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Lettuce (Lactuca sativa L.) is a major ingredient used in many food recipes in South Korea.
Lettuce samples were collected during their maximum production period between April
and July in order to investigate the microbiota of lettuce during different seasons. 16S
rRNA gene-based sequencing was conducted using Illumina MiSeq, and real-time PCR was
performed for quantification. The number of total bacterial was greater in lettuce collected
in July than in that collected in April, albeit with reduced diversity. The bacterial
compositions varied according to the site and season of sample collection. Potential
pathogenic species such as Bacillus spp., Enterococcus casseliflavus, Klebsiella pneumoniae, and
Pseudomonas aeruginosa showed season-specific differences. Results of the network cooccurrence analysis with core genera correlations showed characteristics of bacterial
species in lettuce, and provided clues regarding the role of different microbes, including
potential pathogens, in this microbiota. Although further studies are needed to determine
the specific effects of regional and seasonal characteristics on the lettuce microbiota, our
results imply that the 16S rRNA gene-based sequencing approach can be used to detect
pathogenic bacteria in lettuce.
Keywords: Lettuce, foodborne illness, 16S rRNA gene, bacterial diversity

Introduction
Lettuce (Lactuca sativa L.) is one of the most common
crops in the world, and is also widely consumed in South
Korea. Ever since its introduction into Korea at the 6-7th
century AD, lettuce has remained as one of the major crops.
Nowadays, South Korea produces more than 200,000 tons
of lettuce in over 8,000 ha of land, and production and
consumption are steadily rising [1]. Lettuce is not only rich
in vitamins and potassium, but also contains dietary fiber
and minerals, making it a very nutritious food source [2].
However, the consumption of raw lettuce has been closely
linked to food poisoning. Although the route of
contamination in lettuce has not been established, there
were reports of hemolytic-uremic syndrome and bloody
diarrhea caused by enterohemorrhagic Escherichia coli
serotype O157:H7 contamination [3, 4]. In addition,
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Aeromonas spp. and Yersinia enterocolitica, which can cause
food poisoning, were discovered in packaged lettuce [5].
Furthermore, it has been shown that foodborne pathogens
such as Bacillus cereus, Listeria monocytogenes, Salmonella
enterica serotype Typhimurium, Staphylococcus aureus,
and Campylobacter jejuni cause food poisoning through
contaminated lettuce [6-8].
Culture-dependent methods have been traditionally
used to detect and identify foodborne pathogens, but there
are also obvious limitations [9]. This type of analysis is
time-consuming and laborious. In addition, all taxa cannot
be identified from total bacteria in the samples. Therefore,
16S rRNA gene-based sequencing has been widely used to
explore microbial diversity, including foodborne pathogens.
Next-generation sequencing of DNA extracted from
environmental samples and metagenomic databases packed
with sequence information from diverse habitats are useful
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for this non-cultivation approach [10, 11]. Although
microbial diversity within several plants has been reported
[12], few studies have examined the microbial community
and potential pathogens in raw food, including lettuce.
Microorganisms live in various parts of plants and
interact with them. For example, the root microbiota play a
very important role in the growth and health of the host,
and more than 105 cell/g bacteria can colonize the surface
of plants [13]. Interactions between the plant microbiota
and the host continue to be revealed by 16S rRNA genebased analysis [10]. It has been reported that plant energy
metabolism is also mediated by the phyllosphere microbiota
[14]. Another study revealed that the phyllosphere
microbiota are affected by cross-talks with the rhizosphere
microbiota [15]. Therefore, understanding the correlation
between the phyllosphere microbiota in lettuce is important
to prevent food poisoning caused by contaminated
vegetables [16].
In this study, we conducted 16S rRNA gene-based
analysis to investigate the microbiota of lettuce collected in
South Korea at different seasons. We obtained lettuce from
five sampling sites (n = 3 at each site) known for their
highest lettuce production in South Korea, and examined
their microbiota. Samples were collected at each site
between April and July to determine the effect of
temperature on the microbiota. 16S rRNA gene sequencing
of the microbiota on lettuce was performed, and regionand season-specific differences were examined. In addition,
core bacteria in the microbiota were selected, and their
correlations were calculated and analyzed through network
generation [17]. The results of the present study should
extend our understanding of food poisoning by raw lettuce
and help us better manage fresh vegetables.
Fig. 1. Map of the sampling sites.

Materials and Methods
Sample Preparation
We collected 30 samples (100 g of each bundle) from five different
sites in South Korea between April (relatively low temperature,
monthly maximum average temperature of 21.5 ± 0.6°C, monthly
minimum average temperature of 8.0 ± 0.8°C) and July (relatively
high temperature, monthly maximum average temperature of
30.6 ± 0.4°C, monthly minimum average temperature of 21.7 ± 0.7°C)
of 2016 (Fig. 1). According to information from the National
Statistical Office, four sites in the Gyeonggi-do area (31,263 tons in
2015) and one site in the Jeon-buk area (12,645 tons in 2015) were
selected on the basis of lettuce yield. Three samples were
randomly harvested at each site using sterilized gloves and plastic
bags. Samples were packed with ice in a box and transported to
the laboratory. Analysis was performed on the same day. Samples

All samples were obtained from five different sites in April and July
2016. Maximum and minimum of average temperatures are noted at
the bottom.

