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Abstract

The microbial diversity in the cellar soil of strong-flavored white wine is closely associated with
the quality of white wine, and culturable microorganisms are employed in many different indus-
tries; the microbial community was studied in this work using a high-throughput approach that
included taxonomic composition analysis, OTU classification, diversity analysis (Alpha, Beta), and
isolation and identification of the microorganisms in the cellar soil using anaerobic technology.
The results indicated that Clostridium (56.3%) were the most common culturable microorganisms,
followed by Lactobacillus (38.5%); the most common non-culturable microorganisms at the level
of the bacterial phylum were Firmicutes (66.0%), and the most common archaea were Euryar-
chaeota (78.0%); based on the analysis of the genus level structure, the most common genus of
the old cellar mud was in Syntrophaceticus (24.4%), and the dominant genus of the archaea was
Methanoculleus (53.9%); the most common genera of the new cellar mud were Caproiciproducens
(14.8%) and Clostridium (14.5%), and the most common archaea were Methanobacterium (41.8%);
the most common mud outside and inside the cellar mud were Corynebacterium (16.2%, 14.5%)
and the most common archaebacterium was Methanobrevibacter (96.9%, 85.0%). This study pro-
vides a foundation of reference for the cultivation of culturable strains and the valuable applica-
tion of non-culturable microbial diversity in Langjiu basement muck.
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1. 51§

HE T B g S, BASAR s AR G T 21, REBBEMMEE L, HhikE
R EA T FTIRAR . BRI IHSERER2] (3], S EEEEWEE 70% E[4], W2 ATE%. K
FH AW E S E S WAEMRAN, Kb aFm&Ma bR e . Eisd i, XAy
ER, TSRS RS REAE . HEE, RGBT IEEURS]. FL
REZ 5 & MaeE SYTEIR 6], TR AR, F20 R AR . PR 2 e =2 BRI 2 2 TP 1)
FER, T2 YR I T B B O Z B R

BEE RA B G TR AR UL R PR R R, 3106 AR S 00 A BERE L a5 e AR R IE (7] 8]
P THRPRIREIA TS, KM E TREAEW: ~aiRE. =Hm. ARE, RHKEHAR S
Fge, nLAFEE ER R FRMAEYTIRO] [10]. BT EJeRR AR MRS 511, miEEN T
% AR (high-throughput sequencing) K B A M PR SaEERE S8 2 N . @b iz AR AEYE B4
N, AR T BRI AE R Z AR T

B B YA N T, IR ERRR L —, B “F. B WK 4. #1387 (120098 5
BT, AXWEN AN EJe R REREE 25 Z R B BB FT[13] [14], (B2 R Z RN T8 7254
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Wort, BALERAN DGGE V4[15], HARMRYE, 2 b Hrs . RSO Jait RE S
FRBORAN Mlumina PE250 P20 B VR RE T, AT 5557 40 1 LA S 20 0 A Ty B 25 A PR 5 0 J2 T A L A
REGEH, NEPRWCE MR BRI IV GRATT AR T AR SR A S 2%

2. RIS H*E
2.1. SEIGMAR)

FEfm A RE: ZEURRE S BRI I A FR A w34, BV REME . 25 FleW. b,
AR, SN WN. WO. WI. WE. PT (M WN. WO. WI. WE A—ltik, PT A
K.

B SRR AN ER R 2H DNA R BURA &, b RARAEMEHR AR AR K OEE, ER)NNERL T
HBRAT]; Marker LDL200, HA Takara; BEfighE, ik TAY TREBRMGARA; Gold View fZER YL
Bl I BRI ARG AT Axyprep DNA B AR &, AXYGEN A,

2.2. SKLG{UER

FHEAY A EG200 KA TAE 5. T100™Thermal % PCR X . SIGMA 1-14 &.0>41.. NanoPhotometer®N50
B EOEE T, Quanti FluorTM-ST W5 (4756 E B R 41 %%,

2.3. BRWIEFREYNTENLEE

SEIGTE RAEF & No/H,o/CO, (95:2:3)iE4T, 7E 10 Z2H LW KB LE RN 1 WwaEY, 7RIt
FCE 1 h AT bE . fERE/KTPEERRBE G, B5RA PYG KRB R PR L, 37CHEE 2 K. HEHEL
TR P AR PR B4tk = k. @It 16S rDNA FEPE 7 Fl EzBioCloud 40T % € M55, X B bRkt AT M kK
PRI E .

