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Figure S1 Alpha diversity of radish kimchi microbiota prepared by adding 10%

boneless or whole gizzard shad fish slices over different fermentation durations. The

control kimchi group was prepared without adding gizzard shad fish. (a) Chao1

diversity index and (b) Inverse Simpson’s index. Data are represented as the mean ±

standard deviation for each kimchi group. *** P < 0.001, ** P < 0.01, and * P < 0.05.
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Figure S2 Principle coordinate analysis (PCoA) of the Euclidean distance representing the

beta-diversity in the microbiota of radish kimchi prepared by adding 10 % boneless or whole

gizzard shad fish slices over different fermentation time points. Each dot represents a

replicate of the different groups of kimchi prepared by adding 10 % boneless or whole

gizzard shad fish slices over different fermentation time points (initiation, 0 weeks; optimal

ripening, 2 weeks; over ripening, 6 weeks). The control kimchi group was prepared without

adding gizzard shad fish. Clustering was clear between the kimchi groups at the initiation of

the fermentation and at the optimum-ripening and the over-ripening stages.
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Figure S3 Stacked bar graphs representing the microbiome composition of radish

kimchi prepared by adding 10% boneless or whole gizzard shad fish slices over

different fermentation durations. The microbial composition at the (a) phylum level

and (b) class level.
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Austwickia chelonae

Gordonia otitidis

Arsenicicoccus bolidensis

Agromyces bauzanensis

Glutamicibacter arilaitensis

Rothia mucilaginosa

Bifidobacterium longum

Bifidobacterium pseudocatenulatum

Capnocytophaga cynodegmi

Chryseobacterium carnis

Chryseobacterium hispanicum

Flavobacterium ginsengiterrae

Pedobacter borealis

Sphingobacterium bambusae

Sphingobacterium siyangense

Coprobacter secundus

Parabacteroides goldsteinii

Parabacteroides merdae

Bacteroides uniformis

Alistipes putredinis

Loriellopsis cavernicola

Aerosakkonema funiforme

Deinococcus xinjiangensis

Hydrogenispora ethanolica

Finegoldia magna

Terrilactibacillus laevilacticus

Bacillus aerius

Bacillus coagulans

Bacillus hunanensis

Bacillus rhizosphaerae

Bacillus subtilis

Bacillus velezensis

Brochothrix thermosphacta

Staphylococcus epidermidis

Carnobacterium gallinarum

Carnobacterium maltaromaticum

Granulicatella adiacens

Marinilactibacillus piezotolerans

Enterococcus mundtii

Enterococcus saigonensis

Tetragenococcus halophilus

Vagococcus penaei

Lactobacillus algidus

Lactobacillus brevis

Lactobacillus camelliae

Lactobacillus cerevisiae

Lactobacillus fuchuensis

Lactobacillus herbarum

Lactobacillus kimchii

Lactobacillus paracasei

Lactobacillus sakei

Lactobacillus wasatchensis

Pediococcus pentosaceus

Leuconostoc carnosum

Leuconostoc holzapfelii

Leuconostoc kimchii

Leuconostoc mesenteroides

Leuconostoc rapi

Weissella bombi

Weissella confusa

Weissella diestrammenae

Weissella koreensis

Weissella soli

Lactococcus lactis

Lactococcus piscium

Lactococcus taiwanensis

Streptococcus dentisani

Intestinimonas butyriciproducens

Clostridium puniceum

Clostridium saudiense

Eubacterium coprostanoligenes

[Clostridium] algidixylanolyticum

Blautia faecis

Ruthenibacterium lactatiformans

Faecalibacterium prausnitzii

Propionispira arcuata

Psychrilyobacter atlanticus

Bdellovibrio exovorus

Brevundimonas albigilva

Methylobacterium bullatum

Agrobacterium tumefaciens

Rhizobium qilianshanense

Paracoccus limosus

Acetobacter tropicalis

Sphingobium yanoikuyae

Sphingomonas carotinifaciens

Achromobacter aegrifaciens

Alcaligenes pakistanensis

Bordetella tumbae

Burkholderia ambifaria

Comamonas kerstersii

Microvirgula curvata

Neisseria subflava

Arcobacter aquimarinus

Arcobacter trophiarum

Morganella psychrotolerans

Pantoea dispersa

Pectobacterium carotovorum

Providencia burhodogranariea

Rahnella inusitata

Serratia liquefaciens

Yersinia rohdei

Klebsiella quasipneumoniae

Kluyvera intermedia

Aeromonas salmonicida

Shewanella arctica

Shewanella baltica

Moraxella osloensis

Acinetobacter courvalinii

Acinetobacter pragensis

Psychrobacter adeliensis

Psychrobacter cibarius

Psychrobacter piscatorii

Pseudomonas brenneri

Pseudomonas oryzihabitans

Pseudomonas pseudoalcaligenes

Pseudomonas punonensis

Aliivibrio sifiae

Photobacterium leiognathi

Photobacterium piscicola

Vibrio superstes

Stenotrophomonas pavanii
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Figure S4 Correlograms representing the matrices of Spearman's rank order correlation coefficient (r)

between different bacterial taxa at (a) phylum, (b) class and (c) species levels and different fermentation

durations, the contents magnesium (Mg), calcium (Ca), phosphorus (P) and the content of amino nitrogen

(N). Radish kimchi was prepared by adding 10 % boneless or whole gizzard shad fish slices. The control

kimchi group was prepared without adding gizzard shad fish. Only significant (P < 0.05) positive (blue)

and negative (red) correlations are shown in the graph.
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