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Abstract

Fermented foods are produced through a series of processes after introducing
microorganisms to foods by inoculation of isolated strains, utilization of
microorganisms in the environment, and inoculation of culture media without isolated
strains. Understanding the microbial dynamics during the fermentation process is
considered to be important in terms of optimization of the production process,
monitoring of unwanted microorganisms, and prevention of their invasion in the
production of fermented foods. In addition, it is known that fermented foods can serve
as a model ecosystem that can be easily handled experimentally, and understanding the
microbial community during fermentation may be important in providing fundamental
insights into the microbial community. Currently, a tool called Next Generation
Sequencer (NGS) is widely used to comprehensively analyze DNA in samples without
relying on culture for the study of microbial community structure, including fermented
food products. In this study, we investigated the microbial community of fermented
foods by mainly using NGS-based sequence analysis and examined the microbial
dynamics during the fermentation process and the details of the microorganisms
involved in fermentation.

Rice vinegar is frequently used in Japanese cooking and is produced through two
stages of alcoholic and acetic acid fermentation. In the current industrial production of
vinegar, the submerged fermentation method is used to achieve high acetic acid
concentration, but the acetic acid bacteria used in this fermentation method are difficult
to isolate, and culture media are sometimes used as fermentation starters. The sample
supplier brews rice vinegar by the submerged fermentation method, and in some cases,
alcohol vinegar made from brewing alcohol is used as a starter. The acetic acid bacteria
in this rice vinegar fermentation have not been isolated, and the details of the acetic acid

bacteria are not known. In addition, the types and roles of microorganisms including



acetic acid bacteria working in the rice vinegar fermentation process are also unknown,
and their investigation may be useful for the optimization of the fermentation process.
Here, we investigated the structural changes of the bacterial community during
submerged fermentation of rice vinegar by 16S rRNA amplicon sequencing. Two types
of rice vinegar, high acidity rice vinegar, and low acidity rice vinegar were used as
samples, and differences in acetic acid concentration were also examined. As the
results, we detected microbial genera other than acetic acid bacteria in the early stage of
fermentation and also observed a rapid increase in the ratio of acetic acid bacteria of the
genus Komagataeibacter at the time when the ethanol concentration started to decrease,
and the maintenance of dominance after the increase in the ratio in both types of
submerged fermentation rice vinegar, which confirmed the stability of microbial
composition in the brewing of submerged fermentation rice vinegar.

The bacterial community structure at the genus level during fermentation of
submerged-fermentation rice vinegar was investigated, and it is important to clarify the
details of the acetic acid bacteria species because they greatly influence the fermentation
characteristics during vinegar brewing. Acetic acid bacteria have not been isolated from
inoculated alcohol vinegar, and it is difficult to apply the culture method. Here, we
performed a metagenomic analysis of the inoculated alcohol vinegar samples. The
results suggest that the microbial community of the alcohol vinegar samples is
composed of almost pure acetic acid bacteria and that the acetic acid bacteria species
responsible for rice vinegar fermentation is Komagataeibacter europaeus, which is
common in submerged fermentation vinegar. It is also estimated that this acetic acid
bacteria is closely related to the strains from European submerged fermentation vinegar
among the same species, suggesting that bacteria closely related to those from other
submerged fermentation vinegar play a major role in the submerged fermentation of rice

vinegar that was investigated. The bacterial community structure at the genus level



during fermentation of submerged-fermentation rice vinegar was investigated, and it is
important to clarify the details of the acetic acid bacteria species because they greatly
influence the fermentation characteristics during vinegar brewing. Acetic acid bacteria
have not been isolated from inoculated alcohol vinegar, and it is difficult to apply the
culture method. Here, we performed a metagenomic analysis of the inoculated alcohol
vinegar samples. The results showed that microbial genera other than acetic acid
bacteria were detected in the early stage of fermentation, and that the percentage of
acetic acid bacteria of the genus Komagataeibacter increased rapidly when the ethanol
concentration began to decrease in both types of submerged fermented rice vinegar. The
dominance of this genus was maintained until the end of fermentation, confirming the
stability of the microbial composition in submerged fermentation rice vinegar brewing.
Ishizuchi-kurocha is a post-fermentation tea produced in Saijo City, Ehime Prefecture,
and undergoes a two-step fermentation process: a primary fermentation mainly by mold
and a secondary fermentation mainly by lactic acid bacteria. The basic production
process of Ishizuchi-kurocha has not changed from the traditional one, but the
containers used for the secondary fermentation have been changed from wooden barrels
to polyethylene bags and buckets for the sake of production stability and hygiene. This
change makes the fermentation conditions more anaerobic, which is expected to
promote the growth of lactobacilli and inhibit the growth of aerobic microorganisms,
thereby making lactic acid fermentation more stable. However, the wooden barrel is
considered to be less anaerobic during fermentation, and if this difference affects the
microorganisms, there is a possibility that teas with different flavors can be produced.
The origin of the lactobacilli is unknown since no artificial addition of microorganisms
1s made in the production of Ishizuchi-kurocha. Lactobacilli are especially important for
the fermentation of Ishizuchi-kurocha, and clarification of their dynamics in the

fermentation process may lead to improvement of the production method. Here, we



evaluated the effect of different production conditions, including the production vessel,
on the microorganisms. From the results, it was confirmed that the microbial
community during fermentation is affected by the difference in the production container
used in the secondary fermentation and that the microbial community structure differs
depending on the fermentation site of the tea leaves. This study may lead to the
application of the traditional production method of Ishizuchi-kurocha to increase the
diversity of products and to the stabilization of the production process by improving the
Ishizuchi-kurocha production process.

In this study, the microbial community of fermented foods was investigated by
methods centered on NGS sequencing. NGS-based analysis enables comprehensive and
culture-independent evaluation of microbial communities, and when used in
combination with culture methods, it is considered to be effective in the evaluation of
microbial communities in fermented foods. In this study, we examined the details of
major microorganisms in fermented foods such as rice vinegar and Ishizuchi-kurocha.
We also found differences in the microbial community structure in each food depending
on the differences in manufacturing methods and other conditions. The evaluation of
microorganisms in the production of fermented foods is considered to be important in

terms of optimizing the production process and improving the safety of the products.
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R IIMAEY T C X 2 RBEAAAL CiEI 2 BMTH Y, HEFT
HEMICHE ST 5. FEIC X 2 BB 021 i, fiICRH OBk %
153 21320, NEOME FERZZEEL G222 erAonTEY, HHZ
T % (Marco et al,, 2017). FEfERMELEICHH T N2 HEDICO VLTI, 4
HERIR & BERE T 2 fth, BRI OMAEY E RIS 5, KD BE DR BRI & Bl
TEREDITRICEL > TRMCFLIATN G, KRR, —HOB/EZ T
RSB EEI N DD, D X9 RREEETRIC I T 2 WA O BiHE~ o FfiE
i, BFREREEICE W, BEERE oL, A ERMAEMOREN, AN
ke wozfirbEEICAZ EEZLND. 72, RERLVPEOATORES
X, BEOHIBME R SRS b, FERNICR VP T WERROET L LR Y
BarzeprMonTE Y, MEVRECO VT OB RTAREOIRE L v )
ICHEWT Y, HERMDOMEYBIRE~DIfFAEE & 72 5 A[HEVED S 2 (Leech
et al., 2020; Wolfe & Dutton, 2015).

B, REERMLZ & DMAEMBREME OV TOMEICE VT, Kty —
7% — (NGS) &M 2 88 % F VTl DNA o G REECA % 8 i i fif
M2 FERLSHONTW S, BEEMNE &, BRETOMAEYICIIREE
DN D OCHREETE RV DPRLGHHFEL T E I LAAILNT WS
(Amann et al., 1990; J. Wang et al., 2023). NGS # 7= FiEIEEZ{To 2 ¢ X
CEVREE R RITTTRECH 5 728, TN O DIEERRERMEIC O W T DA
RbfF2eMTE 2. 20X hFikohcd, B EYEIE T OREH
W fER) & L 72 PCR EIRE ICHGIEEY I L CRAIRE Z TS, Tv 7Y av
=T vV IPRRICEBEICH O NLTWSE, Ty TV avy = v v I

BWTHEER & XN 58 E T 1L, Ml 16S r(RNA E{E 7 EH Internal



Transcribed Spacer (ITS)IEL T2 &2 H 5. ZDOFEIF—MHIITEL vE TD
fEtr & 720, L ~VA E O FECIEHIEE D T 23 % AlRelE23% % (J. S. Johnson et
al., 2019). £ 7z, Al DELE T IO TOFERBVELGEITTHICL 2D D
b, EHEMICES Z &3 T 2\ (Langille et al., 2013). 2D X 5 7 K 5 % il
IWEL LT, F—AT ) hay v AV =7 vy vy (WGS) BEETS.
ZITARIF O 4 DNA Z Wi (LR ICECYRE T 2 FiETH Y, M2 A FTiEH
2L VDL L COMNT A AIRETH U, AR TIC D W T DfENT b TEEZRYICAT
5 T & 8T & % (Kuczynski et al., 2012; Langille et al., 2013; Ranjan et al., 2016).

AWFFETIZ, "M ANV—=T v b =T v v RERWEIT TR ERAL,
RERFEIEKIE, B FelERk & v o T2 R R O RS IO W T oA %
TV, FRMDFRFEERIC B T 2 EYEIRE, FEIICBES 3 2 UEY DFEIC
DV TR L 72,

2T PRERFEREKEEFERE T O Al IR A A A B)

2.1 =

FE R o iRl ch 0, RSB &, B2 kD & BliE
Ind. KRzlikte L7oKEEE, HABBLIC S W THEICHY O, KpHiH
DT Va3 — VIR, W O EE~DORFEFERED 2 D DB E R CibEI NG, B
T, F 7 BEEHER IC IR AREL & VI RBEE AT 5 43, BITE D LM
TRWEAEE L, EICETRRRE 2 ER T 5 2 3T ZIREREEE S H VO
% (Entani et al., 1985; Yamada, n.d.). ZEEFERE I, AFXBAIC X D FEEERE N 24
THBEZ D 5 Z L 3 TE 570, BEEED AR 23E (Yamada, n.d.). BHEE
AFEICH W O N B EFRER IC DV TlE, BNE2 O OB ESNE R 2 & 237 5
T Y (Gullo et al., 2006; Sokollek et al., 1998), FfED 2 & — 2 — & LT, #like
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TRWERE R D BERR © 72 <, BEMERFEh OREEW 2 H V5 2 L 285 % (Gullo et al.,
2014).

AURHR LT T, KFFHEIC BT, KRR e Lz 7 v a — vV FEE, %K
Wl Fele & & 2 REREFERE D TR Z A U T T > T\ 3. Tl sl semek
Ik KRG 2 ToCHB Y, —HOomETIIRZ -2 —L LTBEEHT V2
A BRERLFE T LA AT =TS, FLI—AERH—D5
MR IZ B S W C B o, RS EOMEIC X Vi s hTwd. 2072w,
W FI I BE T 2 FESE o lic oW FBE S B b, F 72, Kigh
DB ERE IOV TH b TWwav, BERFEREIC B W TIE7 b MY
OFEME, HEZHS 20T 5 2 L id, FEEER O RE(L IO RREEY S 5.
F 7o, AEEYICE D XD BMAEVIMBFEEL T2 2B T 2 C LR RHEE
FEETH L. KRR R BEED A HICH LT, T3 — VFERICEERE
T X 2 IEEATDIL S A, HEEHDRED 2 2 ITHEICHBEDOERICI LI
Tk, WEREE LS OME 2 FEE N CIE 2 2 MRt H 5. £72, BED A HIC
T3 — Ve A — R L 7 OB CIIFFRAR S ERICGEC ST, 7
N — VEEE T3S F DL v, Z O I FEREIE RS 23 LB <, BEA 7x
R 2 HE5E L 15 2 BRBEIC H 5 L F 2 b DS, FEREETTICHE 5 BFREIR S LA %1
BEFREIAEL T2 EZ N, Co—HoRNSHMEMAROZIC DR 2
LYMING. £, BERREREOETRICOWTIE, SE L 72HECTdH 5 FRER D
HEH, WED A A DBMD 2 T2 O3 B RFEREDO Y 4 7 A2 VIR T
BY, B, X7 —VIREO R RZLAET 2720, & OBMEHEREE
B2 R D EZ O S. RKIE Y —F v — % a7z 16SIRNA 7
v 7Y a v, MEEMSEERE T 2 720 DN 2 FIETH Y (Kubo et
al., 2022; Tr&ek et al., 2016; Z. M. Wang et al., 2015), ¥58 ICIRTE L 2\ 720, BElE
W 7e &, SRS RMEIC OV T O T 21T T L3 AlRETH 5. LaL, Bl
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TED L T A, FERFBEKREEIC DT, 16S rRNA fI#HTIC X - CHIE R ERE %2 3
LRI E A E R,

ZZTIE, WEETHRNLNE T & D, EHRHLIT © O TSI K IR
HEFLIC 51T 2 REEREE L Ic o w T, 3UR DNA # V72 16S rRNA 7 v
TVave =y itk TRELE. ke LT, BEEKEE (RKERE
IR 10.0~13.0% wiv F2E), IREEEOREF (FRASEFREIREE 4.5~5.0% wiv F2) o 2
MR AL, BFRIRE QSR X 2 MEHFEMEZ 0 A RIC oW T H G
L7z, SKEEDFRICH 2 KilED A I I A AT ALE 1< X Y FER S 7RI & h <
VB, FEEBIRRFIC 2 v X I — v 3 VRO 720 X HICEFREARINEZ AT S .
H D B IERE I & 0 BFREAINER 135272 0, SR U 72 SRR © 13 FE %
FHARIRE 2> & S BEREIR I, (IR K EE © (X IR KRR I S v T v B
728, ARFEEEKEEC I, FERERHAAIRE I N FEIE R I 35 1T 2 BERBIREE DK X 20 &, BE
WA OME I AfE LT W e PRI NS,

2.2 ESS aRiN

2.2.1 ko B

PR BEIE AR 2\ 2 1k D R TR RS R BT FE I R I B DM FEE Bl S I oK e} 2 2l
& U7z, ARHIMERE 0> O FEIET 1L IRF £ CREFFRVICEREE (ST 13 5K, (K
BRIE 15 UKL Table 1,2) L, -20°CTRRAF L 72, SBEHRINRF O T % ) — VIRFER

fLiconwTid, 7ra—n+t v —Ic X o TRKIITEE L 72 (Fig. 1, 2).