2.4. SEENF

EE IR TAY TR G IR A, FIA lumina PE250 “F& W15 . 4051 16S tRNA EH[T 514

N 338F (5-AGAGTTTGATCCTGGCTCAG-3')fl 806R (5-TGCTGCCTCCCTAGGAGT-3"), MY 541K

Arch344F (5-ACGGGGYGCAGCAGGCGCGA-3)F1 Arch915R (5-GTGCTCCCCCGCCAATTCCT-3)3" 1
V3-V4 145X, mnd s T 5 b AR S ISR T 16].

2.5. ¥imabE
S S B 2 B SRR AT A B 17
3. ER5 9

3.1. HRPAEFMEDSHYE

ME PR RS L2 B 96 ¥R, B 16S tDNA AT 1 AT, Horb 54 #R:(56.3%) 1
B, 37 tR(38.5%)FLIR B, 5 PR(5.2%)E T HFMATHE. 7 54 BRIRIE B, A 9 PRI wFR, Hr
Clostridium tyrobutyricum 3t 18 #k, 5 32.1%, X Clostridium amylolyticum 1 Clostridium diolis 55 8 ¥k,
&5 14.3%; Clostridium butyricum 3% 7 ¥, & 12.5%; Clostridium beijernckii 3 5 #&, 5 8.9%; Clostridium
guangxiense 3t 4 ¥k, &5 7.1%. EAEIE 1.
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Table 1. Statistical table of strains for separation and identification in cellar mud

® 1. BRI BEEERGITER

Genus Species Species Similarity (%)  Species Number proportion

Clostridium tyrobutyricum 99.7 18 333
Clostridium amylolyticum 100 8 14.8

Clostridium diolis 100 8 14.8

Clostridium butyricum 99.8 7 13.0

Clostridium Clostridium beijernckii 100 5 9.3
Clostridium guangxiense 100 4 7.4

Clostridium saccharobutylicum 99.8 2 3.7

Clostridium paraputrificum 99.8 1 1.8

Clostridium intestinale 97.3 1 1.8

Lactobacillus acidipiscis 100 33 89.2

Lactobacillus  Lacticaseibacillus paracasei subsp. tolerans 100 2 5.4
Ligilactobacillus acidipiscis 100 2 5.4

Bacillus mediterraneensis 99.9 3 60.0

Bacillus

Bacillus paralicheniformis 100 2 40.0

3.2. ERPAEEESHM

3.2.1.OUT XI5 557#R

OTU (Operational Taxonomic Units) 2l J7* /7 5114% 97% AR 3EAT VA 28F0 OTU Xl 4>, #E47 EEXT I 3k
35~ OTU BTt B3 K5 B RABRATH TN 5 AMFEAR OTU Rilor45 58, 224 Venn B, WK 1. 5
Tl g R 0 T VR S A A 25 22 57, I OTU W EE 239009 : 88 16.3%, E 8T8 27.7%, BIEW 13.3%,
e st 20.2%, BOHHIRETE 32.1%, XA REAE e WA Y T ot 22 S ) S DR o HL i N AT e Ak
AR S v, Ul Bl AN R A BAMAE ) 22 R R

WO

Wi

WE

Figure 1. Distribution of OTUs in a Venn diagram
[# 1. OTU 4377 Ven [&
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3.2.2. EIRMAEREDIMILTE Alpha ST

Alpha ZFEMESHT R IRREE R IRBUER KA NS FENE, 3B HIR R SR B8 76 1 = FE AN 2 R
T2 AT S AR A Z RIS, R R E R AE Y 2 R R . SRR
YR RE S R 2 (Chao $850)7 714 364.08. 301.68, Wfh £ #£E(Shannon #5%0) 73 7l 3.2022. 3.218,
S5 5 BRI FIE SC[19]— 8. Y A A E TR AMAF 2 (Chao F820) 737108 384.04. 462.26, W%
Ff£VE(Shannon 484073518 2.4867. 3.2073. HoRTLIKEVERT Chao F84UA1 Shannon ¥5 %35 & FHoAh PU A
B, HAIIFEYe T, ZUES Chao UM Shannon 164 B T2 N, FRERANESSHEMZ, A
FIT RSSO R PR AR K