were measured out (25 g) into filter bags (FILTRA-BAG; Labplas,
Canada), designed to simplify taking an aliquot and has 1,840
holes per square inch with a pore size of approximately 330
microns, and were mixed with 225 ml of Buffered Peptone Water
(OXOID, UK). Using a BagMixer 400 W (Interscience, France), the
mixtures were homogenized to detach bacterial cells from the
plant. The mixtures were filtered and centrifuged at 10,000 ×g for
10 min at 4°C. After the supernatant was discarded, the residual
pellet was washed with 5 ml of TES buffer (0.1 M NaCl, 10 mM
Tris-HCl, pH 8.0, 1 mM ethylenediaminetetraacetic acid (EDTA))
to remove impurities such as plant tissues. The pellet was
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repeatedly washed and centrifuged two more times; pellets were
stored at -80°C prior to metagenomic DNA extraction.
Extraction Procedure of Metagenomic DNA
Metagenomic DNA was extracted via a slightly modified DNA
extraction method described in a previous study [18]. The
pellet was suspended in 500 μl of PVP/CTAB buffer (1%
polyvinylpyrrolidone, cetyltrimethylammonium bromide) with
50 μl of lysozyme solution (100 mg/ml) to remove polyphenols
that cause enzymatic browning in lysates. Each pellet was
incubated at 37°C for 1 h and frozen at -80°C for 10 min. For
thawing, the mixture was incubated at 37°C for 10 min. The DNA
pellet was then treated with a proteinase K mixture (140 μl of
0.5 M EDTA, 20 μl of 20 mg/ml Proteinase K, 40 μl of 10% sodium
dodecyl sulfate) and incubated at 56°C for 1 h. This was followed
by centrifugation at 21,206 ×g for 1 min, after which the supernatant
was transferred to a microtube and treated with 5 M NaCl and
80 μl of CTAB/NaCl solution. The supernatant solution was
thoroughly mixed with one volume of phenol/chloroform/isoamyl
alcohol (25:24:1 (v/v/v)), and was centrifuged at 21,206 ×g for
5 min at room temperature (RT). The upper phase was transferred
to a new tube and treated with the same volume of chloroform.
After re-centrifuging the upper phase at 21,206 ×g for 5 min at RT,
RNase A (100 mg/ml) was added and the mixture was incubated
at 37°C for 1 h. Phenol-chloroform extraction was conducted
again to remove the RNase A. The DNA mixture was then treated
with 10% volume of 3 M sodium acetate (pH 5.0) and two volumes
of ice-cold 100% ethanol, and was centrifuged at 21,055 ×g for
20 min at 4°C. The supernatant was discarded and ice-cold 70%

ethanol was added for washing. The resultant solution was
centrifuged at 21,055 ×g for 5 min at 4°C; the supernatant was
discarded. After drying out the pellet at RT, DNA was resuspended
with 50 μl of TE buffer and incubated at 55°C for 1 h. Genomic
DNA was quantified using Optizen Nano Q (Mecasys, Korea) and
was stored at -20°C before amplification.
PCR for Specific Bacterial Detection
Primers used in this study for pathogen detection are listed in
Table 1 [19-24]. Amplification of the lettuce samples was carried
out in a total volume of 50 μl as follows: 1 μl of extracted DNA
template (32.3-119.5 ng), 1 μl of (0.2 μM) primers, 5 μl of dNTP
(0.2 mM), 5 μl of 10× nTaq Buffer, 1 μl of nTaq DNA Polymerase
(Enzynomics, Korea), and 36 μl of distilled water. The PCR cycling
parameters were as follows: 95°C for 5 min, and then 30 cycles of
denaturation at 95°C for 50 sec, annealing at 55-61°C for 2060 sec, extension at 72°C for 2 min, and final extension at 72°C for
6 min. Aliquots (20 μl) of the PCR products were analyzed by
electrophoresis on 1.2% and 2% (w/v) agarose gels (SeaKem LE
Agarose; Takara, Japan).
MiSeq Platform for Analysis
To conduct next-generation sequencing via Illumina MiSeq
sequencing (Illumina, USA), 16S rRNA genes were amplified
using V5-V6 region-specific primers (Table 1) [25, 26], with preadapter and sequencing primers (overhang adapter) designed to
minimize the amplification of chloroplast and mitochondria 16S
rRNAs attached [25]. The PCR products were purified using the
MEGAquick-spin Plus kit (iNtRON, Korea). Index PCR was

Table 1. PCR primers used in this study.
Target bacteria
Bacillus spp.
(B. anthracis, B. cereus,
B. mycoides,
B. pseudomycoides,
B. thuringiensis, and
B. weihenstephanensis)

Target gene (name)

Primer sequence (5’ → 3’)

Amplicon
length (bp)

Reference

nheA

F : TAAGGAGGGGCAAACAGAAG
R : TGAATGCGAAGAGCTGCTTC

500

[19]

nheB

F : CAAGCTCCAGTTCATGCGG
R : GATCCCATTGTGTACCATTG

770

[19]

nheC

F : ACATCCTTTTGCAGCAGAAC
R : CCACCAGCAATGACCATATC

582

[19]

motB

F : CGCCTCGTTGGATGACG
R : GATATACATTCACTTGACTAATACCG

280

[20]

Hemolysin

F : CTGTAGCGAATCGTACGTATC
R : TACTGCTCCAGCCACATTAC

185

[21]

Enterococcus casseliflavus

vanC2/C3

F : CTCCTACGATTCTCTTG
R : CGAGCAAGACCTTTAAG

439

[22]

Klebsiella pneumoniae

rcsA

F : GGATATCTGACCAGTCGG
R : GGGTTTTGCGTAATGATCTG

176

[23]

Pseudomonas aeruginosa

V2/V8

F : GGGGGATCTTCGGACCTCA
R : TCCTTAGAGTGCCCACCCG

956

[24]

Total bacteria

16S rRNA V5/V6
(799Fmod6/1114R)