222 16SIRNA T v 7 ) avy—r v vy

KiEREHC oW T, BUFOFIEIC X - T DNA flit 217 - 7. 3k 50 ml %52
Ly (15000 rpm, 10 77fH) L, EiFZFRE L 728 % Tris-EDTA (TE) Buffer 500 pl
ICRRE L 7212, TR 250 ul 2 W CEURH DNA Z fhiH L 72, DNA fliH i ix
EZ-extract for DNA (R &tz —z 27—, HA) ZHV, EEREEIZ X v b
D7 vk aNThHE o 7. K7 DNA OV IC 1 TE Buffer 100 pl % Fi -,
DNA & 1E-20°C TLR17 L 7=.

PCR 4EIC 35T, MIE 16S rRNA BnF V3-V4 s A & U, 5Kl
I MMumina 7 X 7" X —@A ML 727 74 ~—% AL~ 747 —=F7 7
A = —IC DWW, Mllumina 7 & 7" &2 —Ei41| & EERRESRE 2 AV BLY o [ GOk
B D 6 HiED Index BeH! % £ L 72, EERIREISEF RAVE > O BeF 1%, 341F (5'-
CCTACGGGNGGCWGCAG-3'") ¥ X UF 805R (5'-
GACTACHVGGGTATCTAATCC-3")(Klindworth et al., 2013) % F\>7z. PCR )it
TR 25 uL TfT\, BRI DNA IR 2.5 uL, &7 7 4 = —f&IREE 0.3 uM,
KAPA HiFi HS ReadyMix (KAPA Biosystems, Wilmington, MA, USA) 12.5 uL % H
W7z, PCR T, #IHAZE (95°C, 5 4rffl) 12, 21 (98°C, 20 BOfdl), 7=—1V v
7 (60°C, 15 #o[)), R (72°C, 15 MR % 26 4 7 Vi ViR L, &R

(72°C, 5 7rlEN) 21T - 7=.

223 B A gt

B DNA 22 5 @ 16S rRNA JE{5 T PCR EY) % I B AKF NGS ¥ — v 2T
L, Xt =7 vy —ic kv, ko fEEEARE % Miseq (Illumina, 7 A
U AERE) 12X 01T o 72, Nextera XT Index Kit v2 Z w727 4 7 7V — il



%, BCHIRE RS & L T MiSeq Reagent Kit v3 (600 cycle)Z R L, ~7 = v
F&EF 600 ¥ 4 7 v CORSIRE % 1T - 7.
I RS NGS — ¥ A5 b ZIF 5 72 Mlumina 7 =¥ F ) — FiE, 747 —
N 77 4 <=1 L 72 Index BEAic X 0 BRIANIC 8 L 72. % OB, Index &
ITH VT Qscore 30 Kiii DR ZFFO U — FEREL 2. 2z Y — Ficxt
L, fastp 0.23.2 (Chenetal., 2018) IC X2 74 V&Y v 7 %fTo7-. U—FD7 4
ARV TR, 747 = F SR 23 ALY S — 2 5 Rl 21 HE ]
WIECIc X B 7 7 4 ~—BHIBRZ, 3R 1 MR 2%, 1 Q score 30 Kiii D U
— FOBrZE, 8 i3T5 Q score 30 K] Y # T @ Sliding window 512 X % 35K
IR E S DBRE 21T o 72
ZANRY v 7Y — Fick L, QIIME 2 2022.8 (Bolyen et al., 2019) % T
M REEERE T 21T - 7. FEH D 7 4 XPRZEICIZ DADA?2 (Callahan et al.,
2016) (q2-dada2 % #¥H) % H\>, Amplicon sequence variants (ASVs) Z{EK L 7z.
% ASV ~ DI 2 FEE] Y 24 T2 X, q2-feature-classifier (Bokulich et al., 2018) 7" 7
"4 v @ classify-sklearn naive Bayes taxonomy classifier Z i/ L 7z. £ OEfET
i L 725> %8 %5 1Z, RESCRIPt (Robeson et al., 2021)IC X % 7 — & R — R H&Hl
(Curation) FEIT£ D Silva release 138.1 SSU 99% (Quast et al., 2013; Yilmaz et al.,
2014)7 — x N— R E T, WIE 7 7 4 ~—KHic o < V3-V4 sEI O il R O
qgiime feature-classifier fit-classifier-naive-bayes I & % glll## % #2 CTIER L 7.
RESCRIPt i€ X % Curation T3, 5 fil LA_bE DHEBRIFIL £ 7213 8 IR Lo+ %
R <=2 HGURBEEENORE, HERE7 420 v 7 (LUT OHEHEZ i 72
LTz nidd ok dHlE =900bp, Ml =1200bp, BEELA4)=1400bp) M
UCEERI OHIFRZ1T o 72. 7FEEI D Y CofE» L EREB LTI Fa v
Y 7HKTH 5 LHEE X7z ASVs I1E, ASV HEHR D2 LERE L 72



Falkhic B 10 2 MFEAAHK D a % #1: % 7R 3~ Shanon HH5HIC D WTIZ, RSy 7

— 3 CT» % Vegan 2.6-4(Oksanen et al., 2022)% H W CEIHE L 7=,

2.3 i R

23.1 = K RS R 1 B T A R B ERSS 021l

%k 16SIRNAV3-VA T v 7 ) a vy —47 v v 7Y — F o QIME2 % f v
T FENTIC X0, TR B UM B K WRESE IRF o il BRI SRS D AR L 0 Bl fiE
DHETE L7z (Fig. 3).

i E R D T, RTINS S OSSR EUREC Sphingomonas J& 3 i AH %
el &R U 72, BEFRE ©® % Komagataeibacter J&1Z30FH 1 (FEE#£ 1.0 FERE])
2 5 ekl 4 (REF 2 92.3 RFfE]) TN FETELL 0~ 0.3% TH - 7223, skl 5 (W
% 205.7 W58 CHNTFEELL 93.1%% 5o 2 £ N L, DARRIZE S 2 MR L /2.
Komagataeibacter % iR & | WEFREH Acetobacterales BHi, iAEl 8 T Granulibacter |&
W LARFEL TR I N2 DR TH - 72, R ETFELZR L7
Sphingomonas J&1%, kL5 LAFED % { T 10% AR TH - 7223, 3kl 10,11 1IcH
W T HE I E W TELELLGREL 10 2 33.0%, B 11:21.8%)% 7" L 7-.

232 (KRR EORFFRE R I 3 10 2 IR SR E 0 &1L

(EHR R Fe R o M A EEE R 12 35 T, HEE I X O BT D 30K} 1~3
T Pseudomonas |&, Staphylococcus &, Gardnerella J&, Lactobacillus &7z & 5
DIERR E Tz, WEBEE Komagataeibacter J& 37K} 1 (FHE 4 1.0 e[ 2> & 58 3
(M7 51.1 Ref]) CIEMNEETELE GRURBL 1:2.5%, 30k 2 4.4%, 34K 3 :
1.3%) %/ L7228, 3K 4 (HEE% 67.7 FEE) TN TEEL 85.0%% 5@ 3 &
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TRWICHEML 72, % DR IZFIEE T £ T 86.9%~96.2% & mfr1ELL ZAfERF L C
BY, FRERE O IC O W Td @R R & Rtk 2R L7z, £ 7z,
I R e TR © 1X Komagataeibacter J&LAAN D Acetobacterales FHIWH X vz
220 o, FEREWIIRIC I b @ DR GUBE 1T T 17.1%, #KF 2 T 19.2%,
Bl 3 T 32.4%) %R L 7z Pseudomonas J& (%, 32K 4 DAETIE 0 ~ 5.4% & {RFFTELL
TR S e,

MR A RN B 1 2 B © o %8 % 7R 3 Shanon H IR & 5HEL L
7zl T A, RBREEFERAIC O W IR RRBEITIC X VKT 3 2033 b, Sl
JEFEFAIC D W CTUIBAE 2L 2 7R X e W HEM 23 % b L7z (Fig. 4).

2.4 £ 3

16SIRNA 7 v 7'V a vy —7 v v 720 X 3 KREER B O )8 L ~ Ll B EE
WSO RICE VT, 9, SEERE AT o 72 mFEEKERIC 3\ C, FEREY)
I X BERE B EI & DMK <, Sphingomonas JEMIE 238 7 L 724REECTH 5 & L AR
BIN. LL, 227 —VRERTRICIZDBOTFERIZRE CETL,
WERETR C & % Komagataeibacter J& DEAEHLS K Z CHINL, 30k 5 DAREEE S %
MERF L T 7z,

IR KBRS T, FEREIIIBERR 5 & 23K <, BERR B LASL D il B 25
KEA CHBIRTET 2IRETH 2 2 L 2RB S iz, FEERRRIC B W TR
W FE ORI |3 e W B K I & 0 AKIERRIRIE b 0, BEMRTE LA Dl i o AE 7 1 Hi
L 72 -FCH o722 Lo, EEEOME MR S Nz RS E 2 o
5. KB ICEWTH =& 7 — WREAMET LR 72 FlRIR 50~70 R o [H
ICINHLDBITRE SEFEEIEKT X4, BFEEE CH % Komagataeibacter J& D
TFEL SR E B L, BURE 4 DAREC 1 85%LA EBE & L 72 REECTRE L T iz,

11



KEEEESARHC 3515 2, FERERRAAAINE IC S TRAEAE 9 2 Al IR S FEEEET T 1 X U WRIRR TR
BH~EE D LS HIETE D Z(IL, FEEFTROMIE % R oK T
(Fig. 4) 2o bR TE 5. ok, mMEEKRERIC O W CTIEFERERIGRE 2> &
Sphingomonas JEME 2385 L Tk b, RELGETICHEWE S ED
Komagataeibacter J&I1Z1% o 7= 25l % ARTE DM VIR BB 1T HER? X h, BEZE 2k
HRER T AR I N Rr o7z EZLND.

R RE, (KBRS KR 7 O REER ICEWT, T& ) —AEEKT AR S N
7= 1E% DRNC 3 1F % Komagataeibacter J& D KGR FEE LR 2580 & sz,
L, BFREOFERHET L COIBIlIc Ao Thbr E2 LN, %
DB B ORI R S WD > 72 2 & 20 5, BRI A3 LA IR
RET Y, FREN CRERMICE LT TH > 722 EBRBR I N, SHFHES
1To el KRBT, &5 56 b REHKT £ CHEREEE 5 I+ 7
IREDHERF ST 2 2 L AR I, FERARPEE, WED 2 258 L v 5 [y
HIERES A 7 Tl S FEREHGH R D 2L 28 B33, M HESEME & ~ o BHE 75
BRI N o7, =27 —VREKTHIG £ COMRIC O W TR E IR
KFECRIAM, [KEEEKEECRIRITH - 7225, 2, PIHOFEBREE D&\
IC X 2ERTH B[R D Y, FEEFBR ORFRIRE 2 & WA ICB W T K

europaeus DFHEMANIER TN 3B Z & A3 5 T B (Treek et al., 2006).