Table 2. Index of bacterial microbial diversity in cellar mud

2. BRPARMEMS M IERR

Fabr I H EA WU RN PRI BB b e
Chao 364.08 301.68 384.04 462.26 484.01

Shannon 3.2022 3.218 2.4867 3.2074 4.0848

Y% 99.86 99.86 99.83 99.80 99.80

3.2.3. ERUAENEMIFIEEE Beta TR ST

PLS-DA (Partial Least Squares Discriminant Analysis), Bl {ki#/» Iyt 504, =28 '8 o
FARA B HN ML, A FSRACER 73 SRR B i . SRR ITE a5 R W& 2, PLS-DA Bl X 4l
(22 5 P AR 2 T 20 M 1K) 26.1%, Y IR 22 57 T MR A T 0 HT 1Y) 18.08%,  JRTTN 44.18%, BEWIX I
Feo AT LA 44.18% 15 B BN MBI GE—. ZRIR, RITARERSMERE=RIR, L5
Ve EPerE MRS R IR . B R W, B e g e i it 5 250 N AN =g S E 25 [l A B 230
R R X 43, i B 3 b 25 e A R A 5 R AP A 2 o

PLS-DA on OTU level
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Figure 2. PLS-DA based on OUT level
2. £F OUT 7K ¥#J PLS-DA
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3.2.4. ERMEREMEEARR
5 MFEARLET AP B BEELs M (E 3), W E e g et 12 B EE W 1 (Firmicutes) (& 4),

e WA E R AMILA TR 1] (Actinobacteria) (4] 5), EirftbikH JERER [THRZHE 10 2 . 1E)R
IKARTE BT S50 T (B 6), Brasie s g 2 T R 8 M C IR W & (Clostridium, Caproiciproducens), %
ERMAREE & HE LR A A H B (Syntrophaceticus), ERR WA HEERTHEAN T 2 HEE
(Corynebacterium, Atopobium), ZYesMEH B 72 FetRAT B J& F1 LR #T 11 J& (Corynebacterium, Lactoba-
cillusy (K 7), LR P R BN F B BAIRZRPERIINEE. Kb CREE 2R E R A~k
W E LR P RRIMAEY[20], HE A A SRR K M R B AE BORS AR R R SR, WA A I )
FEARFRS . CRRESEFRW TN TEMRTE. N TE R 7% v s f5E s ik & A Ll [ 21
FLR W = AR, PRARK AR pHAE, FHARAN IR ALE T A KIS, 02 W A K [22]. FLIR A
FEAE LR G 2 D RE, 9D T A OR[N R . IR R, R BB LR
W& 2 e E B A

Community barplot analysis
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Figure 3. Bacterial colony composition (phylum level)
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Figure 4. Relative abundance of Firmicutes
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Figure 5. Relative abundance of Actinomycetes

5. WERE A FE

Community barplot analysis
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Figure 6. Bacterial community composition (genus level)
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Figure 7. Relative abundance of bacteria at genus level
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33. ERPHERESHM

33.1.OUT X9 545#h

5 FETRI T R A Z AU, M OTU & ilh: Biaie 14.0%, Z5TE 4.7%, ERM
7.8%, eI 80.2%, BOFHLIREE 16.1%, HAERIMEES OUT &R L. HbEHERTHEZ
FEME SR 2 OC, X SXEARR23IFE AR, & E 0 BUE e b s 52 5K PR R 1 - A A ]
AT R R B P AEAE 22 5 I SR R 2 — (LA 8)e

Figure 8. Distribution of OTUs in a Venn diagram
8.0TU %37 Ven &

3.3.2. BIREERMEYIMETE Alpha ZEEESH

B 3 ATAL, S5 AR B 2 R TR RO R R AN U 2 R R . B AR A
VERE PR =FE (Chao F8E0) A8 43.25. 54.48, Wn#pZ FE:(Shannon $540) 73708 1.1371. 1.1696. ZiE
PRI EYR AR 2 1 (Chao $5%0) 70 BN 60.72. 263.38, W2 £ (Shannon $5%50)73 %9 0.1840. 0.8131.
BOILIRE YR I Chao #8504 55.15. Shannon F5%0R 0.4363. A = EHIZE YRS Chao F550HH &= T H AN
41, {H& Shannon FEEUR S MBI A8, X 45 B U AR A A EAEXR.

