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Table 1 Species level Alpha diversity analysis
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E <
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Shan- 0.11 0.11 = 0.09 =
non 0.01* 0.01* 0.00*
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Fig.2 Venn diagram of species distribution at genus (a)

and species (b) in gas—producing vinegar
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Fig.3 Relative abundance of bacterial species at the genus (a) and species (b) in gas—producing vinegar
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Table 2 Main COG functional units in gas—producing vinegar genes

COG % & COG % & ek M FE%

COGO531 2 BB o B R R #12K @ AimA/YbeC, R JKBR .H'F @ 4 12 & & R 4k (Serine A 2.604
and glutamate transporter AimA/YbeC, amino acid: H* symporter family)

COG2814 R 44 T 4548 45 ShHEd 5 A5 Ara) ,MFS % #% (Predicted arabinose efflux perme- B 2.228
ase AraJ, MFS family)

COG4975 # HHEHEIK @ GleU(Glucose uptake protein GleU) B 1.037

COG4690 =k (Dipeptidase) A 0.868

COG0747  ABC #izdir %%, B 44 (ABC-type transport system, periplasmic compo- A 0.814
nent)

COG0697 2 AR 4 3532 R & (DMT) A2 K 4k 49 i K 85 [Permease of the drug/metabolite A.B.I 0.728
transporter (DMT) superfamily]|

COG0436 R A SBR[ 2 BR/BE 20 BR 2% 2 B (Aspartate/methionine/tyrosine aminotrans- A 0.693
ferase)

COGO675 4 )it B (Transposase ) K 0.674

COG0730 T AR ER 34 B A TauE/SafE/YfcA Fo 48 % i@ i 8 UPFO721 % 4% (Sulfite ex- G 0.650
porter TauE/SafE/YfcA and related permeases, UPFO721 family)

COGI113  L-X % Btle4iE % G R A8 X 8 & (L-asparagine transporter or related per- A 0.628
mease )

COG0561 # W ke BAER B A0 € HAD R % # 8 8  (Hydroxymethylpyrimidine py- C.I 0.595
rophosphatase and other HAD family phosphatases)

COG0834 ABC B R A BRI EMZ T HF 2%, BRARS/%# (ABC—type amino acid Al 0.494
transport/signal transduction system , periplasmic component/domain )

COG3579 Z. ik B C(Aminopeptidase C) A 0.477

COG0438 Al tn o BE 4 09 48 K B A B (Glycosyliransferase involved in cell wall E 0.471
bisynthesis)

C0G2801 # i W F Rve (i # F g% & B4 8 ) R % 1S3 69 5 )& B InsO[Transposase InsO K 0.442
of transposable element 1S3, Rve (retroviral integrase) family]

COG0463 B fm i BE A A 89 4B K # 45 B (Glycosyliransferase involved in cell wall E 0.422
bisynthesis)

COGO0178 # % 2 BB UvrABC ATP B I 3k (Excinuclease UvrABC ATPase subunit) D 0.421

COG0656 BE/BR 3R JR B | 5 = BR A R BA AR R B A & (Aldo/keto reductase, related to dike- H 0.420
togulonate reductase)

C0G0028 T EESLER & B K T A8 S A e BB R ALl & % K B (Acetolactate synthase large A.C 0.414
subunit or other thiamine pyrophosphate—requiring enzyme )

COG0542 ATP 4R #i 1 Clp %& & 85 ,ATP % 4 L & ClpA (ATP-dependent Clp protease, F 0.407

ATP-binding subunit ClpA)

A EIERRFE 2 A B BRARAL S W s AU C. A m A2 2 A D, S A AL B AN RE/ R/ B AR S FL B
JE e, & AR o0 AR G JEHLE T s AU H RGO AR W A B, B A e A T ERIIRE BTN T 55 Fe AL K.

ESEE AER

W (7.75% ) . & R AC I (6.30% ) . B iF AR (4.26%) iz (4

(5.79%) K WM& 2 (5.64% ) K% 1 W AL

(5.64%) i B A 7 Fn e A= 2 AR (4.59% ) (RE M oKL & WAt e

11%) .

HE— 200 A b 4 B i LR AR

AR LA B R 2 5 10
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Fig.4 Functional classification of COG in gas—producing vinegar
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Fig.5 Analysis of dominant microbe and COG functional contribution in gas—producing vinegar
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Fig.6 KEGG pathway analysis in gas—producing vinegar genes
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Fig.7 Analysis of dominant microbe and KEGG pathway level 2 contribution in gas—producing vinegar
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Table 3 Suspected acid-resistant genes screening in Acetilactobacillus jinshanensise
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process of apple cider vinegar beverages[J]. Food
Analysis of Microbiota and Acid-resistant Genes in Gas—producing Degenerative Vinegar

ZHAO Kui, ZHOU Li, WANG Xingjie, LI Jianlong, ZHAO Ning, LIU Shuliang
(College of Food Science, Sichuan Agricultural University, Ya'an 625014, Sichuan)

Abstract The problem of gas—producing vinegar production seriously troubles production enterprises and causes certain
economic losses. In this study, the microorganisms in gas—producing vinegar were isolated and identified, and the main
microorganisms and their acid tolerance genes were revealed by metagenomic sequencing technology. Twenty—three bacte-
rial strains were isolated from gas—producing vinegar, all of which were identified as Acetilactobacillus jinshanensise by
16S rDNA. The results showed that the microorganisms in gas—producing vinegar belonged to 24 phyla, 42 classes, 94
orders, 149 families, 233 genus and 450 species, among which the relative abundance of Acetilactobacillus jinshanen-
sise in genera and species levels was greater than 98%, combined with the isolation and identification results of culture
medium plate showed that the bacteria was a dominant bacteria in gas—producing vinegar. Egg—NOG database annotated
to 2176 COG functional units, KEGG database annotated to 46 KEGG pathways, CAZy database annotated to 81 carbo-
hydrate active enzymes. The CARD database and VFDB virulence factor data annotations showed that Acetilactobacillus
Jinshanensise was a safe strain that does not produce toxins. Combined with the sequencing results and database analy-
sis, a total of 13 suspected acid tolerance genes of Acetilactobacillus jinshanensise were screened, involving amino acid
metabolism  (patA, metE, lysC), cell membrane fatty acid composition (fadB, fadA, fadl), H'-ATPase (capB) and
two—component system  ([uxS). The results provided a reference for elucidating the microbiota and prevention and control
provide a theoretical basis of gas—producing vinegar.

Keywords vinegar; gas—production; metagenomics; Acetilactobacillus jinshanensise; acid tolerance genes



