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In recent years, several papers were published on microflora of narezushi from the Noto Peninsula (Hokuriku District, central 

Japan) and Mie Prefecture (eastern part of the Kii Peninsula); the former was performed by metagenomic strategy, whereas the 

latter clone library method<14l_ However, no report has so far been published on narezushi from Wakayama. In the present study, 

we analyzed the micro flora of four types of narezushi from Wakayama in detail using metagenomic 16S rRNA gene sequencing 

strategy. 
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Fig.1. Localities where the narezushi samples (A-D) were obtained. 

Fig. 2. Narezushi from Wakayama Prefecture, Japan: (a) Saba (mackerel) narezushi; (b) Sam.ma (saury) narezushi. 

Fish fillets on the top of rod-shaped rice is wrapped with the leaves of giant reed ( a) or fem (b ). 

2. Materials and methods 

2.1. DNA extraction from narezushi samples 

Four narezushi samples were purchased from different manufacturers in Wakayama Prefecture. Samples A (obtained in 

Wakayama-shi), B (Gobo-shi) and C (Aritagawa-cho) were prepared with saba (mackerel), and sample D (Shingu-shi) was with 

samma (saury) (Fig. 1). Each sample (1 g) was suspended in2 ml of150 mM NaCl thoroughly. After standing for 5 min at25 °C, 

the supernatant was collected by pipetting, and then centrifuged at 4,000 g for 15 min. The precipitation was collected for DNA 

extraction with NucleoSpin Tissue (Macherey-Nagel GmbH & Co. KG, Germany) following the instruction manuals. 
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sample) were demultiplexed and quality filtered, resulting in 4.5-6.7 x 105 sequences per sample. The a-diversity 

metrics were analyzed for each sample (Table 1). The values ofChaol richness were calculated between 133 and 145 

(140.4 ± 5.1, mean± SD). The values ofChaol richness for all samples were larger by the number of 4 to 6 than the 

actual observed OTU numbers, indicating diversity with some rare reads in all the samples. Shannon indices were 

calculated between 1.9 and 2.2 (2.05 ± 0.13, mean± SD), suggesting no significant difference in a-diversity. 

The reads were clustered with threshold of 97 % identity and 150 OTUs were totally constructed. Numbers of 

observed OTUs were 127, 140, 141 and 134 for sample A, B, C and D, respectively (Table 1). Rarefaction curves 

plotted for all samples were saturated at around 3 x 105 reads for both Chaol richness (Fig. 3a) and Shannon index 

(Fig. 3b ), indicating adequate numbers ofreads were taken for data analyses. 

Table 1. Summary of sequence analysis and a-diversity metrics 

Product (fish) Total Analyzed 
reads reads 

A (mackerel) 1,493,598 642,424 
B (mackerel) 1,584,296 677,952 
C (mackerel) 1,137,960 454,323 
D (saury) 1,178,410 472,444 
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Fig. 3. Rarefaction curves for a-diversity metrics: (a) Chaol richness; (b) Shannon index. 

Curves were plotted for narezushi samples A ( • ), B (•), C (._) and D (x). 

3.2. Bacterial diversity 

The major OTUs were classified to the genus level fundamentally by RDP classifier with bootstrap < 0.8 (Fig. 4). 

The most abundant OTU found in all four products (44.3, 61.2, 50.5 and 44.4 % for product A, B, C and C, 

respectively) were the same and assigned to family level, Lactobacillaceae, by RDP classifier. Therefore, several 

representative sequences in this OTU were similarity searched using the BLAST program and identified as 

Lactobacillus sakei/L. graminis/L. curvatus/L. plantarum/L. brevis with E-value of 1.00E- 141 (Fig. 4), and thus 

indicated as Lactobacillus sakei/graminis (Fig. 5). Two other OTUs without genus level assignment were identified 

likewise, Lactobacillus herbinensis (Fig. 5) and Enterobacter sp. (Fig. 5) with E-values of both l.OOE-139. Genera 

classified as "Others" were less than 2.0 % of each sample (Fig. 4), which include Clostridiales, Arcobacter, 

Shewanella, Proteus, and Halomonas. Mitochondrial sequences from plants accounted for 3-6 % of either samples. 

Since the rice portion of narezushi was included and used for DNA extraction, it was possible that the plant DNA 
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was contaminated and further sequenced simultaneously. 

Lactobacillus was predominant in all four samples, accounted for 44.7, 62.6, 53.7 and 44.6 % of total flora of 

samples A, B, C and D, respectively. Leuconostoc followed 31.0 and 21.3 % of samples A and B, respectively. For 

samples C and D, Leuconostoc was accounted for 5.3 and 13.2 %, respectively, as the third most abundant genus. 

Pediococcus was the second most frequent genus in sample C (34.2 %) and the third most in sample B (4.5 %). 