F : CMGGATTAGATACCCKGGT
R : GGGTTGCGCTCGTTGC

382

[25, 26]
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performed using the Illumina Nextera XT Index kit, and the
library was purified with AMPure XP beads (Beckman Coulter,
USA) according to the manufacturer’s instructions. The size and
quality of the library were validated using the Agilent Bioanalyzer
1000 chip and the KAPA qPCR kit. Equal amounts of libraries from
all samples were pooled, and paired-end (2 × 300 bp) sequencing
was conducted using the MiSeq system (Illumina, USA) at
Macrogen (Korea), based on the manufacturer’s instructions.
Bacterial Load Quantification Using Quantitative Real-Time
Polymerase Chain Reaction
Bacterial loads obtained from lettuce were analyzed according
to previous descriptions with slight modification [27]. We
quantified the 16S rRNA gene in lettuce by using real-time PCR to
determine total bacterial loads. Real-time PCR was conducted
using a primer set that targeted the same region as that used to
conduct MiSeq sequencing with the CFX Connect Optics Module
(Bio-Rad, USA). Reaction mixtures (20 μl) containing 10 μl of
SSoAdvanced Universal SYBR Green Supermix (2×) (Bio-Rad,
USA), 10 μM of each primer, and 1 μl of DNA template (10-fold
dilution series of sample DNA) or distilled water (negative
control) were prepared, and samples were run in triplicates. The
cycling parameters for real-time PCR were as follows: 98°C for
3 min, and then 40 cycles of denaturation at 98°C for 15 sec,
annealing at 55°C for 30 sec, extension at 72°C for 30 sec, and final
extension at 72°C for 1 min. The serial log-concentration of E. coli
genomic DNA was used to generate 16S rRNA standard curves
[28]. Bacterial loads in the sample were calculated by comparing
the Ct value with the standard curve. The regression coefficient
(r2) for the standard curve was 0.9959.
Data Analysis
Raw sequences obtained were trimmed and chimera-checked
using the MOTHUR software. The merged reads, where barcode
and primer sequences were removed, were trimmed on the basis
of average quality score (<25) and the number of homopolymers
(>8). The UCHIME function in the MOTHUR software was used
to remove chimeric sequences [29]. Determination of operational
taxonomic units (OTUs) was processed on the CLC Genomics
Workbench (CLC Bio, Denmark) on the basis of 97% sequence
similarity. Taxonomy assignment of non-chimeric reads was
determined via the SILVA database (ver. 123) with a 80%
confidence threshold. The above processes were also performed
using the CLC Genomics Workbench. Validated reads (11,000 per
sample) were used to compare the α-diversity (observed OTUs,
Chao1, Shannon and Good’s coverage) using QIIME (Quantitative
Insights Into Microbial Ecology). Principal coordinate analysis
based on the UniFrac distance was implemented to illustrate
seasonal β-diversity. Differences in bacterial composition were
evaluated using permutational multivariate analysis of variance
(PERMANOVA). The network was made using the Cytoscape
software (ver. 3.4.0), and was visualized using prefuse force
directed layout with correlation coefficients between core bacteria
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[30]. Since the relative quantity of core bacteria is nonparametric,
the Spearman correlation was calculated using the SAS ver. 9.4
software; Spearman’s correlation coefficient (|r| > 0.6) with FDRcorrected significance level under 0.01 was used.
Statistical Analysis
The Student’s t-test or the Mann-Whitney test was conducted
after Shapiro-Wilk normality to analyze all data aside from
network co-occurrence. Spearman’s correlation analysis was
performed to construct the network co-occurrence of core genera.

Results and Discussion
Comparison of Diversity Indices and Bacterial Population
among Samples
A total of 2,235,280 reads (average 73,325 reads for April
samples and 75,760 reads for July samples) were analyzed
after quality checking the 30 lettuce samples. The read
numbers were normalized to 11,000 by random subsampling
(Table 2). The average number of observed OTUs in the
April samples (1,450 ± 628.8) were determined to be higher
(p = 0.0005) than those of the July samples (788.2 ± 187.6).
The number of observed OTUs at site A in April (2,169 ±
575.9) was the highest, whereas samples at site B in April
(586.7 ± 141.8) had the lowest number of OTUs. Unlike
other sites, only OTUs obtained from lettuce samples
collected at site B were higher (p = 0.1695) in July (785.3 ±
148.8) than those collected in April (586.7 ± 141.8). The
microbial diversity of the lettuce microbiota was evaluated
by Chao1 richness (Table 2). The average estimate of Chao1
richness from samples in April (1,955 ± 677.3) was higher
(p = 0.0012) than that in July (1,275 ± 267.6). The highest
Chao1 richness value was obtained from site A samples in
April (2,730 ± 502.9), whereas the lowest was obtained
from site B samples in April (945.4 ± 219.8). The diversities
obtained by the Shannon index (Table 2) of April samples
(4.9 ± 1.95) were significantly higher than those of July
samples (3.63 ± 0.89, p = 0.0292). Site A samples in April
(6.95 ± 1.67) were the most diverse group, whereas site E
samples in July (2.64 ± 1.26) demonstrated the lowest
diversity index.
The bacterial amounts were quantified by 16S rRNA
gene analysis (Fig. 2). Results showed that total bacterial
amounts in the July samples were significantly higher than
those in April (p < 0.0001). On average, the total bacterial
cell numbers were 2.26 × 107 and 4.66 × 108 in April and
July, respectively. Samples collected from site D showed
the greatest variance in total bacterial population between
April (1.87 × 107) and July (1.13 × 109). Site E samples
exhibited the least difference in total bacterial population
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Table 2. Summary of diversity indices obtained from sequencing.
Sampling
time

Sample

Analyzed
reads

Normalized
reads

Observed
OTUs

Estimated OTUs
(Chao1)