Table 3. Microbial diversity index of medieval bacteria in cellar mud

3. BRPEHEMEMS M ERER

TR H ZER e W st ROt A e
Chao 43.25 54.48 60.72 263.38 55.15

Shannon 1.1371 1.1696 0.1840 0.8131 0.4363

B % 99.98 99.98 99.98 99.96 99.98

3.3.3. ERARENEDIMEE Beta SIS

KH PLS-DA J5iE 50 45 R WI4l 9, PLS-DA BEH 38— o iR i A1 73 H 11 85.23%, 28— F ik
IR AT AT 4.17%, RiEN 89.4%, UiEHIX AN s v LURE 89.4% M5 B o B e flE &k
DAIERE — R, FERAMBITHRER S MELURIR, FlRIMrMES . WRKR. hita i, %
PeAMER HAG E 2B X 5, SIS RAN B R S AR R
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PLS-DA on OTU level
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Figure 9. PLS-DA based on OUT level
B 9. £F OUT 7KF#J PLS-DA

3.3.4. HEABEERR

TEH TR TIPSR (B 10), BrEdRF B R 2] W T 1(Eurvarchaeota) (K 11), Z2ERH
& AT 1 (Halobacterota) (€ 12), ZYeMN~ Zesh Sk zEye) w1 s . B R EK
PR (1] 13), a3 R R 1 A G 1 B (Methanobacterium), & 258 EFE B 2 R B =
FH bt %5 4 B )8 (Methanoculleus, Methanobrevibacter), eV Fali bk, 25 /ME A B 2 H e AT 8
(Methanobrevibacter). AR F B APANATRE F- E W R (18 14), EVe N FIE e /b Ny B A B L,
BFEEAEZR R ZEREGHERMI, 25T TR 8 (Methanoculleus) BT . Pt nl LUE HH
Bt AT 1R B AN R e R T B R BRI EE W R . RS R E SRR, i Hy M
CO, P HEGE[24], MITTARER T Ho RTERACUR I SOB A E 32 Sk A il IR .

Community barplot analysis
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Figure 10. Composition of archaea community (phylum level)
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Figure 11. Relative abundance of Euryarchaeota
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Figure 12. Relative abundance of Halobacterota
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Figure 13. Composition of archaea community (genus level)
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Figure 14. Relative abundance of archaea at genus level

B 14. HREBKEETEE

4. BREWH®

e R FIRE D BHARILLE 2 H 96 Pk, Horb 54 #R(56.3%) 1R &, 37 PR(38.5%)FLIER &, 5 PR(5.2%)
J&F 2 MATIEJE . [llumina PE250 PRI, 7EHIETR. B8V RN . ERIMSIHIRE 5 M
an Y, ST CE e A S AT AT S R A5 S AR ERS 2, T R 4> OUT U 2ZZ 80K, 4HB R
RN ET, RORERN; WHERZNREERS, RORREER. MES ]
AP AR TR FERERE T, SRR B i i 2ERPRARE L BE CRAE, A&
WE R, BERMAEERCKREEN TRREE, A LHELRTEE: SRNE
PEAME AT BRI g, A e 2 e AT B8 o R AT R AR AT B R A A R R 2 R
WK, ZEPAFERMAEDL, SR BRI GE IR A 15 gk ST R AN e 354 10 i 75 2L EE AL