IR FEWE T 5 TUE, FEEPIHAIC Sphingomonas JEBMIEMEL L TE Y, =
R ) = VR BRICKE CEELZ RS L7z b oo, [y FEh a0 50k
TR AN HER S Nz, OB EEIG %R L7z Sl Fe Ukl 10 1o
WL, IEFO T v 3 — vt v —fHIC N R R BB PR X N, T EF
Bt EECRIESEE R, A v —ith i itk oTiRE 2L EZ LN
%. 3K 10 1B T B Sphingomonas J&D NN ZHEHRER O @ DEAIC X 2 W]

REMEZSH 0, FEAEECIE Z D@ &EEIG CHES 2 LHEEI NS, ZDEIFER
12
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THIFEPREITE S MRS A B IVE 1 35 W C LARTIC B 511 23 & D (Milanovié et al., 2018;
Roman-Camacho, Garcia-Garcia, et al., 2022), BRI % 8% AR 3 5 HEJ) % RO ff
DIFIED D NA F 7 4 N DGR~ DFEHEEE X T 5. Sphingomonas J& D
BRI 3 C b BEREFEFE H AR IR CHET L TH Y, HINE—Fi e b o
TH o728, FRIEORNK, FEiHEICE T 5  0Eo%H], @R~ oS
IZDOWTIE, TORIMEFPLETDH 5.

I EFRRIGIC B T SRR D A 27 ) LT

3.1 Ta

FEHRMT T, KRGS IC B VTR X — &2 — L LTHEH 7 v a2 — 1 2 5
Bedazrra—rerH—2HnT w5, BIETIE, o ERREEREEC
DWTI6SIRNA 7V 7 a v —4 vy 7T X 0 FEEARE Ol B R EE RS %
L7203, THFEL <V COTICH £ 2. BERREATE |3 FERES R o FEls
FEIC K & Q2T 2 2 L 235 TH Y (Gullo et al,, 2014), FEREE IC DWW T X
D E RIS 2 S B 7201, U EIC oW T O 21T 5 LA H 5. BERE
O REED b OHBEIIIEF ICHERBECC LML NTEY, HEDL AT
L= RN =26 HFBEITHEE S W TE L3, BiBICKE L 720k %
T2 LBRAEECTH B, T2, TOTALA—AEIH—ICOWTH, BFEEEE
DN RTINS D DD, ERROMAEVRFEMEIIRATD 5.

T ZTlE, WEEBFEEE A 1T 5 BFBREIEIC > W C X D ZEIc a3 2 -, mleE
e, KBERBEOKICAZ -2 —L LTHOONE T LI —LERH—IC
DNT, L RAVLL DT FRETH 5 A 27 ) Lt 21T o 7=
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3.2 ES WARES

3.2.1 Al B £

ART ) Ly ay bV Y= v RENICEET 5 720, NEEERA St
KEEREC BT AMBEFECH LT LI — L3 A — 0tz Z1F, 3k e L
7-. BEZGUEHT DNA i ¥ T-20°CTRF L 7=.

3.2.2 DNA i S ONECA e E

TAI—=NERH—ICDOWTIE, AFOFNEIC X > T DNA it %17 72, i
100 ml % &Ly (15000 rpm, 10 73fH) L, EiE%FRZE L 72, LB % TE Buffer
500 pl ICRRME L, RRMERIK 500 ul 2> 5 DNA Z i L 7z, filiH I 13 Extrap soil DNA
kit plus Ver.2 (R &L A A X4 F 3 7 ZWFFEAT, HA) 2, FEEEERIEIT*
v b D7\ b aIchE o 72, B 72 DNA YA H T 1 TE Buffer 100 pl % Fi W,
DNA AR 1$-20°C TIRTE L 7.

VBl DNA AT % I B K% NGS #— e 2 i@ L, 2 B o )it — 7 v
Y —ic X 0, RO HBEERYIIE 21T - 72, 5UF DNA IR IC D T, Nextera
DNA Flex Library Prep Kit # 2727 4 77 U —Ff#l D%, MiSeq Reagent Kit v3
(600 cycle)Z fH ] L 7= Miseq IC X 2 MHHECHITRIE % 1T > 72. %7z, Miseq IC & %
JEPHEC S P 1Tl 2, R9.4.1 7 B — % % V> 72 MinlON (Oxford Nanopore
Technologies, 4 ¥ U X) IC X 2 R DEHIIRE b 1T - 72. MinlON Gl EHI XN 3~ 5
74 72 ) —#HEc 1%, SQK-RBK004 Rapid Barcoding Kit (Oxford Nanopore

Technologies, 4 ¥V R) Z{HH L 7.

14



323 Bea fEpr

FENT ORI & L C, T3 — et 7 —il k4 DNA 2> 515372 Illumina = 7
TV FY—=FIconwTid, ¥ Qscore 30 KD V — FERE, RIKY — FE 20
I, 3K 1 IR EDOLIFTCDO T 4 M2 ) v 7% fastp 0232 1T X o THEFT
L 7z. Minion Y — FIZ2 Wi, 5K 50bp DERZE XU 30bp LT U — Fob] b
5 C %, Nanofilt 2.8.0 (De Coster et al., 2018) IC & > THEFTL 7.

7 4N Y v 7O llumina Y — FICX L, MetaPhilan 4.0.6 (Blanco-Miguez et
al., 2023) ZHW 720 8E D YT 2TV, MEY O FE 2 HEE L. 2%
H Y LTTHE, 774N DFKEICHM A T unclassified estimation 4 7> 2 v %
L, 2BAREY — FOMFEERIC O W T HHEE L 72,

7 4 &) v 7O lllumina, Minion [f] U — F Z{#H L, SPAdes 3.13.0
(Bankevich et al., 2012) @, Nanopore 4 7' 2 ¥ Z 72 metaSPAdes 2~ ¥ F
CXOVEHN T 2y 7Y Z{To72. TR v 7 V%D Scaffolds ICXf L, Maxbin2 2.2.6
(Wuetal,2016)IC X =V 7 %fTo7. €=V I > TERL 2% Vi,
R DAY 7 LICHK T 5 X 5 I Scaffolds #3053 % & & CTHEK & L7z icdl
DEFHVTHY, 120V 1EYOT ) 2%2KT AFRLZE VICDWTI,
GTDB-TK 2.3.0 (Chaumeil et al., 2020) O classify wf 7 — 2 7 1 —iC X % 53 5HEl
D 24T &, CheckM 2 1.0.8 (Chklovski et al., 2023) 1 X 2 S/E 5l % 17 - 72.
GTDB-TK © 7 — X~ — 2 & L T, Release 214 Z i L 7=.

EERE TR EINZ L YR ART ) LT 27V 7 7 5 (MAG) & L,
NCBI 7 — & X—Z 2 LA AREZ: 8 DD K. europaeus x—N7 ) LT vV 7
Y (Andrés-Barrao et al., 2011; Valera et al., 2015) 1Zxf L, HHELRFICHED {E
(RPN (Xv 7 7 LT Z1To72. £3, %7 7 LICDOWT, DFAST

1.2.20 (TANIZAWA et al., 2016) IC X 285 FHERED T / 7 —> a2 v (1T o 7=,

15



TFILDT )Ty avigmEEic Lz aTEETFRUET 7Y ) —#EnTo
#ETE 1T 1, Roary 3.13.0 (Page et al., 2015) %2 fffH L, a 7TEIETOT 74 v A v
k1213 MAFFT 7.520 (Katoh & Standley, 2013) Z 27z, a 7EIETT7 74 v A
v b EHWREEIC X 2 2B O #E 1213, IQ-TREE 2.2.2.7 (Minh et al., 2020)
L 7. REBHEE IC B 1 5 A EE 7V 1 ModelFinder
(Kalyaanamoorthy et al., 2017) 1Z X D #IR L, GTR+F+R2 £ 7 L% fl 7z, Riffihsf
IC BT 5 B0 DL RFF 1L, SH-aLRT i (1000 [B1# v 3R L) S U Ultrafast
Bootstrap 72 31)(1000 [Hl#E V3R L) 1c X W FHE L 72, EFTFE R X O =2 78 7
KA Bt 13 roary plots.py (https://github.com/sanger-
pathogens/Roary/blob/master/contrib/roary plots/roary plots.py, Marco Galardini)
XOHEAL 72, B THEEICOWTORE D729, DFASTICX W 7 7 57—
a vV INTELTEWR % I, egg-NOG-Mapper v2.1.12 (Cantalapiedra et al., 2021)
I X Y ZEBLT DT I/ BEEAIC Clusters of Orthologous Groups (COGs) FEHE 77
TV REY YT, Pl e T ) 27 LR L 72 (Fig. 6). 7x
B, BT — 2= L L T egg-NOG 5 (Huerta-Cepas et al., 2019) ZiER L, &
(TP HERESHEBON 7 TV ICHI D YT O N HHIC OV TIEEFHL TR 21T -
72, £72, MAG TFET 2R IC O WCFHIL, FfES / 4L % 1T
5 72. ¥ 3 GhostKOALA Version 2.0 (Kanehisa et al., 2016) IC X Y ZEEF DT
I/ RS IC KEGG Ortholog #l 0 X4 C % 173 2 Z & CHEfn THERE % R T
KEGG-Decoder V.1.3 (Graham et al., 2018) I X > T&7 / Lk T 2 R D
gEaMEEFHIL 72 (Fig. 7). COGs ¥ERE 1 7 =V M OMRER K 0 7 7 Lfilcolt
BRickiFse— b=y Fic X 28HHENIZ, R422 (R Core Team, 2016) D

pheatmap 1.0.12 (https://github.com/raivokolde/pheatmap) ~¥ v 7 — I X VT 5 7=,
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3.3 i R

3.3.1 KR B IR D 08U P R SR A 7 AT

Toa—eh A — kR e L, BURR4 DNA 2 WALk, BUSIRE % 17 -
7=. Illumine Miseq (1 £ U FEHIE & 1724 Y — FIiTxt L, Metaphlan 4 1 X % 1%
AP FEEI D B CTEIT o728 T 5, 63.6%D° Komagataeibacter europaeus |~ 45358

N, 364%ICDWTIELEI D YT o p 57 (Table 3).

332 KEFRHEIREK T/ LD R ET

Miseq & U Minion IC X Y BCHIIIRE S L7z V) — VoW Z Hwiz 4 7Y v F
Ty 7 IVIZkY, R#ET 7 LB 2 BEL 72, BT 7 L2l 5729,
Ty 7 DICXo THEEINLRERIOET Y (Scaffolds) 14 L Maxbin2
LAV IR (Toe 2 A,2200 Y IMER I N, EE Nz yD
CheckM2 IZ X 2 fWHFHIIC B VT, BV 11220 TIRT /) L LTORKES
/Nd Completeness 25 6.41%, 7/ L~ EYHREY] DRER %2R
Contamination 2% 0.27% & #EE X7z, & v 2 1D T, Completeness 99.93%,
Contamination 1.73%C® - 7= (Table 4). % 7z, GTDB-TK (T X % /3 %EE| b 4TI
L0, ETEE CHEEE X Wz v v 2 1k Komagataeibacter europaeus 1277 X 4,

BV LIS DWW EREI Y BT O 72 o 7z (Table 5).

17



333 WRIFRHKA 2T 2 5Ty 7 V7 ) L e K europaeus 7 7 & D
Hei

H o572 MAG & NCBI 7 — X X — WD K. europaeus 7/ I (Table 6) % L
WS B0, NV MMEN R EIT L. B ORE, 97 23T oih@Ed
% a 7B T L 2046 FFE S N2 1 7 7 LD B D HIEH X N8BT 13 3860
fiil, 2~8 7/ L CHIE E N2 BB T 2581 i TH 72, £TCDT ) LTOHIE
BIETTH2aTBETT 74 v Ay Mtk RHBITICE T, SE1ES
N7z MAG 3, K. europaeus SP3 ¥R L [F] 7 7 A X =1 A iz (Fig. 5).

MAG ¢t [AfET /) L& DB FIERED LI D 728, &7/ L COGs WA 7 =
Y DEEEHR U KEGG TR O eI % 17 - 72. COGs #8E 7 7 =V 51K
DAt FI Figure 6 ISR L7280 TH b, HRHEICTHHE 2 BRI N a1 o7 &
77 LD KEGG RS T 2E 0 LI IC 5\ T, MAG DRI R b 2 FF# &
L T, Cytochrome bd complex X8, Cytochrome ¢ oxidase cbb3 type FEH& R 5 3
THl X 7z (Fig. 7).