Shannon diversity
index

Good’s
coverage

April

SiteA_1

44,866

11,000

2,505

3,019.58

8.30

0.98

SiteA_2

44,194

11,000

1,504

2,148.95

5.08

0.98

SiteA_3

59,017

11,000

2,498

3,020.41

7.47

0.99

SiteB_1

89,185

11,000

423

693.43

2.14

0.99

SiteB_2

39,668

11,000

663

1,098.12

3.91

0.99

StieB_3

13,263

11,000

674

1,044.66

5.54

0.97

SiteC_1

102,411

11,000

1,468

1,933.63

4.61

0.99

July

SiteC_2

77,424

11,000

1,373

1,837.33

4.33

0.99

SiteC_3

148,143

11,000

1,017

1,816.48

1.07

0.99

SiteD_1

70,046

11,000

2,212

2,703.39

7.22

0.99

SiteD_2

96,852

11,000

1,726

2,390.30

4.65

0.99

SiteD_3

88,016

11,000

1,606

2,123.98

4.05

0.99

SiteE_1

81,446

11,000

1,598

2,076.95

5.45

0.99

SiteE_2

44,212

11,000

1,367

1,791.90

6.28

0.99

SiteE_3

101,153

11,000

1,123

1,625.32

3.38

0.99

SiteA_1

91,723

11,000

895

1,472.77

4.11

0.99

SiteA_2

59,029

11,000

629

961.65

3.87

0.99

SiteA_3

62,771

11,000

798

1,181.63

4.22

0.99

SiteB_1

95,582

11,000

947

1,526.57

4.74

0.99

SiteB_2

76,072

11,000

654

1,262.91

3.54

0.99

StieB_3

76,487

11,000

755

1,277.45

4.20

0.99

SiteC_1

58,530

11,000

844

1,261.41

3.39

0.99

SiteC_2

75,037

11,000

702

1,103.71

3.09

0.99

SiteC_3

58,080

11,000

600

1,030.50

2.58

0.99

SiteD_1

110,471

11,000

1,147

1,613.84

4.56

0.99

SiteD_2

95,677

11,000

949

1,471.60

4.19

0.99

SiteD_3

90,779

11,000

879

1,646.01

4.03

0.99

SiteE_1

65,870

11,000

589

1,034.60

1.99

0.99

SiteE_2

58,241

11,000

994

1,539.77

4.09

0.99

SiteE_3

62,056

11,000

441

741.30

1.83

0.99

between the two time points (1.34 × 107 in April and 6.29 ×
108 in July). In the April group, the diversity estimators
from site A samples were the highest, but total bacterial
counts were the lowest. In contrast, site D samples showed
the highest diversity estimators in the July group, which
were accompanied by the highest bacterial load. Between
April (13.8°C) and July (25.5°C), the average temperature
showed an increase by more than 10°C (Fig. 1), which may
have an effect on bacterial loads.
In previous studies, it has been reported that a low
bacterial load in lettuce was correlated with high species
diversity in US lettuce [31]. Therefore, such trend also
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seems to be resulted from crop features as well as seasonal
temperatures.
These results showed that the microbiota of lettuce from
South Korea vary with season and region. The locations of
sites B, C, and D were adjacent to each other, whereas site
A and site E were located farther away. Despite the close
proximity of sites B, C, and D, the species diversity of site B
differed from the other two sites. This might be due to field
conditions such as UV light, temperature, humidity, and
water, which all have an effect on the phyllosphere
microbiota [32]. Results indicated that the quantity of a
particular genus is influenced by the time and site of
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Fig. 2. Comparison of total bacterial loads in the lettuce at each time and sampling site.
The amounts of total bacteria were determined using quantitative real-time PCR. April and July are represented as blue and red, respectively. The
average bacterial loads at each time (A) and sampling site (B, C) are indicated The asterisks (***) indicate significant difference between the April
and July groups (p < 0.0001). Error bars indicate the standard error of the mean.

collection, which leads to variations in the composition of
the microbiota. Since a single taxon can vary with the
geographical location and time of year, regional differences
also seem to play a role in the microbial diversity of lettuce
[33].
Microbiota Composition Differences between April and
July Samples
Weighted and unweighted PCoA plots were generated
on the basis of the UniFrac distance to compare the
differences in bacterial composition between lettuce

collected in April and July (Fig. 3). Clearly distinguished
clustering patterns (PERMANOVA, p = 0.00001) were
observed on the unweighted matrix according to sampling
time of these samples. On the weighted PCoA plots, similar
separated patterns based on sampling time were observed,
which was confirmed by PERMANOVA (p = 0.00001).
These results may explain the effect of season on the
microbiota composition. In the clustering tree analysis
based on weighted UniFrac for lettuce collected in the
United States, differences in clustering due to seasonal
variations were attributed to environmental features, such

Fig. 3. Weighted/unweighted UniFrac-based principal coordinate analysis (PCoA).
(A) Weighted and (B) unweighted. The April and July groups are represented as blue and red, respectively. The percentage contributions to the
variance of the data from principal components 1, 2, and 3 (PCo 1, PCo 2, and PCo 3) are listed along axes representing them.
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as air and soil temperature, solar radiation, and humidity
[31].
Phylum, Classs and Family Levels
The OTUs from 2,236,280 non-chimeric reads were
analyzed at each taxonomy level to compare the microbiota

of samples collected in April and July. Firmicutes and
Proteobacteria were the dominant phyla in the April and
July samples, respectively (Fig. 4A). Proteobacteria (average
relative abundance of 49.20 ± 17.38%) were more abundant
(p = 0.4021) than Firmicutes (39.27 ± 18.11%) in the April
samples. However, Firmicutes (52 ± 19.67%) were slightly

Fig. 4. Comparison of the taxonomic composition at the phylum, class, and family levels.
(A) Comparison of bacterial composition at the phylum level. The legend only shows the phyla found at more than 0.5% in at least one sample. (B)
The eight dominant classes (defined as a >1% based on total read abundance in at least one sample) are represented. Others indicate the remaining
phyla and classes. (C) Comparison of dominant families (>5% of the microbiota in at least one sample) between each site in April and July.