Lactococcus followed Lactobacillus in sample D (27.1 %) and was the third most abundant in sample A (10.9 %). 

The order Lactobacillales was accounted for 86.6, 89. 7, 93.3 and 88.3 % of sample A, B, C and D, respectively. 
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Fig. 4. Relative abundance of bacterial phylo­

genetic groups at the genus level in narezushi 

from Wakayama. Phylogenetically assigned 

groups at the genus level that reached an 

abundance ::: 0.5 % of all classified sequences 

were labeled. All minor components (< 0.5 %) 

are clustered into "Others". Total percentage of 

the order Lactobacillales including six genera (*) 

were indicated at the bottom of the figure. 
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Fig. 5. Heatmap of the bacterial composition in 

narezushi from Wakayama. Clustering of the four 

samples and of the 20 species was performed 

based on the Euclidean distance calculated from 

the species as percentages (indicated on each box 

in the figure), and the resulting dendrograms are 

shown on the x and y axes, respectively. Blank 

boxes indicate value of < 0.01 %; ND means no 

read was detected for the corresponding species. 
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Table 2. Identification of the major OTUs with the BLAST program. 

OTUID RDP classifier BLAST E-values (1.00E) 
146 Arcobacter Arcobacter bivalviorum -135 
133 Halomonas Halomonas variabilis -139 
103 Weisel/a Weisel/a viridescens -139 
144 Arcobacter Arcobacter nitrofigilis - 139 
104 Aeromonas Aeromonas sp. -137 
128 Schewanella Psychrobacter sp. - 139 
125 Schewanella Schewanella sp. - 139 
134 Lactobacillus Lactobacil/us herbinensis -1 39 
66 Lactobacil/us Lactobacil/us nagelii - 139 
149 Enterobacter Proteus vulgaris - 139 
62 Enterococcus Enterococcus sp. -139 
64 Acinetobacter Acinetobacter sp. - 139 
63 Vibrio Vibrio furnissii I fluvialis -139 
67 Lactobacillus Lactobacil/us crustorum I paralimentarius -1 39 
56 Yersinia Yersinia enteroco/itica - 139 
54 Enterobacter Enterobacter sp. - 139 
8 Lactococcus Lactococcus /actis (subsp. /actis) -140 
11 Pediococcus Pediococcus pentosaceus -140 
6 Leuconostoc Leuconostoc pseudomesenteroides -141 
3 Lactobacillus Lactobacillus sakei I graminis - 141 

Twenty OTUs belonging to the 11 genera and "others" of Fig. 4 were identified to the species level 

with the BLAST program. Schewanella, Halomonas and Arcobacter are included in "others". 

3.3. Identification in species level and diversity clustering 

OTUs belonging to the 11 major genera and 3 minor ones (Schewanella, Halomonas and Arcobacter) in "others" 

(Fig. 4) were then classified at the species level by using the BLAST program (Table 2). OTUs classified as the 

family Lactobacillaceae except for Enterococcus were well assigned to the species with E-values of 1.00E-139 to 

141. Other OTUs of Halomonas, Proteus, Vibrio, and Yersinia were also assigned to the species (E-values of l.OOE-

135 to 139). OTUs of Aeromonas, Psychrobacter, Shewanella, Acinetobacter and Enterobacter, all categorized to the 

class Gammaproteobacteria, were not assigned at the species level even with the BLAST program. 

Heatmap analysis of these 20 species was shown (Fig. 5). The dominant OTU of all four samples was the same 

and contained Lactobacillus sakei, L. graminis, L. curvatus L. plantarum and/or L. brevis, which are hardly 

distinguishable from each other using V 4 region. In addition, Lactobacillus including L. herbinensis, L. nagelii and L. 

crustorum/ L. paralimentarius were found as minor contents (-2.8 % of the total flora). Leuconostoc pseudo­

mesenteroides was relatively abundant (5- 31 %) in all the samples. Pediococcus pentosaceus was detected in sample 

C (34 %) as the second most abundant, whereas 4.5 % in sample C and 0.01-0.02 % in samples A and D. 

Lactococcus lactis was the second most abundant species in sample D (27 %) and also major in sample A (11 %), 

though the percentages were much lower in samples B (0.55 %) and C (0.08 %). Small numbers of Weissella 

viridescens were detected in all samples, and the percentage was significantly larger in sample B (0.6%). 

Clustering analysis indicated that samples A and B, and samples C and D composed clusters. Either three 

OTUs/species out of four belonging to the family Lactobacillaceae (Lactobacillus sakei/graminis, Leuconostoc 

pseudomesenteroides, Pediococcus pentosaceus, and Lactococcus lactis) were major microbial components of 

narezushi samples, and more than 14 minor species were observed in all the samples. 
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