3.4 EZ 3

TAA—=NERIT—=DARYT ) LENFEIR? O, ) — N3 2 08E Y 24
TIZTH W T, Unclassified Z F& < 2V — N 2% Komagataeibacter europaeus HK & H
EIN, TV 7Y ROV I X WVERINETERED A X T ) LY
ICDWT b, K. europaeus WIS NIz, TNHLDT & h 6, KEFEETA X —
2=t LTHOOLNE T a— s —OMEYHEIC O W, 13T
7% K. europaeus THEL I N TCWB eEz o, Tv 7 Vavy—ryvy v rg

e ClEERER S 12 ISR I N b o o/ b b, T ORFRRE D =B

18



FE R MR SR B DM ST I B BTN T W3 2 e RB AN, 7v 7Y ay
¥ =T v v TIRITIC B> CRBR L FEREBRAG IR 1 AN EE L CHiERE & L7z
Sphingomonas JEMFF, BEREER % R M IZ 7 v a — ek 7 =25 (3 &
N, KRR CH 2 KilP, KL v 7 CHRBEZORBICHET 3 L& %
b5 . K. europaeus 12\ T L, 10~20%D = BERE L € O BERE AR I HEIC T 5
ZEDBHSN, T OREIC X 2 FIEEI MO R % B 22 B R R C DS & —
L T\ % (Roman-Camacho, Mauricio, et al., 2022; Sievers et al., 1992). 40D
BIC XY, KEFRESFEEIC BT K europaeus DSFEBED Efk%ZH S & & 2R
e X N7z,

L0 M ERETT 5 729, MAG & NCBI 7 — &2 X — 2 {1 O | Al HE 7«
K. europaeus 7 7 L%\, Z OHGEE S CTH B 3 TIBILT & HICRMENT 21T

2728 2 A, MAG (I K. europaeus SP3 HR & i b ilTix TH 5 L H#HEE X 1, KAl

%

Type strain TH % LMGI8890 R TH - 72. T D 2 /RIF EH & b W 0 TR FE e
WE Ot I Nk TH D, b LItk & HEE T 7z MAG D HRERICO W
Th, RESFEERREE 1E)IL L 2 R o C e B PRIEA NG, —J7C, SP3 #E
& LMG18890 #R I/ X LT 2 23, 4 13 F 72 MAG HRIE D 4 s L
T\, DT ED 5, SEENT L 72 k28 04 R AR I & ICHE)IG L 72
TER, oo = —JPHRES OBEEZ RIBL T RN E Z b5, =721, Fl
JARTBE 7 K. europaeus 7" 7 LELH D 75 &, RAHEE I I\ CTUE LI 7o TR 2
SR L D7 7 AR TR BIEECTE b o 7.

EE TR IC D W T, COGs BERE 7 7 = ) R OMREHRR IR D se e ic 2w T,
MAG & [FAlfdiftitk & DI 2 T2 7. &7/ LI1CB1T 5 COGs HEREA 7 =Y Dt
BITEBWTIE, MAG &ty 7 L DR ICBEE 70 22 13 HERE & L7 2> - 72. KEGG fX
BRI D SE MR I 35 T, Cytochrome bd complex K E %, Cytochrome ¢

oxidase cbb3 type R D IR A SE, —HBREEKICIH VT MAG & fthy 7 L DRI =D
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MR I N7z, v+ 710 Lbd ZERT A F -G L 72 R E D 720 D
M ORI E % rIREIC L, MERat-CImER. 57 v 7 V1L, @R, Wik
A E 7 L ost b &Y, —WILER, > 7 e, HiftkFEx & ok
FHEWE~DORG R L, ABRA L AEED» L OREL D726 2 L2RE
TN T 5 (Borisov et al., 2021). & DRI FEEER K D LT &5 IS E % JUT
THEEME D B 2 b5 Y, K. europaeus & [FIRFC®H % Gluconobacter oxydans 12 3%
WTIE, ¥ b7 B Abd A F o X - RBIZER R 72 (ZREFRIREE T o
EB X OMEGEEIC R % MUT X v 2 L 2MEZR E T3 (Richhardt et al.,
2013). % 72, MAG HISRIE TOFELEDS B X 4172 cbb3 B A F & X — IO\ T
X, 70T AN TV TMICHEEL, BEOZLWERIECTOEBLZAREICT 5
7 D ITHIF RIS IS L CHRBLT 2 2 & 231 5 40T 5 (Pitcher &

Watmough, 2004). 245 D X 5 ZRUHITEEKIC 1) 238 W0 RO A F RMEIC

EDX) B EREZ 2000 TIE, ELARIMRPMLETH L. 7z, Sl
Tl NEDIRNTZART ) Ly =T v v T =2 pbEe=v ZIC XV
FEINTEMAG ZH VD DTHY, Tra—rexH—CELL T3
BEEMR D EBRD T 7 LR BRICEK LTV B LIRS v, X 0 3l BB
T % DHERED LI 21T 9 /A I oW T, RS2 Ao L, M4k
MR D T HER AT 5 MR D 5.

SEOFENR & 75 o 7z TIRBRFEMEK ZRTFCE S, Ny 2T v 7
DR 2. Z D72, HIEIREEZ R D 3o T va— et —& LT
HaIntws, KERLZICBWTIIZOMEAREEL 2, Tra—r s H
—FWHETERL R GADEEINDG. RiFFEORR I, HEICHE S FAR
KX VIEBROBEKEATTEZ LT, BWHEDOT VI — L —%H4E
TEZAREEEZRL TS

20



FATE NERER ORBRMEPMEMIC G 2 5 8

i

4.1 9

HERER I, FREAET CHE S N2 BBBRO—D2Th 5. BAREKL,
RERWMAEYIC X VR e clbEIns o, AaEREI vz EL
U7 —RFEMICHE %, SRR % T & § 2 ZRAMZ 1T 5 ZBRRE L W 5 H
BB CHE I NS, ABEREA R EBIFRR2 LB I T L &
N,2023 3 Hicid, [AEEFORGEHEN & L CHERPRME LM
EINTWD, B, ARBERIEST cEEI N TWw 228, T4 IIHGHN T
fhEIncwi. zok, BETEIMEM CH I 2 ¥ 2 AR oREE 3
WAL, BB DA & 757228, AEIC XY BEAZ TN, BIEIT
PEZETi o 3R HIE#To T d., AREXARX1EDI L 7~8 HOEMH
DHICEE X N, Z oW 6 MR VIR L DK b 3. BUEHAR T, K
RY ATy Lo REEICH G DN SRR, iRk, DEoRdEr v F TH
FIAHE L CTW3,

ASEEROEARN AEERIAAEN TOb D e EboTn v, L2 L, A
PR Z M L LCoe T 28554, BLER, fitao v b, WEHICL 2B
LoEEMZLZLE, THILAWHAYOMIEZ ¢ C L PFRICEEL 2 5.
THAE RMAED OEIEL, RIREOBAY 227 Lk b, AfiEA oG E
WCIR b BE A FLBARE IER I Tb R WS, wEaiifE % % 5 nIReEtE2 5
5. 20D b, BEOARMEBREEICE VTR, EARL 7 2 8k 2 it
Lo, 8@ A IchiE L 23E 0 R Tbh T\ 5. BRI
BAEFHLE LT, ZXAEBRORYVRER) AN YOffHARE TN, G
BARD ZRFEME T, FUBARE (31T Lactiplantibacillus plantarum ¥ X O°
Levilactobacillus brevis ® 2 Rf#) 238 if# & 7n o CTILEEFEEE 23T D 4L 5 (Horie et
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al.,, 2019) . T b OFLFRR ILEAERSCMER TH 2 720, BEROEFL LV

BRSUNIC T 3 2 & T, ILBIRRH O (R T & 2 b, FSUNMAEY o BEhiE %

Mzohd, FYVRIE, 24 OBRKEER I v voiliETH v b TE Y (Horie
etal., 2020), 5 HOBFEMROEEHEICE W TEHEREEH ZH-oTWna, KK
RY ATy OFIC X Y FLBEARBES L VREL, vy FETORKOZE %
Z, BlgnwEH ARz 5o enTE R EEZLNS. /7, IHAHENTO 6N T
Wz MO LRI D TR L, BEARL L TRl TiThbiiTw,
KM, KABTRN R CEREOLREMEL S 0, FEF IR RO s &

HEM X A2 2%, K YL T 2 L RHRFOBSE XKW EX O, 2D

BRSE D, “RFRIC BT B IR 2 Ofth O MAEY ORIHICEE S 5 2
LR D 5. £, AP “RFEBETIE, ~RHEMCTOBELEHETH D

Aspergillus B2 H X 03, BRI X 41 4 (Yamamoto et al., 2019) . [EERED
PREROEWIE R Ic EE AKEH 2R E 2 LN, HHEARIC X 2K
BEoZic X 0, AHCRBNEEELZ T 2 el H 5. BLERERIC X 5

A~ DB, ABRERONEICHE LG22 LE 2 LN, [BHRINEARZ

FWABGERIC XY, BITEDOD O L 1387 3 MR R EIE T X 2 R H
%.

7o, AR ORLE T, REACBIS 3 2 WAEY O AR R ISINAT O 7
V. CRFERECIFPERMOAMEA ST 5208, b0, YIhabKD
DHTH O 2> Tlav, “RIERERICE ST L 72 5 L. plantarum X L. brevis 733
BIREDLOOBEE NS 2 L 3T, MATLEREOZKL TREZ IR, JLBEO
o= — 25 & AuZr v (Horde et al., 2019) . 7% L TR L. plantarum <2 L.
brevis BIREICR T EZLNDL D, FORMBCRATZ2IIRMTHSE. —
KA AR S W= AR Tfib i % 28, RIENEICD W TE, R 7%
WEULIT DT, Aspergillus B DWEVI A WeF % HE T2 2 & THGIRE L 7«
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> TV AREED H 5. DR CIBE2RA L T eh, REOWNET
(E— R IR D B CRLBRTR I8 L 72 BRBE03E U, BEBEAYATRE & 72 o T\ % A E
HWnd 5. 20 X5 mAREROFRERF O X 2HAEYOE NI, BEE
THETE Ty, AMEIZARBERORBICL > TRICEEAERETH Y,
RARHHCRES, KEICE T 28EEZH O 2ICF 2 & i, RERREOLENL
RY, EEONEFEICRSVE S, /2, AEROREIIE O RMICERNITTH
hckh, @igay FETOMEYOEVEZFET S 2 & 1F, ATRRREED
LEW % E 25 L CEHETH 5.

AWIFETlE, “RFEER OSSR, SR LT ORIEDOEA I Ol n
v P OEWIC LY, FLERE, ERFEOWEYI~DREENR D 5 Dh L\ ) H A

O BRI R ORLETEOBET 21T o 72,

4.2 KERTT i

421 AEBEZ oHlE & B D LRI

HLERMOECE G 2 20 ICH W2 ABERIICO VT, 2021 SEDRY]
Duy b & LT2021 446 H24 H o8& ZFAM L 72 (Fig.8). ZodlEn v b
LERBRATE (2021 4EFE Lot #0) & L 72,2021 4EE Lot # 0 I DWW T, —RFH%
SHFTICIE R IR PSR RR S REE (BIRIRVESRT B | 5 45 &) D)L
T, BIHICH Y B o 7285 %, A4 7 —ZHWT1IREZ L. ALd Lok
EHLRPT I RE, HEO SEIREICZ 2 X 5 ICRFEICEHD T & v
S, RGN E CHEY, ~RFEMWE{To7. —KFEREIL, 6 H24 H2> 5 29
H% ¢5 HHfT o7z, —RFEWERDOKRIEL D DI HIFFE, RESOKRE K
DN & ZRE R BRI L 72, REIC O W CIIARRT 2em 13 & F THREILL,
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WESIIARFE > 5 RIEDBEZEL Y L 72 BRic, B0 2> & 20~30g FREE %
BRELL 72, —RAFES DRI O W CIREERE AW CTRA LR, 0T
7o I R A IO W T 775mmx775mm D B = — L8 (KEER Y =
FL VB CEED TR, K ANTF VAN, == 8o Eh bk
HEAEDPTCRERRSR, LAMRA L B LELZ LA EAOREERRD 2 F
BEOEOZERYE, “RAEBEHB L (F) 7 Vikh . Eoichidzd
—HICOWTE, LRI, RV REMAWS 2 e BEEAELHED, &
LLER L7t FMRICEAZ#EE, “RAEBEZ G L 72 Rk . %%
B#1%,7 H 20 H¥ <21 HEfT o 72, ZRFEEZRDOTRLEEIT DV T H ERE R ONH
ZEHLL 7=,

FEHRH T Ic BT, HBRAEEE OfMIc b RgM & L CTHfT 5 72,2021 4F
ICIZ Lot#1~6 T, BAR3HET6EDHEEZITo7. 2hbiconTh, iR
o v b & oo AIc S URHRINZ 1T - 72 (Fig. 9). WUEYI D EED 729, Lot #2, 5
LDV TIE—RFEME (RIEROCNED) ” O RFEREAB 2 BRI 72, 7%,
AT RSN 1T 2 729, Lot #1 I DWW TId— R ML (FE KR UH
#5), Lot #2 12D Tld R FEFER, Lot #5 122\ TIE—RFEEE S X N R FE %
HEAEI L. cnbouy MiconTid, kKR REHIFRE L N
CICHTFTICREALZDOARINL 7. &£8liEo y bick T 28EHREICO W
TlE, Figure 9 IC/R L7z, 7nds, REAZR L W THW LB KA, KU N7 Vid,
Yotk R olita vy F THAMAL TE Y, SEEINL ZH5hc B v T,
Lot #1 J U Lot #5 IC B W ClA A2 M L 7=.

