrating the relationship among the sex isolates of yeast AUN-F1, AUN-F4, AUN-F5, AUN-F7,
AUN-F38 and AUN-F55 based on data recorded from polymorphism of RAPD markers.

Discussion

In this study, we investigated the inhibition effects of red
yeast (Rhodotorula spp.) antagonists against E. carotovora
and E. chrysanthemi, that causal agent of soft mold disease of
potatoes, onions, carrots and other vegetables. An antagonistic
Rhodotorula strain has been reported as an effective biocontrol
agent against postharvest decay of apples, pears, sweet cherries,
and oranges. Rhodotorula glutinis is an effective biocontrol agent
against postharvest fungal spoilage of apples [16] pears [17]
oranges [18] sweet cherries [19] as well as strawberries [20].
Biocontrol efficacy was enhanced with the addition of salicylic acid.
Rhodotorula mucilaginosa is a strain of antagonistic yeast which
was isolated from the soil sample of an unsprayed orchard by
our research team. Our research team found that R. mucilaginosa
showed biocontrol efficacy against blue mold and gray mold of
apples caused by P. expansum and B. cinerea respectively [21]. The
phylloplane yeast Rhodotorula mucilaginosa has been reported
to control B. cinerea on geranium seedlings in combination with
fungicides [22]. Rhodotorula minuta is reported as an antagonistic
microorganism of the pathogen C. gloeosporioides. The proposed
antagonistic mechanism of R. minuta is by competition for space
and limited resources as no inhibition zone was observed near to
the antagonistic colonies [23]. Biocontrol can also be applied by
means of ‘killer’ activity, since R. glutinis and R. mucilaginosa have
these effects on other microorganisms. Species representative
of Rhodotorula are known to have ‘killer’ activity against most
ascomycetous and basidiomycetous species. In addition, R. glutinis

produces antibacterial compounds inhibitory to both Pseudomonas

fluorescens and Staphylococcus aureus. Rhodotorula colostri
produces and excretes an extracellular toxin, mycocin, which is

lethal to other sensitive yeast strains [24].

For genetic differentiation, RAPD analysis was applied with
the six red yeast strains (AUN-F1, AUN-F4, AUN-F5, AUN-F7,
AUN-F38 and AUN-F55). RAPD analysis compares the whole
chromosomal DNA displaying bands of genotypically specific
values and is fast and trustworthy [25]. This technique uses short
(5-10 mer) oligonucleotide primers with arbitrary sequences
at low annealing temperatures that hybridize at loci distributed
randomly throughout the genome, allowing the amplification of
polymorphic DNA fragments [26]. RAPD results displayed various
RAPD patterns, which indicated that the 6 yeasts: AUN-F1, AUN-F4,
AUN-F5, AUN-F7, AUN-F38and AUN-F55 were various from
each other could be distinctly separated by their RAPD patterns.
According to [18], OPA-2, OPA-3, and OPA-9 were the best primers
to discriminate yeast strains. The RAPD-PCR technique has been
to distinguish between strains or subspecies of microorganisms
[27]. Although the isolates AUN-F4 and AUN-F5 were obtained
from the same location (Sahel slim), the dendrogram and genetic
similarity regrouped these isolates in different clusters that
were distinguished from each other. By contrast, despitestrains
AUN-F5 and AUN-F7 being isolated from different locations (Sahel
slim and Assiut city respectively), the results regrouped these
yeasts in the same cluster. Therefore, there was no correlation
between the RAPD patterns and the geographical origin of these
strains which was in agreement with our previous work in bacterial
isolates [28]. Our results using RAPD markers are similar to those
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previously reported [29,30]. They showed that the RAPD-PCR
technique is useful for yeast strain identification, discrimination
and estimation of the genetic diversity [31].
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