4.1. RS BERSROH

EPRMEATEATIETE 96 tk, EERAREMILIRE . H A U 532511 SMik 7T R W H B AT o8
MR T AEE AN IR R BE 70, I RE 35 ) W 0w B 1 AR, A A Dl P 3Rl A 28 1 77 2
B 0o HSC[2610T FURBIRR I A 24 h T BR™ 80N 5.29 g/L X0 Fl & SR T+ 7 B AT — & NN B .
e B E N FLER T DL (27145 SRR WM I b A MR 1 2R ALK AT ERIRANBRIAIR, SN FLIR
FIH R AR T R v LR A 25 I B I O IR R AT R SR P, XA ARG Y A I b mT RE LA — € IO Y 7
AR A B 28 1T 7T LR 1 R 7 25 4H R R A0 T P A A 3K S5 AR T T REAR TR (E 2 0 T 0 ot A S Ll
FRESANA . RIERATIE TR b B8 e, AMLBEE & BAT B8 AT B SR A 2 AR PR A
W, T HE BERIT T T AR R R 58 7 - UK DD E

4.2. AEFESHEMENEET

FE 5 AR L A UCE R T AR T 2 R S, AT AR D Ve B T E M AR (8] S A 2 A
PEMISC R IRAE A N AR 2 A S E R ST E A BN E R AR, HBEHE & e BT[] )3
I, B AR BT BRI 7] 5 W 2R E RN e 52 m IR, w2 R TKP
EFRA, JBAKPAAE—EER, Hh2EREE CREAHEBE S, W20 R LRI e 5
B ORAAE T IEE &, KSRV R B, WU RAINEERAERLAIRI. Frajeit
AWIERECREEN T AR R, RS EEEBOIFRAMEB—3. BRNMEIRIN1KP LR
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1R, Herh E e W B VRN e FEJR K X (3210 0 57 7 B s B e e - s v, X 53K
ITEVe A S EPRAPEE AR B0 BL SR, 25 R mT e RO s K & e 5 HAr DU AN URE I [ AN — 21,
Ra2 B MBLENILER, ERTIMELESIK, SBERHFEEAR.

4.3. HEEESFENSAON

WER AW ER P IS E SRR, HaEle. EER. FR. BRNMBIERKER 5 AR
W, R AR T 2 AR MRS AR T AR 4 MREARRI AR, RIS Z ST 14) S S R LRI
RESE 2 A B 1) R B T A28 B R — B 1, At R A e K IS AR R 2 3R AR
(1 I DL BRI T2, A A 22 R P T TR A TR 1R Ak, BB B, o B AT DAZRCSZ
LR BRI AR 33], B LA TA) oy B 2 REPE R RO BN, AR R T TR R B IAL,
Tl B AT L, AR B RSN, (R BB IR AR ROKR, R T A K B AN
RE R HEAH R T B M B AR 5 FE R o DRI Abb 503t o A 1 2 AR MR s R — s R R T R R I, AR AR
V2 FEVE RGN R 0T R B B AR A FE R4, T R B o 25Tt R T I 2 1) 2 o

HAT, ENEER Y B T IR EORI RS, DARA AP 75 22 8 B A B ) & 2R A R IR AR K
BT, 9% AIE R I k. IREARA R R ERMAEN FEFB, M2t FEFRR
BT AR FRARR R S0 T BOk B PRAA B SRS BE . A8 N A SO AT T ke o 2 B i
BRI T ek PR IR B AR ) 40 B 85 77 5 (1 52 o S DA S 0B A= P B2 8 o T3 A= 4 22 A2k v )
R AR L B 0 Bl AR B R . AR DGGE %8¢y 4 TR B/ 1D SN 25 Al 2B 20 11 22 e R 0 R LR =
FERI BT RE . il 7 EOR G & A0S B 45 G o B B [34 % o e AN e 08 (AR T G AR 3. (1
[lumina PE250 M7 A I 2 AR 7 SRR IR, DRI 75 2508 258 S AR DR BE I 050 i I A4 i T s 38 &
WS R AR W) B & 7 T3 ge s A S

STk

[11 REte, RO, AER, . AT bR Y R X I S A 70 20 2 [7]. B R, 2023, 42(5):
22-27.

[2] BEP, BREAL, whiE, 25 IRE B QIR LS R AN 2 T KRUE M 2 BT[], B S R RN, 2021,
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