NS
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422 FLEE B S OV E R O B L [R)E

FEWECEA D 2 EMIREIC O W TR 2 720, RIEARID O IR K U E
EONBERIE 2 To7-. {BEE 1 g ORI L, 10 ml DPEEZAE/KE TN L
BB L7 2 WMEZAR KT 10 5T OB L, SEFERPARICERL 72, 7L
FEE 7 BEIC 1X, MRS R (A7) W, Tra Xy 7 rvF (ZEHR
b2y ZHWTHER Y ¥ —hc37°C, “HMEEXTo 72, AR TITIARE
F U DOHIE b XN T3 2 &5 50K etal, 2020; HF etal., 1994), FL
B2 R ASE DM 1< D > T, Luria-Bertani (LB) FER R GEEEK 119 U 7 b
v (AN2)10g, BERFTF R (A7) 5g NaCl (F1 7 4 v LAEHEE) 10 g,
FER (BL7 AN LHEME) 15g) ZH,37°CT 2 HEESRICEHRLE. B
HaREICIE, 7 b7 F A b —RFERPR (PDA, HKEEE) % v, 25°CT
THRHELZ. chbpan=—iconT, EERKRTRICHEEZT- 7.

FHEERERICAE LBt R 2R/ FMav =—iconC, FHHEFETE
T o 7. WHRTUG T U, MRS XKML D 2 v = — |3 10 ml D MRS
BEHIIC RS L, 37°CC—BREHiE LESEE L 72, PDA $5#h E ORI 2 = — 1 10 ml
O YPD {RAFEHICHS L, 30°CT—ME, #RE S HFE L 72, &R 1 ml % 10, 000
rpm, 10 Z3fliE-O L, EiEZ2 1%, BiE% 180 ul © TE CTHEE L, Bioruptor
(Y =v 7« NAE) Ik Y, 10 IR, 5 BRA T 5 Rl E LR %2 17 - 72
TRV T protease K iA4IR 25 pl % il 2., DNeasy Blood & Tissue kit (¥ 77 ) % H]
v, DNA ZHiH L 7=, fhiHEEIRF Y b0 7o b arichit - 72, &4l DNA %
#57 & L C, Takara Ex Taq (X 51 734 7)) % H\», 16S rRNA & -8 (FLEE
Ffkam =—) ¥721% 28S rRNA BIZ TR (Rkawn=—) ZX—7 v } &
L 72 PCR Z1T - 72 (PCR &ff: 95°C 3 47ffl— 95°C 30 #fH, 55°C 55 #fH, 72°C
1 7% 40 4 7 v— 72°C 10 43[E)). PCR 7 7 4 = —HIZ LT b D %
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w7z, LR A : 27 F: 5-AGAGTTTGATCCTGGCTCAG-3’(LANE, 1991) ¥
X ¥ 1492R: 5°-GGTTACCTTGTTACGACTT-3’ (Youssef et al., 2009). BEREA -
LROR :5-ACCCGCTGAACTTAAGC-3’(Rehner & Samuels, 1994) ¥ X 8
LR7 : 5>-TACTACCACCAAGATCT-3’(Vilgalys & Hester, 1990) . %5 172 PCR
FEW) % NucleoSpin Gel and PCR Clean-upkit (=% v~ 7 4 « F—7 ) % T
BL,16S 7213288 U A Y — L RNA EnFEIOPE L, KAt~y
TV VXNV (W) ~ORFEIC X VT o7z BAVRREICE, UMTDo 774~
— %M w7z, FLUBER : LAB-seqF : 5>-TCCTGGCTCAGGACGAACGCT-3’. [}
H : 774 ~<~—LROR. 55 N7=HEEHIZR L, NCBI Standard Nucleotide
BLAST (blastn, https://blast. ncbi. nlm. nih. gov/Blast. cgi) (M. Johnson et al., 2008)
W CTHRFED SRR 2R L, % a v = —OEYFEE 21T 72,

BEEDERD 5 b, Ao oo =—icowTli, PDA i E (35°C) THAF
i, Bl 2B T s an=— %257k, Bro—&zHemcHE L,
0.1%FFT ¥ ZFMAT F 7 F A b o — AR EERE L 72, B3R H I
RENEAZBL, Yra=Te—XA0F2—7HNTHEKEEHKL, 350
ul @ LETS »¥» 7 7 (20 mM EDTA (pH 8.0), 0.5% SDS, 10 mM Tris-HCI (pH 8.0),
0.lMLICl) i E L, FEBD 7=/ —A/Z7vuaFVL/4A )T IATILIT—)L
(25:24:1) AT, BML 7. ZEOoHiRic LEZEY, EFEo@) =&/
— BT X D DNA Z[EIL L 72, 2D DNA 288 L L ¢, BWEFRED 720 D
PCR J¢ NER G FEBCHI AT % 1T o 72. PCR I 1% EmeraldAmp PCR Master Mix( &
717 234 ) I ITS B 77 4 = — 13 1TS5 (5°-
GGAAGTAAAAGTCGTAACAAGG-3") ¥ X N ITS4 (5°-
TCCTCCGCTTATTGATATGC-3") (WHITE, 1990) % 27z, & & IRl i fE
FEZITI 72D, ANVEY 2 ) VBETFE2EY] % AnigCMF (5°-
CCCCACTTTGCGGGGCAGAT-3")3¥ X U8 AnigCMR (5’
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TCACCGTCCTGGTCCGCCTC-3")(Toyotome et al., 2020) % FH\»CHE L 7=, %
NZ N oHEE DNA Wi O HEEAECH] % E L, NCBI Standard Nucleotide BLAST

(M. Johnson et al., 2008) IC X o CTHEMERZR L, WEEFEE %17 -5 72.

423 DNAHE KT vV avy—r v vy

AEVRE RGO 7 ©, FREEFR 2 L, M 16S rRNA O ERF ITS
I OT v IV ave = vy v T kiTo 7.
ZRTED> b D DNA il 1%, ISOSPIN Fecal DNA (= v K v ¥ — V) i L, 7o
b I VATHE o TIT - 72, BRI RIC 1E, Micro Smash (+ 2 —45T) & Hw72. #
16SIRNA D HAHEERAT 1% 16S rRNA BT V3-V4 s 2 fE & L, 7+ 7 —F
77 4 ~=—%& LT Bakt 341F (S-D-Bact-0341-b-S-17 : 5°-
CCTACGGGNGGCWGCAG-3"), Y "—RZ 77 4 <=—& LT Bakt 805R (S-D-
Bact-0785-a-A-21 : 5’-GACTACHVGGGTATCTAATCC-3") (Klindworth et al., 2013)
I Mlumina 7 % 7 2 —{eA Z L 72 & © % F w72, BRE ITS faEIC s LT,
77 —F774~—& L TITSF (5-GTGARTCATCGARTCTTTG-3"), Y N —
A7 A ~—¥& L TITSR (5-TCCTCCGCTTATTGATATGC-3")% i \» 72
(Thrmark et al., 2012). PCR ¥EEM 127/ 4V — PR EH: () ~o&Etic
£ U, Miseq (illumina #R &) ZFHWT_7 v FEEF600 4 27 v TRk
JE X N7z,

42.4 KA gt

ZJE > 72T v F Y — FIZx L, fastp (Chen et al., 2018) IC X 3 7 4 L &
U v 7 %4572, 16StIRNA FCHIC /R LCid 7 + 7 — F 5 Kimfil 17 85, Vo~ —
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A 5 R 21 HEYVI V&I X 2 7' F 4 =~ =8 DBRE, 35K 1| AR,
P15 Q score 30 AKiimi ¥V — FBRZ, 3 K2 & 4 HEFESFYS Q score 30 AKimit] U 15
THRATo 72 ITS HIICH L Cld 7+ 7 — F S AR 16 i, U oy— 2 5K
s WRYIVIETIC LY T4 = —EDDFREZTV, X ODZMR
16SIRNA L [A] U D% w7z,

74 NR ) v 7% — FIigxt L, QIIME 2 2021.4 (Bolyen et al., 2019) % T
BT 2 fT o7z, VN—=R Y —=F & 747 —F VY —FOfEGEROESND /7 4
A7 1Z DADA2 (Callahan et al., 2016) (q2-dada2 % #%H1) % Vs, Amplicon
sequence variants (ASVs) ZE L 72. % ASVs fARAA~ DMl E 77 58E] b 24 <
IC 1%, q2-feature-classifier (Bokulich et al., 2018)  classify-sklearn IC X %6 F 4 — 7' X
A RpfEE Tz, pREE D LTIV 2E 7T — 2~ =2 & LT, 16SIRNA 7
v 7Y a v Y — Ficxt LTl Silva release 138.1 SSU 99%, (Quast et al., 2013;
Yilmaz et al., 2014) @ V3-V4 FHIHE 77 %, ITS FEIEIC X L T id Unite version 8.3
dynamic ITS developer (Nilsson et al., 2019) %, &% H b q2-feature-classifier fit-
classifier-naive-bayes IC X 2 JLERER IC{i ] L 7z. Silva release138.1 Z kiC L 724744
#1222\ T, RESCRIPt (Robeson et al., 2021) IZ X 2 7 — & X — B 7 (NBE
g7 7 4 ~—HfHcF-o < V3-V4 fEIk D il 1% 1T, qiime feature-classifier fit-
classifier-naive-bayes IC X 2 LE % 1T 5 72. RESCRIPt IC X % 7 — &~ — ZHEHIC
B, ST EoOBRER F 72 (X 8RR ForsERY) v —2 5T EWEH
FlHlbRZ, WER 7 4 v 20 v 7 (AT &M ER 72 L TR wEcH 2 R -
B =900bp, AHE = 1200bp, EAZEY) =1400bp) K O EHE RS D HIBRZ 1T -
7o, 3 EEI D 4T, ASV EBEFR D O I, TERMAEKR O I Fa v P Y THR & HEE
I N7z ASVs ZFRE L 7=,
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0

425 %5 DT

FEIEAL T 12 @D 2021 4EFE Lot #0 (RIS VR ) 7)) ZREESVR R O 2021 4EJE
Lot #2 A ZEFRHC D W TiE, RHEZB R STz 1 3 v 39— (IMF-700G,
GBREE) THRILL T, Baatricit L 7. ARSI I EERA 2 v < b
77 74— (HARGH) 2R L 2. afralkh, RkrRicKk % 2 < 100
mg/ml 1T L72%%, i< 1 FFEIRE L, 045 um 7 4 v 2 — T A L CHHEL 7-.
717 L IZ 1 RSpak KC-811 (8 mm x 300 mm; FAFIFE 1) 2 K% 60°C T L 7=,
FBEfHIX 4.0 mM HCI04 T, ¥t ¥ 1.0 ml/min 72 > 72, KICHIZ 02 mM 7' e %
7 x /) =7 — EHEERA S, 15.0 mM Na2HPO4 (BI s b -k X &th)
T, WiiElX 1.5ml/min 72 o 7=. BHEREZ B L 720413 445 am 72 o 7=, WERET
I MEIIEE T 2 BEOobTEE (LAS080, HIZBLERT) THbT L7z, bkl
I, WEMERIC 5% (wiw) PV 27 o aBfiE% iz T 10 mg/ml OIEEIC L 724,
FiRT 1 REERE L, 4°C, 10, 000xg, 20 53 D 5fFCimal L 72 1%, LiE% 0.45 um
TANZ—=TAHBEBLCHE L. AT X VvEENT7 =4 v OINTICIE, EEE
Krua~ bt 27774 — (BEEER 2R W72 ofriEkhE, BB EKIC 5 mg/ml
DIREIC T2 X HKET £ P =+ VAVEREABKRZMNZ, i T 40 7HRE
L7, L% 045um 7 4 V2 —CHi L T L 7. 4 7 413 CAPCELL
PAK C18 UG120 (S3) (4.6 mm x 100 mm; &%) % 40°CCERA L 72. B8 I,
0.5% (v/iv) ) vBB/A X J —n (X7 4 v o HeHiSER N S1E) = 82/18, Him (T