J. Microbiol. Biotechnol.

16S rRNA Gene-Based Analysis of Lettuce in South Korea

more abundant (p = 0.6293) than Proteobacteria (45.80% ±
19.40) in the July samples. Actinobacteria contributed to
10.7 ± 6.57% in the April samples and 2 ± 0.28% in the July
samples. Proteobacteria, Firmicutes, and Actinobacteria
have previously been reported as the predominant phyla in
the plant phyllosphere [34].
At the class level (Fig. 4B), the most dominant classes in
the collected samples were Bacilli (43.10 ± 18.21%) within
Firmicutes, and Gammaproteobacteria (42.27 ± 16.94%)
within Proteobacteria. Actinobacteria were expressed
(p = 0.0019) in greater proportion in the April samples
(10.37 ± 5.58%) than in the July samples (1.98 ± 0.66%). The
Clostridia class, which belongs to Firmicutes, was distinctly
observed at site B in July. Bacilli are highly utilized in
agricultural biotechnology, and many of their products are
currently on the market [35]. Therefore, the many Bacilli
species found in the samples may have been due to their
use as fertilizers. It has been shown that various genera,
including pathogens, belong to Gammaproteobacteria, and
can be found in plants such as peanuts, flowers, and poplar
[11, 36, 37]. Lastly, since lettuce grows close to the soil, it
was speculated that anaerobic Clostridia found in the
samples may have been derived from soils buried in the
lettuce [38].
The microbiota of the lettuce at the family level (Fig. 4C)
were determined within 16 dominant families (defined as a
>5% of total read abundance in at least one sample).
Among them, Bacillaceae, Bacillales family XII group
(incertae sedis), Enterobacteriaceae, and Pseudomonadaceae
were the dominant families in lettuce collected in both
April (average relative abundance 17.58%, 14.06%, 8.59%,
and 6.77%, respectively) and July (32.46%, 27.51%, 6.45%,
and 5%). Studies on microbial communities of lettuce roots
showed that Pseudomonadaceae are core bacteria, and are
correlated with Sphingomonadaceae [39]. However, the
abundance of Sphingomonadaceae was found to be very
low in our study samples (average relative abundance
under 1%), except for samples collected at site A in April.
Micrococcaceae, Oxalobacteraceae, and Planococcaceae
were found in samples collected in April (6.42%, 4.73%,
and 2.29%), rather than (p < 0.0001, p = 0.0026 and 0.0107,
respectively) July (0.88%, 0.5%, and 0.69%). Micrococcaceae
members are a major component of bacterial air spores,
and are highly expressed in the phyllosphere microbiota
[40]. Oxalobacteraceae can be found in various environments,
and some species are known as mild pathogens or
opportunistic human pathogens [41]. Planococcaceae
members have been reported to exist in extreme
environments such as deep sea sediments, marine solar
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salterns, glaciers, permafrost, Antarctic deserts, and sea ice
brine [42].
According to a report on bacterial families of the
microbiota in lettuce cultivated in the USA, the relative
abundance of Enterobacteriaceae in lettuce collected
during the summer was higher than that in the winter
owing to increased solar radiation and humidity [34]. On
the contrary, Oxalobacteraceae accounted for a large
proportion of microbial species in the same crop collected
during the winter as opposed to summer. These findings
were similar to our results of Korean lettuce collected in
April and July.
Genus Level
Heatmap analysis was used for prevalent genera (over
1% detected in at least one sample) to compare the
microbiota of lettuce collected in April and July (Fig. 5A).
The most dominant genera (average relative abundance of
>1%) observed in the April samples included Arthrobacter
(5.94%), Bacillus (8.06%), Exiguobacterium (14%), Pantoea
(12.95%), Pseudomonas (6.74%), and Xanthomonas (9.73%). In
lettuce collected in July, Acinetobacter (5.50%), Bacillus
(6.18%), Enterobacter (17.72%), Enterococcus (11.23%),
Exiguobacterium (27.53%), and Pseudomonas (5%) were
identified as the major genera. Bacillus, Exiguobacterium,
and Pseudomonas were the dominant genera observed in
lettuce sampled at both time points.
Exiguobacterium occupied a high percentage of samples
collected in both April and July (14% and 27.53%,
respectively). It is highly resistant to temperature, pH, and
salt [43, 44]. Therefore, it can exist anywhere in nature, and
has been reported to be a root microorganism that
promotes plant growth [11]. Pseudomonas (April with 6.74%
and July with 5%) discovered in the collected lettuce was
inferred to exist as an opportunistic phytopathogen, similar
to species found in the phyllosphere of grasses [45]. Bacillus
(April with 8.06% and July with 6.18%) belonging to Bacilli
is distributed in large areas; it exerts antifungal activity and
acts as a biological control agent. Species have been used in
plant health management [46, 47]; however, some reports
have shown that some plants also carry the human
pathogenic B. cereus [48]. Arthrobacter was found in lettuce
collected in April, but not in July (p = 0.0036). Arthrobacter
has been reported to be capable of producing pigments that
contribute to cell membrane stability at low temperatures,
and can survive in cold environments [49]. Enterobacter was
found to be more abundant (p < 0.0001) in July (17.72%)
than in April (0.28%). Enterobacter sp. is a biological control
agent for many fungal phytopathogens [50]. It promotes
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Fig. 5. Heatmap analysis of the frequency of detected genera and the potential pathogens detected in lettuce in sampling sites in
April and July.
(A) The clustering was performed using Spearman`s rank correlation coefficient. Different colors indicate the relative abundance of each genus.
Sample names indicate the sampling site and time (e.g., 4A; sample collected from site A in April). (B) The relative abundance of potential
pathogens at each time is represented. The potential pathogens were determined by comparison with sequences in the PATRIC database (http://
www.patricbrc.org). (C) The presence of potential pathogens in lettuce was determined by PCR and electrophoresis. The PCR products were
separated on 1.2% agarose gels except E. casseliflavus (2%). Lane M : DNA size marker (ExcelBand).

