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B E:ALRKERFARRSHEXGARHE LM TSR LR, ALK R PacBio 1% F %8 (SMRT) )
By CF &R T EHRGREQPNFAFTRESERGO LA LHE, ARk RL AT T B, WFLER
AW, AARKGEKBFSEF AR RBERAAAMN, HURRRERLIEHA (Thermomyces lanuginosus) « % H
W& (Aspergillus proliferans) #= "B We "8 A-F % H (Thermoascus crustaceus) X £, H 127N 5 iE K A5 o9-F
H A8 E 5 A A 45.97%. 16.96% F= 11.96%, & iF T & i K i # S P 89 R A A E o Al A 39.50%.
15.86% #= 11.76%. LEfSe 2 #74 % %9, 2@ E (Aspergillus subversicolor) Fa#s & % K F & #H (Thermoascus
aurantiacus) I AR FMNAFTHR SRR GG EDIRES. ETR2EREAW, PR SHEKRGESFT F#%E
WAoo & L FE e® (P<0.05) , m Ak EELHRK (P<0.05) « £FELREAY, PHREHE
W E G RE T FE RS (P<0.05) , mEFehagmadizg L& mik (P<0.05) . AAXMYMLERELN, Kt
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Abstract: To compare the difference in fungal community structure and sensory quality of high-temperature Daqu across
different regions, PacBio small molecular real-time (SMRT) sequencing, electronic nose, and electronic tongue
technologies were utilized to analyze the fungal groups, flavor, and taste quality of high-temperature Daqu collected from
the Luzhou and Jining regions. Sequencing results revealed that the predominant fungal groups in high-temperature Daqu
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samples from both regions were consistent. Thermomyces lanuginosus, Aspergillus proliferans, and Thermoascus

crustaceus were identified as dominant species. In Luzhou, their average relative abundances were 45.97%, 16.96%, and
11.96%, respectively, while in Jining, they were 39.50%, 15.86%, and 11.76%, respectively. LEfSe analysis indicated that
Aspergillus subversicolor and Thermoascus aurantiacus could serve as biomarkers for high-temperature Daqu in Luzhou

and Jining areas, respectively. Electronic nose analysis revealed significantly higher levels of aromatic components and

sulfides in high-temperature Daqu samples from Luzhou (P<0.05), whereas hydride content was significantly lower

(P<0.05). Additionally, electronic tongue analysis showed significantly higher richness of high-temperature Daqu

abundance in Luzhou (P<0.05) and significantly lower bitterness relative intensity (P<0.05). Correlation analysis

demonstrated clear relationships between dominant fungal species in Daqu and flavor and taste characteristics. This study

provides data support to elucidate variations in high-temperature Daqu fungal communities and sensory attributes across

different regions.
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(Rhodococcus)Z2Ab Rt & - X iR o th i A= dn
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JEAL, J& 5 B IEIE = XA X, SRR AN, TN 5E
¥ili, SRR FE ), T L AR U T T TV e I b, b
B YEPT LR, JE IR SRR, BEK D, AR
fRU3, £ bal U, 33 S i X e sl R 2%, A5 <
fig . KAy AR e W W 25 5 . 308k [ SR 251
MO2E 5, INZ KW [ SR sE P 5 N T 9IME!, 1545
A DX F G PR T PR BRI B T AR i SR W
o DXEEGUAYIREERT I A0 R B . AR S AR
FICHEEMIVER, YRS T ASIRLHR X P A4
JoE 55 RS o BRI, E AT X3 P X v v R L
Z R PE RS R A SR AT AN o DR AR 5T SR
PacBio /Ny (SMRT) 752 AR A A -1~ HiL X
RIS B EE A, 45 G TS TR EOR S
HTIRUBRFITZE AL, TR B S A A BT 7 LR
P55 KU TG A it o 22 TR A A SCHK, A iR R e
PP & T v 1 Tk B R AR
1 #REE%E
1.1 MRS

TGuide S96 REERE - 18/28 IR K20 DNA FEHL
e SRR AERD) ABRAF] ITS1F. ITS4.,
KOD ONE MM dbt 5t i R e LR A R BTAT 2
Hl BAEbE  dbatiESE s R A Al SMRThell
Template Prep Kit @ZFERFE  PacBio 237,