08ml/min 72272, AT F VENUTHT7 =4 1%, 280 nm DFERTHEH L 7-.
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4.3 i R

43.1 HKIEDOEK TR TOMEY) 2 v = —KoEA

BLE TR DR CRIE LRI L, FICHLEEE O D 72 9 1 MRS FER PR
Bz, Fih e B0 EE ORI O 72912 PDA ¥ %, % O fth oI5 ATl
FICDWTIZ LB R PR RERIC LV RE 1 g(RER) H720 DR
BAME L7z (Table 7). 5ABR= v b (2021 4 Lot #0) 1IC2\\»C, BRI, Ptk
KD MRS BRI TOEE L, 4.2x10°CFU/g TH - 7228, ZL TEFZ TIE 2
o= — I I T, ~RFEMZRTORF M ONTEORIEL bicaw = —p34E
U7z o 7o, FLEH O FRERE~DOE XG0 b 5 23, ZK L LRI X Y B
[RALITICR > Th Y, —RAEEEKRTO KT 72, ZXAEEEARCI, K
A2 2% 2.6x107 CFU/g, WA 1.3x10’CFU/g TH o 7=, RI "NT7 v Tli, &£
J& 23 9.0x108 CFU/g, WiA% 1.4x107CFU/g TH b, RJE CTHEDL % > 7-. K
M, RV T BN s TR 13 R % Bl X 72, 2021 21
Lot #2 T, Lot #0 IC B W TR E e 2 o 72— KBS AR 2 5 D MRS #ER
EHRICa e = =234, £ 1.0x10°CFU/g, W 9.3x107 CFU/g T, FRic N
ICBWTHEED % 2> > 72. MRS B5HLIC 351 % Lot #2 TO RFEMKRICEH T 2
1% 4.0x108CFU/g TH v, Lot #0 K Y N7 ikl & BHE 2 22 1370 5 o 72,

2021 4FBE Lot #0 5Bt PDA IC 351 2 WHE, Peifizalbhic v Tlid 1.9x107
CFU/g T, 13132 THan = —Th - 7. —RFMEL TIIERIE 7.4x10°
CFU/g, W6 3.3x10° CFU/g T, KIEDWE D% Do 7. T b3 < 371 ek
TH o7, BRka v = —d DB S iz, ZRFEEERARI X, BERHR=
0 = — 2KHFE T 4.1x10%, PERT 2.7x10°, K Y N7 v K@ T 4.4x10* CFU/g,
W T 3.7x10° CFU/g TH - 7=. 71 vk a v = — 3 KZKE T 1.3x10* CFU/g,
AWNHC 5.3x10*CFU/g, KV 7Y EE oML, NET 1.0x10* CFU/g
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Th otz ZRFEBEHRTIEIARMK R Y N7y Bl o7 TR 7 = —2
% o, TNENNTBICE O TED X D S W HADHERD & iz, AR
BiICBWT, Arian = —iZ oW TE—RFEMER 2 LD L 72 b 0 o —Ekk
FLTHY, KU AT HUR L ol UARRERIC S CRHE 1172, 2021 4EJE Lot
#2 TlE, —RFERERAEICORELER = 7 = —(3XKJE T 2.3x10'" CFU/g, NELT
8.0x108CFU/g TH V), /e ffanm = —|3FEKE T 7.3x10'° CFU/g, PNEECHHifE
LTHoz. Lot #2 O RFEBZRREI Tl eian=—3ashnd, B
1 =—(3 4.0x10° CFU/g TH - 7=

LB T Lot #0 D —XFEEZREI 0 b E Uzan = — 32 THERRTH - 7228,
TRFEBBETEZENS FRDOONT, REIPRLZ 2B an = —REL
7. Lot#2 TlE—RFEMBRICEF N ThAkan=—L bt HLkThvan
==V HEEER SN, ZXEERICBLWCE 2B TRV ar = —
DR b Tz,

432 BEERIC X 2 B HEE TR IC B T 2 MEY OFEE

MRS FERFAR D> &, S R 2 REM e 2 v = — % HEE L, SRIARR <3
THDMMERE C & 72RO\ T, 168, 288 rRNA JE{n1 D HEHFECS o MR 1 % 1 [
5E #{T > 7= (Table 8). 2021 5 Lot #0 T, —RXFEEEE AR Tl MRS 2K
W Eican = — 3R NG o728, “RFEWBEERTIE, Kb, &Y N7y ke
M Can=—BEREINE. b FLERIEE C, RFRIED? S L.
plantarum 23, RV N7 Y KED S L plantarum F X O L. brevis 25 & L7z,
—77,2021 £FJE Lot # 2 T3 —RFEMAR R 2> 5 & MRS R Licam = —
DR & 41, Lot # 2 — R AW ARITI1Z, FE A 5 13 Leuconostoc mesenteroides
23, WD 51X L. plantarum 258 H 072, Lot # 2 © R FEME& k2> 5 1%, Lot
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#0 R Y T BB & [FER L. plantarum 35 X OF L. brevis 238iH X 172, Lot #5 T
b, —RFEEERZEELD 5 MRS R i a2 v = =2 X 1, L. plantarum 3
X U L. brevis D3 %>, Weissella paramesenteroides 3 H X 7=, — RFEEEZ R
2> 5 1%, Lot #0 R U 37w 30k Lot #2 & [AEE L. plantarum 3 X OF L. brevis 752
Bz,

FH 7 HEH © PDA JER PR % v 72555 T U3, Lot # 0 — X FEFER Kl 0> & 7
o u =24 BRI Nz, Arian -2 0BEHBYRELZE 2 A,
KFEFE TIE A niger 3 X O A. luchuensis 75, RFPI Tl A. neoniger 73HH
INTz. T, ZRFEBZICOGTD, AGEEHT 3T 4. luchuensis 73 H X
iz, KAk O BEREEE 2 v = — 12D \WCUL, W. anomalus 23 X 4 7=,
—77, RIANT Y ORFECTIE, ZRFEME Tl PDA LICEAka v = — D A
TERL X 41, P. manshurica 23 H X 4172, Lot #0 I B W TR X L2 AR X, R
WC W. anomalus, &V 37V i BT P manshurica ©, FEBERERIC X 238\ 030

PRI NTz Lot#2 TH —RHAMEATETIEIPDA Rich e ikarn = =R I
7203, ZRHEBECTIIBR R e =—DARTH o7, Lot #2 —RAEMBRRIEDL D
(23R8 T A. niger 75, &N T A. luchuensis 75, " RIEWE% CIIERETH
% P. kudriavzevii 3 X O P. manshurica 238 & 1172, Lot #5 12 B\ Tl — R FE W
& C A. niger, A. luchuensis JX O* A. neoniger ’H X N7z, il 7z o
WC IR, A. niger, A. luchuensis X I} A. neoniger 2’ ETH 0, FlERzL T v b IC
LM DECITEE I N o 7.

433 FHERRGUR O MR M O B R RS T
Illumina Miseq % > 72 fllE 16S rRNA V3-V4 fHlf & X VB ITS 8D 7 v
TVave—r vy T h, Lot#0, 1,2, 5 120 W T KRR oMl E M N EH
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DFLE %2 HEE L 7= (Fig. 10, 11). MIE I 2T, Lot #0 Tl, —XFEIE% 13 K)E,
PG /5 C Klebsiera 7%, PRI Bacillus, Pantoea 73 LB S E & CHER X
7o, —RFERFOIBARFE IC OV TIE, RECHER S LT, NEfics T |{
KEIE (0.36%) T Lactiplantibacillus 258 X 37z R FERER IIARM, KD A
7V 3BT & D IC Lactiplantibacillus 73 @86 CHER X I, % DIFELLIZFRER
KL & bele L NBIEREN T X 0 &2 o 7. Levilactobacillus b TR X 4L, KV N7 v
FHosw ORI X v EdElaclonk, £, KUY vikklclk
Dysgonomonas % X U° Sphingobacterium DENGBAMRE L V&2 o7, ZDI3
2>, WELEIC BT Klebsiella 13— RXFEFED> b 51 & #5t 2 ML X M, Pseudomonus
DEEE TR O N7z, Lot #5 TlE, —XFEEZICE VT Lot #0 & [FIERIC
Klebsiera, Bacillus 3 X U Pantoea %> HHHI% < WL & 117213 2>, Lactiplantibacillus
mEl G TR O N7z, Lot #5 @ “RFEFER 1T I\ Tl Lactiplantibacillus D El&
23 E5 L, Levilactobacillus 73 @ E| & TR O 1L 7=,
HRFICDOWTIE, Lot #0 T, —XFEBERICE VTR, KV T VilElOWi7;
T Aspergillus 238 L T 7z, RIEWHR T I Aspergillus DFIGHMET LT
Wickerhamomyces D3EN L 7273, Kifadklc X v mElaTcdb o7z, —J7, KU A
7 BN BTl Pichia DEIG S HEHI L 72. Lot #5 Tl, Lot #0 & [AlkRIC
FWEF2 13 Aspergillus 2813 & A 8% 6, “RFEREER T Lot #0 R VU 7 ik
& [RIRRIC Aspergillus DENGAK T )Y Wickerhamomyces 3 X U8 Pichia O EI&HEN
BE O N,
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434 1 BE B O 5o T

BEH 2021 FJE Lot #0 A LR KX UF Lot #2 A LEARHT 2w T, AREIEA,
HT7 A VRO ATF VR, BT 7 BRSO\ TR 9T & 1T - 72 (Table 9,
10, 11).

N7 2 A VROEAT F VEHIZOWTIE, Lot #0 IZBWTARIEE K Y N7 T
TR D TR X 7z (Table 9). Lot #2 12D W T E, Lot #0 & HC L, =7
OATFEFUHL— FERBBEDL .

AHEIEFIC DWW T D, Lot #0 ICEB W TR & R Y N7 CRRE O EE ot
X7z (Table 10). £ 7z, Lot#2 12 DWW TIE, Lot #0 & HK L, ¥ = VEEE, #
A EIE & DMK D - 7=

WElET 2 7 FREHIC D\ T h, Lot #0 IS B WTARIA & K ) 7 CRFRE DR

«
(254

THH &7z (Table 11). Lot#2 I W T,y 7 3/ BRIE, A =F v 2R\

Lot#0 D 2 3P X VIREBEZ R L, REICOWTH Lot#0 DEDLUTTH o 72

4.4 B 3

AWF7E T, AEEERAOELE TRICEWT, ZREBICAMEHW=54&¢
RYANT Y AT ICRFICES T 2MEYTEER D 200, 77, %
FERE TAEh AL, Bhgim v M X ) BEYIFEREICE VR D 5 D0, &
5 2 & FH i % 1T o 72, B e AERER O BLE TR T, S RFEREIC B W
TARMICEERE YO TRERZITo T2, BIETCIIR Y RICEEL AN,
ZEHINIZIRETHBEEIT> T 3.

Bk I AR E S T o v, dgiliEo v + (2021 4 Lot
#0) OAMGEL & RV AT VB A OAREE e v b (2021 FEE Lot #2,5) ©
RFEWER IS L v 2l X, FEWESALIC X & 3 Lactiplantibacillus JET® Y,
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AWEGEIC B T, FLERE OMEIH A RE R AU ICE L T 5 T & 2RI X
N7z, M BEEREE T 35\ T Lactiplantibacillus 1%, —RFEWEW Lot #0 DK JE
ke NSRRI 2 LI 2 &, R Y N7y ROKREUR O 75 12 350> T NERER
Bo@EmnElGZR L 2D b, “RERTORENIIL, BEREE 0K
X7 855 Lactiplantibacillus JEDEBIC X VL 72&FichoTWwW3 EE 25
5. L brevis ICDWTIE, Lot #0 & Y N7 VB K O Lot #2, 5 Tl X v7z 23,
Lot #0 RifFEHC B W CTII Bt S N - 72, MIETEEMEMRIT OB RICE W
T Lot#0 & U N7 Vil R U Lot # 5 IC B W C IR & El & ©
Levilactobacillus D3RR X L7223, BIAE, [RIEEORLE R v +Th L. brevis DR
HICHERD D s, BIERICX 27 TH 25 L 9 H X TIX 7> (Horie et
al., 2019) .