plant growth, and is used for agriculture [51]. Because this
bacterial species prefers humid environments [52], it was
not surprising that more bacteria of this species were
identified in July. Acinetobacter, known as a cause of
nosocomial infection, was also found to be more abundant
(p = 0.0044) in July than in April [53], because it prefers
humid environments.
Observation of Potential Pathogen Species
The sequences obtained in lettuce samples at different
sampling times and location were compared with those of
reported pathogenic bacteria in the PATRIC (http://
www.patribrc.org) database. Several pathogenic bacteria,
including Bacillus spp., Enterococcus casseliflavus, Klebsiella
pneumonia, and Pseudomonas aeruginosa, were found (Fig. 5B).
Bacillus spp. included B. anthracis, B. cereus, B. mycoides,
B. pseudomycoides, B. thuringiensis, and B. weihenstephanensis.
This group including B. cereus, one of the most frequently
reported foodborne pathogens [54], was observed in both
the April (0.08%) and July (0.05%) samples. On the other
hand, various kinds of pathogenic bacteria were detected
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more in July lettuce than in April lettuce. E. casseliflavus, an
opportunistic premise plumbing pathogen, was more
frequently (p = 0.0024) observed in lettuce collected in July
(0.29%, April 0.02%) [55]. K. pneumoniae, which usually
causes nosocomial infections in hospitals [56], was found
only in July lettuce (0.1%). This suggests that a feces-based
fertilizer was used during cultivation, because Klebsiella
bacteria are normally found in the human intestines and
feces. There were several reports showing that food products
with feces containing enteroinvasive K. pneumoniae may be
a potential source of life-threatening foodborne illness [57].
The proportion of P. aeruginosa that can cause a disease in
humans as well as plants was also higher in July lettuce
(0.0628%) than in April lettuce (0.0005%), although not
statistically significant (p = 0.0937).
However, the identification of taxonomies on the species
level using 16S rRNA is restricted. Considering the results
of genus characterization, therefore, the PCR was
performed using primers for detection of common bacterial
pathogens (Fig. 5C). Eight primer sets for pathogen
detection were used (5 sets for Bacillus spp. detection; 1 set
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each for E. casseliflavus, K. pneumoniae, and P. aeruginosa
detection; respectively). In the case of Bacillus spp., it was
determined only when all five primers set amplified
positive bands. Although not found in April, Bacillus sp.
was detected in one sample of the B site in July lettuce.
E. casseliflavus was detected at both sampling times. It was
detected at A, C, D, and E sites in April and at B and D sites
in July. K. pneumoniae and P. aeruginosa were detected only
in July, with K. pneumoniae at the B and D sites, and
P. aeruginosa at the A, B, C, D, and E sites. These results
showed similar tends with the pathogen analysis using the
bacterial bioinformatics database.
These results demonstrate that the potential risks of food
poisoning through lettuce consumption might be higher in
July. Although the proportion of pathogenic bacteria in
lettuce was relatively low, these bacteria could be added to
the screening list of pathogens on lettuce. As we expected,
the potential risks of these samples seemed to be assessed
indirectly when looking at pathogens present in the
microbiota.
Network Co-Occurrence Revealed the Correlation between
Core Genera
Microbial communities are affected not only by the
environmental factors, but also by the relationship between
microbiomes. A previous report has shown that closely
related species, also known as microbial hubs, form
microbial networks that play an important role in plant
health [17]. With the present study, microorganisms in the
microbial community of foliar may not all be “residents,”
but may be “transient” [58]. A method for analyzing
interactions between “residents” and “transients” has
recently been developed [39]. The core bacterial groups
(present in more than 80% of samples with more than 0.1%
in average relative abundance) in lettuce sampled in April
and July were analyzed on the basis of correlations
between genera. Unlike what we predicted by considering
only season-dependent temperature changes, the bacterial
network formed by different genera in lettuce collected in
April was more complicated than that collected in July.
The bacterial network of the April group was composed
of 33 nodes (genera) and 125 edges (Fig. 6A). Among
various genera, Brevibacterium, Brevundimonas, Deinococcus,
Enterococcus, and Peptoclostridium were found to correlate
with a large number (over 10 edges) of core genera. The
highest positive correlation was observed between
Enterococcus and Lactococcus (r = 0.96416, p < 0.0001) among
the networks formed by core genera in the April samples.
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However, only Xanthomonas, Bacillus, and Arthrobacter
belonging to the predominant genera of April lettuce were
part of this network. Bacillus and Xanthomonas correlated
with a small number (1 and 3 edges) of other genera, but
Arthrobacter correlated with a relatively large number (6
edges) of genera. This result is consistent with a previous
report showing the network of lettuce root microbiota [39].
In July samples, the network was composed of 32 nodes
and 53 edges (Fig. 6B); Acinetobacter, Enterococcus, Paracoccus,
and Tatumela correlated with the largest number (5 edges)
of core genera in the July network. Among these core
bacteria, Lysinibacillus showed the strongest positive
correlation (r = 0.94995, p < 0.0001) with Geobacillus, whereas
Enterococcus (r = -0.87009, p < 0.0001) showed the strongest
negative correlation with Acinetobacter. The six genera
(Acinetobacter, Bacillus, Enterobacter, Enterococcus, Exiguobacterium,
and Pseudomonas) dominant in the July samples were
included the network. The dominant genera were involved
in a large number of networks, and were associated with
many core bacteria, similar to that previously observed in
flower microbiota [12]. Genera with fewer connections in
the network can be thought of as single organisms that do
not require complex connections to invade and colonize
[39]. Among potential pathogenic genera, the positions of
Bacillus and Staphylococcus were different in the April
network. Staphylococcus was involved in the main network
with four edges, whereas Bacillus was separated from the
main network with three genera. In the July network, only
Acinetobacter demonstrated multiple connections (5 edges),
whereas Escherichia-Shigella, Pantoea, and Pseudomonas had
a single connection. These results may help explain the
correlations between resident and transient microorganisms
in lettuce cultivated in South Korea. In addition, it is likely
that foodborne pathogens recognized well in lettuce belong
to the transient type. In Fig. 7, Brevibacterium, the resident
microorganism, showed strong negative correlation with
both Acinetobacter (r = -0.8206, p = 0.0002) and Pseudomonas
(r = -0.7077, p = 0.0032), which belong to potential pathogenic
genera. This can be used as a basis for biomarker research
to find harmful bacteria. These results suggest that the
interactions between resident microorganisms and potential
pathogens in the network can be used as basic information
to prevent food poisoning.
16S rRNA gene-based analysis of the microbiota in lettuce
collected in South Korea showed different microbiome
compositions not only between April and July, but also
between sites. A number of potential pathogens, including
well-known foodborne pathogens, were detected. The
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Fig. 6. Network of co-occurring genera of the lettuce in April and July.
The network of co-occurring genera was constructed in Cytoscape using correlation data of lettuce in the (A) April and (B) July groups. The nodes
(bacterial genera) are colored according to modularity class. A concentration represents a strong (Spearman’s correlation coefficient |r|>0.6) and
significant (p < 0.01) correlation. The size of each node is weighted average relative abundance of genus. The edges colors represent the type of
correlation (green: positive, red: negative) and the edges length and width were weighted normalize value.

network co-occurrence of core bacteria was more complex
than expected in April, as compared with that in July.
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These correlations suggested that new pathogens may
emerge on the premise of ecology changes and microbe-
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Fig. 7. Correlation of relative abundance between Brevibacterium and the potential pathogenic genera (A) Acinetobacter and (B)
Pseudomonas.

microbe interactions [59]. A more detailed understanding
of the microbiota in lettuce should be developed for the
production of safe lettuce and prevention of food
poisoning due to raw consumption of lettuce. Further
studies are needed to better understand the interactions
between the core genera and their potential pathogenicity
for safe intake of lettuce.

Acknowledgments
This work was supported by a grant from the National
Research Foundation of Korea funded by the Korean
Government (NRF-2014R1A1A1002580) and the Ministry of
Food and Drug Safety, Republic of Korea (14162MFDS972).

Conflict of Interest
The authors have no financial conflicts of interest to
declare.

References
1. Jang S, Lee E, Kim W. 2007. Analysis of research and
development papers on lettuce in Korea. Korean J. Hortic.
Sci. Technol. 25: 295-303.
2. Oyinlola LA, Obadina AO, Omemu AM, Oyewole OB. 2017.
Prevention of microbial hazard on fresh-cut lettuce through
adoption of food safety and hygienic practices by lettuce
farmers. Food Sci. Nutr. 5: 67-75.
3. Wachtel MR, Whitehand LC, Mandrell RE. 2002. Association
of Escherichia coli O157:H7 with preharvest leaf lettuce upon
exposure to contaminated irrigation water. J. Food Prot. 65:
18-25.