DFT-300 /NS S R AL TR T3 ) B Y7 &%
A BRZFl; Synergy HTX BifR Y FEHAA RS F;
Veriti96-Well £ & J& Bl 4 3% (X 32 [E Applied



- 192 - £ Tl B4

2026 4 2 A

Biosystems 2\ Fl; Qubit 4.0 2611 SEEFEER KHE
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TR AEEE, BHE A 10 min, BUS B3R5, it
PR T ug, DI 2B Al bR Shis e, {3
AT, AN KCl 3 RHME s AT i 1 (24 h),
Y FE UL B A TLE8 5 AT LR, JB S FEA TR Y
M, BRI AE 4 WK, BUS 3 Ea e a5 R ECE-
YIS VE e S RS E I 7500 o
1.3 HIEAIE

iz FH £ J& J7 22 43 7 ( multivariate analysis of
variance, MANOVA) ¥ 17 i 25 1 43 M1 s B B8 R 7%
a ZREMELE 1 FaECAFR RIS EIR, p ZAEERT
BEAS A AR UniFrac BEESHE 4, SR FH £ ABFRSM T
(principal co-ordinates analysis, PCoA ) i 17 R 2 &b
FRFN AT AAL 3T, 35 PERMANOVA H 8 4H [A] 22
S R #4443 ggplot2, 22T, J& AFh K557
AR YIS 454 s SR R K444 venn diagram 231l
FLF K195 BUEL; SR R 4F42 waterfall 231l
OTU A5 K5 i ] MEGA 5.0 #£4T OTU 1t J¥%)
RBRE W R EE; [/ R #1440 microeco #FFT4R
P40 5143 #1 (linear discriminant analysis effect size,
LEfSe), #H—425 o0y 1g(LDA 5380 KF 2 H
Kruskal-Wallis %5619 P<0.05, WiZ 532 050800 M
HA B E2ZSAbric A (biomarkers ) ; >R JH R 44
41 igraph #F47 F [A] 2o 30 R 4% 53 B7, TR BE P<0.05 1Y)
15 f#FH Canoco 5 #4347 704355 Bt (redundancy
analysis, RDA) &7~ EH B AP AL BTde br = [a] 1
TEXRFR
2 GBR5SH
2.1 AEMXEEAMERENFERKL o BT

PR X v T R TR ARSI A5 B M o ZREMETS
BAEIRANZE 1 s

FHE2 1 Al %0, Xt 18 fr ik R i T PacBio
SMRT 7, H:3045 221087 45 Bi kit ITS JF51, %
A [ PRI 1 i DX s YR R RSP 2 B R A 4551
R4S 12368 Fl 12214 575, X ot )7 91 472
)5, MITA AR IS 52 Y 636 1~ OTU, HiAr s i
Ho X FEAS Y 539 4~ OTU F g 42 54170
12149, 18 N H L 31 B 39 @A 48 b, AR
Hi X FEAS A 407 > OTU X p 52" 54171, 10
A 144 H L 21 ADBE 27 ASJEAN 32 AFP . AR



%478 %3

AR 4F: NI IX RO R R A5 S R B 22 SR R SR A

© 193 -

F L YIS T X R R i I A 2R M A e B e
Table 1 Sequencing results and statistical analysis of the number of different taxonomic positions of high-temperature
Daqu samples in Luzhou and Jining regions

WX K& FPik(k)  OTURL(A) 1A W) B  #®CH B e BEE FRIR
LZ1 13093 187 2 9 11 18 20 32 164 3.13
LZ2 14662 305 6 14 27 40 48 56 223 2.99
Lz3 12720 297 7 15 27 46 58 65 203 1.42
LZ4 13347 316 7 14 20 38 51 50 231 2.73

VM LZ5 8127 140 5 12 17 28 39 50 196 3.01
LZ6 11912 132 5 12 15 25 32 40 124 1.15
Lz7 12434 179 4 8 8 11 12 20 118 2.85
LZ8 12652 295 4 15 21 38 54 70 235 4.15
S 12368 231 5 12 18 31 39 48 187 2.68
INI 13066 127 5 11 21 31 37 44 129 0.93
IN2 8053 128 4 9 9 16 21 26 98 1.02
N3 10862 185 4 8 7 12 19 26 191 3.75
IN4 11244 238 5 9 12 21 26 31 199 3.09
JNS 12074 174 7 12 17 28 34 35 182 235