2021 FEEoPEELE R v FTH D Lot #0 Tid, ZRAEBZDOKEICDOWNT
\Z, L. plantarum 3 X O° L. brevis B BEE T 23 53, —RFEBZDORED LFL
PR DBt E N d o 72, —J7, Lot#2, 5213 —RAEMBORELLL I
LATHEEI N TV 5. E 72, MERFEREMGE RN IC BT Lot # 0 O —RFERE R
B2 & D Lactiplantibacillus DBHEIG X Z D (FE: 0%, NER: 0.4%) TH
% 2%, Lot #1 IZ DWW TIIEIGE D EA L(&KE: 0.1%, NEK: 7.0%), Lot #5 O — R F& M
Bk B LTI R EE S (15.6%) TR SN Tw 5, —RFERITIFAR
A TITON S 28, FREENTIC IIRRN 72 22 5 4G 13 7 <, B4 G ICf: S g
FIHE L A CHME O R AEBFMIGIVERE L & b, —RFEEHENIC S
W h LR S BGE L 22 REEDS B 2. 72, vy P ST IO TR
BT D Lactiplantibacillus OFBHEGBEML CTWb 2 &b, ZOILMEIC
DWTERTELE T v P 2L DRFLIARY D AR E Z b D, Fric, —X
FEREICAE S RFE IR FRFEE R I NE DL TEY, Lot #5 Tl 2021 4F1c— L%

T o RV O T WS, 20 IFELER I, W2 CHAM X
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nzH, milhgEa y b L5 IiEw, AR TEKINEREARbIAE
N, AZ—=2—=Clno TCHRBEPLETH2DO0b L\, —J7, FEYRE o ELE
TRIFLABDEEI R NEEZ LD 720, LR O LT IR 25 5
LHREMED D B

BHEICOWTIE, —RAERELAE T dspergillus EER PR I Nz fics v
TIEEURHE CHl L T a8, “REEHRGRHT B3V T, REEARLE R Y 37
Y AR O & 72 BERRIC BHAE 2008 0 233880 S Tz Lot #0 O AR © R KM%
1T 2 7 RZED 1, W. anomalus D37 8EX L7z, KV N7 TERFEWEER T -
T2 REED B 1L P. manshurica 73578 & 3172, Lot # 0 SURHT DWW T, PDA J5HBIC X
I, —XHEECIE A DI e = — I 5o b T niER, T RHEEE
TRk a0 == Kin 2 o Tz, —XEBECTELL Tk
Aspergillus 73 —XFEBZRITIIHE I N W LIZLARTIC D RE TN TV 3
(Yamamoto et al., 2019) . ERFFEMGHITICB VT, —RER R TIIRTOD
BHC Aspergillus DB 5 DHER &, RIS CIIBER DR S Nz, T 72,
Lot #0 T RFBZLICH AL TR O W2 BERHE, KRIFT Wickerhamomyces ,
R Y N7 YT Pichia TH Y, ZOMEmM S EEEL —HL Tz, LaL, BEE
ICF VT RFEBRICK E SR U 72 Aspergillus 13, BERHFFEMSERNTICES
W IR RIS T b EEIS CHER S Lz hE, RN IC Aspergillus
D% BICIRE 72 ZFEEARTRE L o 1228, EMB DL I 67 7 LT L
TW2720THBEFHRINSG. Lot#0 DF VN7 % v 72 RIS R 5
5% Aspergillus 2350 HE S W b 5 7203, A% W2 cli3 bR n
7o, THUEARM T D A A 7o SR ICE R 3 2 AIREME DS & % 25, AFRER
D " RFEWET D Aspergillus JBEEH OEKENCDOWTIIAHTH Y, Z R WE

“@%2%‘5&1011\"( %*ﬁgﬁiﬁ,\%\@a‘é 3.
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LERER O JRIRIZEKIC 1%, FLBEE - Aspergillus JEEH D132, BERFICD W T
HETH 2 LE 2 LTV % (Toyotome et al., 2019). Lot #0 A 2> & 43 X
M7= Wickerhamomyces anomalus \Z 2\ Tl, 7 K77 A v h HAEE I/ Bt X
n, iz F L o@ElIAEICX 37 4 v AE LEEM TSN TWwE, Lo, 7
AV OFYLWEYHIEIC W RIFAHEL G 2B 2L dHMoNTEY,
W& IS T 22 THL T\ 5 (Padilla et al., 2018) . & DOFHITIF AU 7 5&0F
% I (Walker, 2011), KW TOHRBIGEMIC & o THIEDMEAE X 7z alREtE 23
H5. Fl,Lot#0 KU Lot #2 ICB T BRIV N7 vic X 2 ¥EE o d iz
Pichia manshurica 1%, £ B8R O ZRFERER: TR 25 & U (Toyotome et al.,
2019), FEGHEEOEESEICHE T, ZOFEERT L/ — v, MO EER, T
H ORI R T VERRIMPEKO R F2 b 7253 2 & AH STV 5 (Zhang
etal, 2017). TN 5 DEERHIFRELEICEWTZ OF Y CHEYHIMEIC B\ T
BrRlzdeHEzoh, SHERGEOMEBIC X o TR 2B T 5 2 & T,
RASEL A DEWIC O S B AJREE A B 5. 72, RFEIEL Lot #0 D R,
FEFR L, KERCEWTX ) BEIA CHAPHERINZZ L 2D,
KIEE 7 D LI R 72 &P IC K 0, BERE O A B MeE X Lz il RetED H 5.
BRI TIC B VT, Lot #0 AN, KV N7V ikklo s 7 = 4 vEED
BHERE, BT XV BBICEEE I A LN R P 0T, D0, BERBICK 2
BAXEL I S E ~ D E R T E ARSI WTIRENTH 3 LTI ns. L

ok

L,Lot#0 & Lot#2 iICHB W TR T 2 VMEBICE W THERENEREI L
2. Lot#2 ICBWTy 7 I JEEE, A Lr=F v EENEL, 2o T I /I
KEBTH o7, THIL, Lot#0 & 2 TO RFEFBEHM D& (Lot #0: 22 days,
Lot #2: 18 days) IC X 2 H DTH 2 A[REMEDE 2 b 523, FHllicowTlE, &
O MR METH 5.
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SRlOFHEIC LY, BfE0EEZ W56 L a8 E 2 W86 0
FFEEREE~ DB MG L 7o, BUERFICE &3 2 AL RARE, —X
FiEE b ICHLERBICL O TH L TH 2585, FEAKDICHEE REL A LN
VDD, RIANTY 272 BE08GEIC BT, KT ORHHY 75 BhE
ISRV EE OB ELETRETH B LR I 7z, AREER AR S LTHE R
256, RALT K, WELZAKER D02 MET 5 L EETH L. X
E L2 REERIT O B0 TE, ZRAERICE YV EROFR ) N7 %
TRIEPANTH S &2 o d—T7, Kz Hw256G, BK1Zd %
AIREVEDS D 0, Z DoEEMIMEE T2 2 LA TEZ2b Lhawy, Bhid 3
% RIS S OF Aspergillus J& D —RFEERFTDORFICOWT, BLUERIRIC L 2725
I TEY, INLIEE/EY RS AL, BENEICHELY 5 2 5 TRtk &
%, %72, YIEELE D 2 AT O RS A IC o WT b, EHE L 7o B A HEMEASRIE
INTz. Lot #0 X b W0 ILE Cld —RAEH R ICB W THARE IR TN TH
D, AEOHI T v F 25 DFRFBIARDPTRBR I N, FibiARZEREL Ca vy
MCX YRR AE T 245 L, BEOWRBEZ N2 13D, Kifiz v
LR ICH T 256, " RFERZLKEL TT I 7o icylla v F TIEFRY
TYERRG, ZnbEOr Yy PTEFTEE Vo E3EZ LN D, FERED
fiEicOnTdH, —RFEMBROEEICOWT, KENIOFREITL Y EEHEDOI
BRI I N T2 2 &b, —RAFLDORIENTTO A 2 /HH L T RF
BER{TH 2 LT, XORELABEREENTZ 200 Ltk .

Wi v'a ol e = =3

CERE N e
H2E T, I6SIRNA 7 v 7' ) a vy —7 v 2% v, HEERREKE O 8
EREIC 351 2 MRG0 RE 21T > 7. MO R 5 2 FHHO R FE
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FERFFOMTICHENT, TX ) —VRERBAD LI 524 I v 7icEsT 5
Komagataeibacter J&NFEEF EI & O 208N, BN O &ElE < OE 5 R
DMER I NIz, o OREED B, FFERIC X 2 KEFREIE IC 55 5 AEYH
SR DR EEDHERR S 7z, T DFEFILRBEIRETFERE D WA 1< Bl 3 2 BLREr 7«
THHRERMT 2 D0 TH Y, KEFEEEIC BT 2 FEEHETE O Ro#ifl 1c 537 D Al hE
Mrd 2.

$3ETIE, REFEFEAREECE T 2HEFETH S, Tra— e —xfL
TARYT 7 LNt AT, X0 FRl R WERR R 2 8IS O W TRET L 72, #iSA o,
VEEBFEBERE I 5 CHRER AT 5 WERER IS D W C I, AR T—RIIC A S
N, EFEREELE (<3 it % F5 2, Komagataeibacter europaeus T % Z & D571
Iz T, COWKIE, RfEodR T, I—n v oS THE S L FEBHRE
WD B oM N bR LIERCTH B LHEE X Nz, SFHE % 1T o 7 KEREE S
BEC BT EE M) E % 3 2 B I fh O RS FERERE & MR TH 5 L AR
I, KERR EHEFRSKDNEEICE VT, XVEREKOBEAICLY
T EE D b D% AT E B ATREMEDSR S L.

FA4TETIE, ABEBERILEROLEELZ OMAEMEICE 2 2B IOV T,
BRI 16S TRNA, B ITS 7Y 7Y avy—r v v it ko THE
L7z, fRD 5, ZRFEFERFIC I 2 BLER 8 D 3E W S FERER O U YIS I
WEBRG 25k, FREORBEGAIC X 0 MAEYBEEMEN B2 2 L2 A
L7z, AFEIC X Y, ASREROLHN 8L ICH IC X 2 8o % ko m
Eee, ABRER LSRR RRIC X 2 8LE O REICED B ATREED D 3.

KIFFEClE, REEFOMEYRE CO WS, TS Vavy—4r vy vy
fENT RO A 257 7 Wtz bl e LEFiEZ2HOCGHEZIT> 72, N A —
Ty b= v — T T RN, BEERIRAAE CHEHR Y 7 A R B AT AT 23
ARETH Y, INODFEEEMA VLY, HERFLHAGbE THAL 2
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D33 b, REELOWMAEMFHMIcEWCESTHE EEZLNS. S0
B RAT o 7oKEE, ABEEIR & Vo ZRBRMICE VT, FRICBE T 2 5
A DFENIC DWW TRRET L 7o fth, BLERS O SR I X 2 AR ERE O
HEOBR WS e, RS S, KEFIC B\ TR IR K O BRI B A F
THEE A TR T & 2 AREMEAVRIE & 1, AR IC B W CIIETEME Y OE
F APIMIEIC © % 2 AlREMEDS B 2 & 7z, FEER LS I 31 2 B EY) I
DT OFHMNE, BLUESAM O R, MEYRHE OGN X 2 & DR l, %
e, REMEYOEBER, RAMIEIC X 28 oretim Licoan ) igs
HTHETH S,

HEE

K DOFITICH 20, HEAE L LTEHE KA TIHELHE £ L IR A
JICHEYIRIET EE BRI L 9. 72, Y RS,
M OIS EESE BT A ITZE AT SRRt 1, AFSUERICH 72 0, FlfEEH
B LGHEYIZRCHEZHY £ L7z BEAOR#MPL LTI

T HTIC S 72 720 - AR ST T3l 2 v & — PEREE &L, B
[FIE IS S 1 7 720 e IR SR AER S BREE AT IR BRI SR e B, KRS
BACBIL CH KRBTSR £ L7z NIREEER NS tE S8 s R I i K
HOBERL T, £/, WIFEMELE LT, KEEUR % CIRETE - 72 IR RS R
A& DERE, GHEAEE % SR 72 720 72 NPO AR BE R 27 = 7 Rk fik
Mt B TS SERT Visee DERRICEH B L LT £ 5

PG O T 5 2 TT & o 2 RFAHREDIZEATAT B O BRI < B L
LFET.
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Table 1. Sampling conditions for high acidity rice vinegar samples

Sample number Sampling date Sampling time

Elapsed time after moculation (h) Notes

R R N N S

—_ e e
w N = O

2020/2/21
2020/2/23
2020/2/25
2020/2/27
2020/3/1
2020/3/2
2020/3/4
2020/3/4
2020/3/5
2020/3/12
2020/3/12
2020/3/17
2020/3/30

20:30
7:50
15:50
17:00
9:10
10:15
8:55
18:30
12:35
8:15
15:40
12:20
1520

1.0
36.3
92.3
141.5
205.7
230.8
277.4
287.0
305.1
468.8

476.2
592.8
907.8

1 hour after moculation

2 days after inoculation

4 days after moculation

6 days after moculation

Start of acetification

After 1st charge

1st discharge

After charge After 1st discharge
2nd discharge

11th discharge

After charge after 11th discharge
17th discharge

End of fermentation
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Table 2. Sampling conditions for low acidity rice vinegar samples

Sample number Sampling date Sampling tine ~ Elapsed time after moculation (h) Notes

1 2020/2/7 14:40 1 1 hour after moculation
2 2020/2/8 17:30 27.8 1 day after inoculation
3 2020/2/9 16:45 51.1 2 days after moculation
4 2020/2/10 920 67.7 Start of acetification

5 2020/2/10 18:10 76.5 Before 1st charge

6 2020/2/11 935 91.9 Ist discharge

7 2020/2/11 14:40 97 After charge

8 2020/2/12 11:48 118.1 3rd discharge

9 2020/2/12 17:30 123.8 After charge

10 2020/2/13 13:15 143.6 5th discharge

11 2020/2/13 1830 148.8 After charge
12 2020/2/14 12:10 166.5 Before 7 th discharge
13 2020/2/21 12:35 334.9 28th discharge
14 2020/2/21 17:05 339.4 After charge

15 2020/2/25 5:00 4233 End of fermentation
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Table 3. Classification assignment results to metagenomic reads derived from

inoculated source alcohol vinegars.