4. Ackers M-L, Mahon BE, Leahy E, Goode B, Damrow T,
Hayes PS, et al. 1998. An outbreak of Escherichia coli
O157:H7 infections associated with leaf lettuce consumption.
J. Infect. Dis. 177: 1588-1593.
5. Szabo E, Scurrah K, Burrows J. 2000. Survey for
psychrotrophic bacterial pathogens in minimally processed
lettuce. Lett. Appl. Microbiol. 30: 456-460.
6. Kim YJ, Kim HS, Kim KY, Chon JW, Kim DH, Seo KH.
2016. High occurrence rate and contamination level of Bacillus
cereus in organic vegetables on sale in retail markets.
Foodborne Pathog. Dis. 13: 656-660.
7. Jackson KA, Stroika S, Katz LS, Beal J, Brandt E, Nadon C,
et al. 2016. Use of whole genome sequencing and patient
interviews to link a case of sporadic listeriosis to consumption
of prepackaged lettuce. J. Food Prot. 79: 806-809.
8. Heaton JC, Jones K. 2008. Microbial contamination of fruit
and vegetables and the behaviour of enteropathogens in the
phyllosphere: a review. J. Appl. Microbiol. 104: 613-626.
9. Streit WR, Schmitz RA. 2004. Metagenomics – the key to the
uncultured microbes. Curr. Opin. Microbiol. 7: 492-498.
10. Turner TR, James EK, Poole PS. 2013. The plant microbiome.
Genome Biol. 14: 209.
11. Taghavi S, Garafola C, Monchy S, Newman L, Hoffman A,
Weyens N, et al. 2009. Genome survey and characterization
of endophytic bacteria exhibiting a beneficial effect on
growth and development of poplar trees. Appl. Environ.
Microbiol. 75: 748-757.
12. Shade A, McManus PS, Handelsman J. 2013. Unexpected
diversity during community succession in the apple flower
microbiome. MBio 4: e00602-e00612.
13. Morris CE, Kinkel LL. 2002. Fifty years of phyllosphere
microbiology: significant contributions to research in related
fields, pp. 365-375. In Lindow SE, Hecht-Poinar EI, Elliott
VJ. (eds), Phyllosphere Microbiology. APS Press, St. Paul, MN.
14. Atamna-Ismaeel N, Finkel OM, Glaser F, Sharon I,

August 2018 ⎪ Vol. 28 ⎪ No. 8

1330

15.

16.

17.
18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Yu et al.

Schneider R, Post AF, et al. 2012. Microbial rhodopsins on leaf
surfaces of terrestrial plants. Environ. Microbiol. 14: 140-146.
Badri DV, Zolla G, Bakker MG, Manter DK, Vivanco JM.
2013. Potential impact of soil microbiomes on the leaf
metabolome and on herbivore feeding behavior. New Phytol.
198: 264-273.
Berg G, Grube M, Schloter M, Smalla K. 2014. Unraveling
the plant microbiome: looking back and future perspectives.
Front. Microbiol. 5: 148.
van der Heijden MG, Hartmann M. 2016. Networking in the
plant microbiome. PLoS Biol. 14: e1002378.
Naravaneni R, Jamil K. 2005. Rapid detection of food-borne
pathogens by using molecular techniques. J. Med. Microbiol.
54: 51-54.
Miller RA, Jian J, Beno SM, Wiedmann M, Kovac J. 2018.
Intraclade variability in toxin production and cytotoxicity of
Bacillus cereus group type strains and dairy-associated isolates.
Appl. Environ. Microbiol. 84: e02479-17.
Frentzel H, Thanh MD, Krause G, Appel B, Mader A. 2018.
Quantification and differentiation of Bacillus cereus group
species in spices and herbs by real-time PCR. Food Control
83: 99-108.
Wang RF, Cao WW, Cerniglia C. 1997. A universal protocol
for PCR detection of 13 species of foodborne pathogens in
foods. J. Appl. Microbiol. 83: 727-736.
Dutka-Malen S, Evers S, Courvalin P. 1995. Detection of
glycopeptide resistance genotypes and identification to the
species level of clinically relevant enterococci by PCR. J.
Clin. Microbiol. 33: 24-27.
Dong D, Liu W, Li H, Wang Y, Li X, Zou D, et al. 2015.
Survey and rapid detection of Klebsiella pneumoniae in
clinical samples targeting the rcsA gene in Beijing, China.
Front. Microbiol. 6: 519.
Spilker T, Coenye T, Vandamme P, LiPuma JJ. 2004. PCRbased assay for differentiation of Pseudomonas aeruginosa
from other Pseudomonas species recovered from cystic
fibrosis patients. J. Clin. Microbiol. 42: 2074-2079.
Hanshew AS, Mason CJ, Raffa KF, Currie CR. 2013.
Minimization of chloroplast contamination in 16S rRNA gene
pyrosequencing of insect herbivore bacterial communities. J.
Microbiol. Methods 95: 149-155.
Kumar PS, Brooker MR, Dowd SE, Camerlengo T. 2011.
Target region selection is a critical determinant of community
fingerprints generated by 16S pyrosequencing. PLoS One
6: e20956.
Lee M-J, Lee J-J, Chung HY, Choi SH, Kim B-S. 2016.
Analysis of microbiota on abalone (Haliotis discus hannai) in
South Korea for improved product management. Int. J. Food
Microbiol. 234: 45-52.
Williams TR, Moyne A-L, Harris LJ, Marco ML. 2013.
Season, irrigation, leaf age, and Escherichia coli inoculation
influence the bacterial diversity in the lettuce phyllosphere.
PLoS One 8: e68642.