Taxonomy Relative abundance (%)
UNCLASSIFIED 36.4
Komagataeibacter europaeus 63.6
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Table 4. Evaluation of metagenomic bins by CheckM?2

Name Comg C ina i Compie _Model Used Coding Density Contg N30 Awerage Gene Length Genome Sizz2 GC_Content Total Coding Sequences
maxbin2. 001 6.41 027 Neural Network (Specific Model) 0.813 17733 217.5840266 479986 0.57 601
maxbin2. 002 99.93 174 Neural Network (Specific Model) 0.845 137942 301.3950845 3475987 0.62 3255
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Table 5. Results of classification assignment to metagenomic bins by GTDB-TK

user_genome classffication fastani_reference  fastani_reference_radius fastani_taxonomy fastani_ ani fastani af classification method
maxbmn2.001 Unclassified N/A N/A N/A N/A N/A N/A
maxbn2.002  Komagataeibacter europaenus ~ GCF_000285295.1 95 Komagataeibacter europaeus 98.1 0.827 ani_screen
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Table 6. Geographic, Biological Origins and data sources of K. europaeus genomes

used for pan genome analysis.

Assembly Accession _ AssemblyName _Infaspscific Names Strain_Total Sequence Length AssemblyLevel  WGS projsct accession Geographic origin Biclogical odzin

GCF_002173515.1  ASMDI7Z3S5Ivl  SRCMI0N446 3797909 Comglats Genome SouthKorsa Food

GCF_0259%43751  ASMDSO371  LMG 1880 3963914 Contiz BAQHO! EssingenGermany ~ Submergad culture vinsgar gensrator
GCF_000285295.1  ASMDSS2Ovl  typestminlMG 18890 4227398 Scaffcld CADPO1 EssingenGermany ~ Submerged culbture vinsgar gensrator
GCF_0012736451  ASMI2736%1  CECT 854 4113774 Contiz LHUQO! Tamagona, Spain Graps vinegar produced by the traditional mshod
GCF_0141211651  ASMM412116v1  GHI 3809040 Contiz JACHUUO1 Kazbdstan: Nor-Sukan  Kombucha tea

GCF_000227545.1  ASMD75&1 MG 18494 3991281 Scaffcd CADRO1 Livbfana Slovenia Red we vine gar produced in submerzed biomactor
GCF_0002853351  ASMDSS33v1 593 3989313 Scaffcd CADSO! Switedand Submerged red wins vinegar

GCF_000964485.1  ASMB6448vl  NBRC 3261 3631393 Scaffcld BANDL Nishinomiva Japan Myrica rubra, St

62



Table 7. Results of microbial counting using culture method from Ishizuchi-kurocha

samples manufactured in 2021.

After primary fermentation After secondary fermentation
. Before fenentation
Isol: )! .
Production lot ;‘;Z:l?: mocr;)hcgggy Wood box Wooden barrel Plastic bucket
U]
After Wash  After steaming Outside Inside Outside Inside Outside Inside
MRS 42x10° nd. nd. nd 2.6<100 13x10"  9.0x10°  1.4x10’
Yeast like 1.9x10” 41x10"  27x10°  44x10'  3.7x10°
DA zxd 0 nd. 7.4x10% 3310 0 2T . do 370
Lot %0 .d. 1.3x10 5.3x10 3 1.0x10
Large 4.8x10° d d 3.1x10°  15x10°  42x10°  3.2x10"
nd. n.d.
LB Small n.d. n.d. 2.0x10"  4.2x10° n.d. 4.3x10°
Mold like n.d. 8.4x10° 1.2x10° nd. n.d. nd. nd.
MRS 1.0x10° 9.3x10’ 4.7x10°
DA Yeast like 2.3x10" 8.0x10" 4.0x10°
Mold like 7.3x10"° n.d. n.d.
Lot #2 n.t. n.t. n.t. n.t. - 5
Large 20¢10"° ) 3.8x10
LB S o 7 ¥
mall 2.5x10
Mold like 7.3x10° nd. nd.

n.d.: No colonies detected. n.t.: Not tested. Lot #2 does not undergo secondary
fermentation in wooden barrels.

In PDA after primary fermentation of Lot #0, colony morphology was not counted
separately, but many mold-like colonies were observed, and a few yeast-like colonies

were also observed.
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Table 8. Lactic acid bacteria, yeast, and mold in Ishizuchi-kurocha manufactured in

2021 identified by culture method.

n.d.: No colonies detected. n.t.: Not tested.

Lactic acid bacteria Mold Yeast
Lot#0  After primary fermentation Outside n.d. A luchuensis, A. niger n.d.
After primary fermentation Inside n.d. A. neoniger n.d.
After secondary fermentation Wooden barrels Outside L. plantarum A. luchuensis, P. citrinum W.anomalus
After secondary fermentation Wooden barrels Inside L. plantarum A. luchuensis W.anomalus
After secondary fermentation Plastic buckets Outside L. plantarum, L. brevis n.d. P.manshurica
After secondary fermentation Plastic buckets Inside L. plantarum n.d. P.manshurica
Lot#2  After primary fermentation Outside L. mesenteroides A. luchuensis, A. niger n.d.
After primary fermentation Inside L. plantarum A. luchuensis P.manshurica

After secondary fermentation Plastic buckets

Mixed L. plantarum, L. brevis

n.d.

P.manshurica, P.kudriavzevii

Lot #5 X .
After primary fermentation

After secondary fermentation Plastic buckets

. L. plantarum, L. brevis,
Mixed i
W. paramesenteroides

Mixed L. plantarum, L. brevis

A. luchuensis, A. niger,
A. neoniger
n.t

n.t

n.t
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Table 9. Caffeine and catechin content analysis results of Ishizuchi-kurocha samples

manufactured in 2021.

Caffeine, Catechins (mg/100g) 2021 Lot#0 Wooden barrel 2021 Lot #0_ Plastic bucket 2021 Lot #2 Plastic bucket

Caffeine 1680.3 1843.3 1656.5
Epigallocatechin 1597.7 1538.8 1362.6
Catechin 137.7 135.0 206.1
Epigallocatechin gallate 18.1 19.0 317.3
Epicatechin - - 329
Epicatechin gallate - - 49.4
Total catechins 1753.5 1692.7 1968.3
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Table 10. Organic acid content analysis results of Ishizuchi-kurocha samples

manufactured in 2021.

Organic acids (mg/100g) 2021 Lot #0 Wooden barrel ~ 2021 Lot #0 Plastic bucket 2021 Lot #2 Plastic bucket

Oxalic acid 1021.4 1157.0 396.8
Citric acid - - 442
Malic acid - - -
Succinic acid 145.9 133.8 97.7
Lactic acid 4904.3 4815.5 4666.3
Acetic acid 207.3 174.8 474.1
Pyroglutamic acid 25.5 27.7 24.8
Total organic acids 6304.3 6308.8 5703.9
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Table 11. Free amino acid content analysis results of Ishizuchi-kurocha samples

manufactured in 2021.

Free amino acids (mg/100g) 2021 Lot #0 Wooden barrel 2021 Lot #0 Plastic bucket 2021 Lot #2_Plastic bucket

Phosphoserine 189.4 172.2 73.3
Taurine 327.9 297.3 83.1
Phosphoethanolamine - - -
Urea - - -
Aspartic acid 252.1 239.1 123.5
Threonine 88.8 81.9 42.1
Serine 75.7 70.4 24.8
Asparagine - - -
Glutamic acid 366.1 326.5 98.1
Glutamine - - -
Theanine 10.0 9.4 7.1
2-Aminoadipic acid - - -
Glycine 54.1 50.8 35.8
Alanine 166.5 144.8 73.3
Citrulline - - -
Alpha-aminobutyric acid 14.8 13.7 8.2
Valine 123.6 112.2 68.3
Cysteine - - -
Methionine 29.1 23.5 10.2
Cystathionine - - -
Isoleucine 122.2 113.0 47.9
Leucine 281.3 250.9 126.3
Tyrosine 156.1 140.3 27.9
Beta-alanine - - -
Phenylalanine 163.5 146.8 71.2
B-Aminoisobutyric acid - - -
Gamma-aminobutyric acid 36.1 34.4 47.5
2-Aminoethanol - - -
Ammonium chloride 150.9 158.4 60.9
Hydroxylysine - - -
Ornithine 6.5 9.1 54.4
1-Methylhistidine - - -
Histidine 89.2 71.9 36.7
Lysine 183.8 170.0 118.3
3-Methylhistidine - - -
Tryptophan 51.5 48.8 -
Anserine - - -
Carnosine - - -
Arginine 262.8 226.5 30.9
Hydroxyproline - - -
Proline 86.7 79.9 443
Total free amino acids 3288.8 2997.7 1314.2

(*Theanine and sarcosine have the same retention time and are difficult to distinguish,

but tea is known to contain theanine, so theanine is used.)
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RVM + W
LT

RVM

Figure 1. Ethanol concentration change and sampling timing of high-acidity rice vinegar
samples.

Dark yellow: Ethanol concentration (EC), Green: Liquid temperature (LT), Light
yellow: Liquid volume in fermentation tank (LV), Purple: Input amount of rice vinegar
mash (RVM), Light blue: Input amount of rice vinegar mash and water (RVM + W). All

values are relative.
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,/ RVM+W
_/ RVM

Figure 2. Ethanol concentration change and sampling timing of low-acidity rice vinegar

samples.

Dark yellow: Ethanol concentration (EC), Green: liquid temperature (LT), Light yellow:
Liquid volume in fermentation tank (LV), Purple: Input amount of rice vinegar mash
(RVM), Light blue: Input amount of rice vinegar mash and water (RVM + W), White:
Alcohol sensor resistance (ASR), Light green: Destination tank volume (DTV), Pink:

Pre-filling tank volume (PFTV). All values are relative.
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Figure 3. Results of microbiome analysis by 16S rRNA amplicon sequencing of high-

acidity rice vinegar and low-acidity rice vinegar samples.

Relative abundance of the top 20 bacterial genera in high and low acidity rice vinegar

samples.

70



Shannon H'

[SSI N T

o Shan'gon diveggity index (H’)
[e=) (%] — (%] [\ (9]

0 100 200 300 400 500 600 700 800 900 1000
Elapsed time after inoculation (h) —O—High_acidity

Figure 4. Change over time in microbiome alpha diversity (Shannon H') of high and low

acidity rice vinegar samples.
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Figure 5. Results of pan genome analysis of metagenome assembly genomes from
alcohol vinegar samples and K. europaeus genomes in the NCBI database.

A: Phylogenetic tree derived from the core genome assembly and gene
presence/absence plots against the phylogenetic tree. The values of the branches of the
phylogenetic tree show the support values calculated by SH-aLRT and UFBoot.

B: Pan genome frequency plot. C: Core, Shell, and Cloud gene count graph.
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I: Lipid_transport_and_metabolism
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Figure 6. Heatmap of counting results for COGs categories of metagenome assembly

genome and K. europaeus genomes in the NCBI database.
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Figure 7. Heatmap of KEGG metabolic pathway completeness of metagenome

assembly genome and K. europaeus genomes in the NCBI database.
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Figure 8. Ishizuchi-kurocha test lot (2021 Lot #0) Sample manufacturing method and

manufacturing schedule.
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Figure 9. Ishizuchi-kurocha production lot (2021 Lot #1, 2, 5) Sample production

method and production schedule.
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Figure 10. Results of bacterial community structure analysis of Ishizuchi-kurocha

samples manufactured in 2021 by 16SrTRNA amplicon sequencing.
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Figure 11. Results of fungal community structure analysis of Ishizuchi-kurocha samples

manufactured in 2021 by ITS amplicon sequencing.
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