J. Microbiol. Biotechnol.

29. Edgar RC, Haas BJ, Clemente JC, Quince C, Knight R. 2011.
UCHIME improves sensitivity and speed of chimera
detection. Bioinformatics 27: 2194-2200.
30. Dehingia M, Talukdar NC, Talukdar R, Reddy N, Mande SS,
Deka M, et al. 2015. Gut bacterial diversity of the tribes of
India and comparison with the worldwide data. Sci. Rep. 5:
18563.
31. Rastogi G, Sbodio A, Tech JJ, Suslow TV, Coaker GL,
Leveau JH. 2012. Leaf microbiota in an agroecosystem:
spatiotemporal variation in bacterial community composition
on field-grown lettuce. ISME J. 6: 1812-1822.
32. Delmotte N, Knief C, Chaffron S, Innerebner G, Roschitzki B,
Schlapbach R, et al. 2009. Community proteogenomics reveals
insights into the physiology of phyllosphere bacteria. Proc.
Natl. Acad. Sci. USA 106: 16428-16433.
33. Knief C, Ramette A, Frances L, Alonso-Blanco C, Vorholt JA.
2010. Site and plant species are important determinants of
the Methylobacterium community composition in the plant
phyllosphere. ISME J. 4: 719-728.
34. Williams TR, Marco ML. 2014. Phyllosphere microbiota
composition and microbial community transplantation on
lettuce plants grown indoors. Mbio 5: e01564-e01514.
35. Pérez-García A, Romero D, De Vicente A. 2011. Plant
protection and growth stimulation by microorganisms:
biotechnological applications of Bacilli in agriculture. Curr.
Opin. Biotechnol. 22: 187-193.
36. Compant S, Mitter B, Colli-Mull JG, Gangl H, Sessitsch A.
2011. Endophytes of grapevine flowers, berries, and seeds:
identification of cultivable bacteria, comparison with other
plant parts, and visualization of niches of colonization.
Microb. Ecol. 62: 188-197.
37. Ibáñez F, Angelini J, Taurian T, Tonelli ML, Fabra A. 2009.
Endophytic occupation of peanut root nodules by
opportunistic Gammaproteobacteria. Syst. Appl. Microbiol.
32: 49-55.
38. Grüter D, Schmid B, Brandl H. 2006. Influence of plant
diversity and elevated atmospheric carbon dioxide levels on
belowground bacterial diversity. BMC Microbiol. 6: 68.
39. Cardinale M, Grube M, Erlacher A, Quehenberger J, Berg G.
2015. Bacterial networks and co-occurrence relationships in
the lettuce root microbiota. Environ. Microbiol. 17: 239-252.
40. Wahab AA. 1975. Phyllosphere microflora of some Egyptian
plants. Folia Microbiol. 20: 236.
41. Baldani JI, Rouws L, Cruz LM, Olivares FL, Schmid M,
Hartmann A. 2014. The family Oxalobacteraceae, pp. 919974. In Rosenverg E, DeLong EF, Lory S, Stackebrandt E,
Thompson F (eds.), The Prokaryotes - Alphaproteobacteria and
Betaproteobacteria. Springer, Berlin/Heidelberg.
42. Pearson MD, Noller HF. 2011. The draft genome of
Planococcus donghaensis MPA1U2 reveals nonsporulation
pathways controlled by a conserved Spo0A regulon. J.
Bacteriol. 193: 6106.
43. Vishnivetskaya TA, Kathariou S, Tiedje JM. 2009. The

16S rRNA Gene-Based Analysis of Lettuce in South Korea

44.

45.

46.

47.

48.

49.

50.

51.

Exiguobacterium genus: biodiversity and biogeography.
Extremophiles 13: 541-555.
White RA, Grassa CJ, Suttle CA. 2013. Draft genome
sequence of Exiguobacterium pavilionensis strain RW-2, with
wide thermal, salinity, and pH tolerance, isolated from
modern freshwater microbialites. Genome Announc. 1:
e00597-13.
Behrendt U, Ulrich A, Schumann P. 2003. Fluorescent
pseudomonads associated with the phyllosphere of grasses;
Pseudomonas trivialis sp. nov., Pseudomonas poae sp. nov. and
Pseudomonas congelans sp. nov. Int. J. Syst. Evol. Microbiol. 53:
1461-1469.
Nair J, Singh G, Sekar V. 2002. Isolation and characterization
of a novel Bacillus strain from coffee phyllosphere showing
antifungal activity. J. Appl. Microbiol. 93: 772-780.
McSpadden Gardener BB. 2004. Ecology of Bacillus and
Paenibacillus spp. in agricultural systems. Phytopathology 94:
1252-1258.
Berg G, Eberl L, Hartmann A. 2005. The rhizosphere as a
reservoir for opportunistic human pathogenic bacteria.
Environ. Microbiol. 7: 1673-1685.
Sutthiwong N, Fouillaud M, Valla A, Caro Y, Dufossé L.
2014. Bacteria belonging to the extremely versatile genus
Arthrobacter as novel source of natural pigments with
extended hue range. Food Res. Int. 65: 156-162.
Chernin L, Ismailov Z, Haran S, Chet I. 1995. Chitinolytic
Enterobacter agglomerans antagonistic to fungal plant
pathogens. Appl. Environ. Microbiol. 61: 1720-1726.
Saleem M, Arshad M, Hussain S, Bhatti AS. 2007.
Perspective of plant growth promoting rhizobacteria (PGPR)
containing ACC deaminase in stress agriculture. J. Ind.

1331

Microbiol. Biotechnol. 34: 635-648.
52. Karthick Raja Namasivayam S, Sahayaraj K. 1998. Changes
in bacterial and actinomycetes diversity of groundnut
phyllosphere with reference to plant age, kinds of leaves
and seasons adapting culture dependent method. Int. J.
Microbiol. 6: 1-6.
53. Jawad A, Heritage J, Snelling A, Gascoyne-Binzi D, Hawkey P.
1996. Influence of relative humidity and suspending menstrua
on survival of Acinetobacter spp. on dry surfaces. J. Clin.
Microbiol. 34: 2881-2887.
54. Granum PE, Lund T. 1997. Bacillus cereus and its food
poisoning toxins. FEMS Microbiol. Lett. 157: 223-228.
55. Reid KC, Cockerill III FR, Patel R. 2001. Clinical and
epidemiological features of Enterococcus casseliflavus/flavescens
and Enterococcus gallinarum bacteremia: a report of 20 cases.
Clin. Infect. Dis. 32: 1540-1546.
56. Calbo E, Freixas N, Xercavins M, Riera M, Nicolás C,
Monistrol O, et al. 2011. Foodborne nosocomial outbreak of
SHV1 and CTX-M-15–producing Klebsiella pneumoniae:
epidemiology and control. Clin. Infect. Dis. 52: 743-749.
57. Sabota JM, Hoppes WL, Ziegler Jr JR, DuPont H,
Mathewson J, Rutecki GW. 1998. A new variant of food
poisoning: enteroinvasive Klebsiella pneumoniae and Escherichia
coli sepsis from a contaminated hamburger. Am. J. Gastroenterol.
93: 118.
58. Hirano SS, Upper CD. 1991. Bacterial community dynamics,
pp. 271-294. In Andrews JH, Hirano SS (eds.), Microbial
Ecology of Leaves. Springer, New York, NY.
59. Tauxe RV. 2002. Emerging foodborne pathogens. Int. J. Food
Microbiol. 78: 31-41.

August 2018 ⎪ Vol. 28 ⎪ No. 8