T JN6 12133 176 2 7 9 16 21 28 173 2.93
JN7 13356 131 5 11 15 28 35 40 146 0.67
N8 13244 134 4 8 10 17 23 26 128 1.93
JN9 14271 121 5 12 22 28 37 40 199 3.44
IN10 13837 131 4 9 14 17 20 23 143 3.02
¥ifd 12214 155 5 10 14 21 27 32 159 2.31
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SR, T T HbL DX R R ) 432 BT N M
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2.2 AEHIXEIRA B ELE R HIE
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B B IEHE, A VT PN AN T M DA S 4 o L
95.73% Fi1 89.89%. Hil&l 1(B) A A, 1EJ& 532K,
SRAE B 5 77 b X ) v TR O i ARE i 322 DARE HR LR R
(Thermomyces) . %3 )&E (Aspergillus) . W T #E
J& (Thermoascus ) FISHi 0 8 (Malassezia) ==, T
SRAE B M b DX ) v T AR L A L R SO BT 5
BT Sy T 3 B B (Microascus) Fs AR 7 25
J& (Scopulariopsis) , YA & w4351 1.92% Fi
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R KHITENT(A) | J&(B) | Bl (C)ZAKCTHEE L BURHIE . HE TN UniFrac #E 2§ PCoA [l(D) FifhsKF-75 UK (E)
Characteristics of community composition at the phylum (A), genus (B), and species (C) levels, and the PCoA plot based

on unweighted UniFrac distance (D), and the Venn diagram at the species level (E), of high-temperature Daqu
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1.15%. B PH X RN RE A E DLk A= P 8o
AR, (BRI FI IR Thermomyces,
FCAE Y PN 05T T A DX TR i A g S 2 AR X
B4Rk 46.22% Fll 39.52%, FUR K Aspergillus F
Thermoascus, FAEYT PN M X 57 7R < Bl HP 082 AE X
RO IR 25.12% Fll 14.69%, £ 5 T Hb X 755 7 K
A B SPEIAR R0 D 24.39% T 21.35%. 1
Bl 1(C) AT FERP 3 2KAF |, SRR | BF T HL X Y &
TR AR 5 2B LA SR 4R PG R 2L L ( Thermomyces
lanuginosus) . 28 M%: (Aspergillus proliferans) . &
Marg T HE B ( Thermoascus crustaceus) . WEHE 7
5 ( Malassezia nana) TS 4, g T 3% B ( Ther-
moascus aurantiacus) >N 3, TRAE B ¥ P Hh X A8 =5
HRAE SRR SEA B SO IR T 4 SRR R A R B
(Aspergillus subversicolor) . JEAR/NEE s (Microascus
brevicaulis) . K IMEE (Aspergillus penicillioides) Fl
FG ¥R 5 (Scopulariopsis flava) , XA XS & 185351
N 2.76%. 1.39%. 1.19% Fl 1.06%. 7E 2 HLIX 1
5 AN ILFEMEIREEFP A, Thermomyces lanuginosus 5
e X EAe, AR PNAGE T 1 X i ol P -2
AHXT S 5000 45.97% Fil 39.50%. HIUKN Asper-
gillus proliferans 1 Thermoascus crustaceus, iX 2 Fi
TP A Y P 1 DX v YRR A SRR AR X B i 43 i R
16.96% F1 11.96%, TEGT T H X iy it i H 44940
X B4y 15.86% il 11.76%. &l 1(D) it/ T
FLFHENNAL UniFrac fE S BRIBEE S5 2252, 4558
SORTE R 25 B FIE oA, AR R E
T, SRAE | W H X R RS S L R R S R

A

B

[HIFAE 3 22 5 (P<0.05) o AR I TFFh K1 5381
AL, 3P M DX A 0 S BRI S AR 2H A b R AR A
L, BRI, S350 IR R S A 2 25 S R R AT
RFEEAETMEZFERMAEZMWIH R ER.
& 1(B) 3T RiKFEa9 5 R g5 AR UE R, - H X
T TR R &b Z (Bl Fh 4 il A7 7E I B 25 5%, Hodp
A 65 22T APTERAE B UMb X AAE S T ARAE, 1T
HA 14 -2 FFPFEREE A 3 T HLIX 09 RE &L TP A,
IZEE R SGREAIN TS B AR —3 .

23 AEMXERAM OTU it

AR FEHE—HAE OTU AKX P-4 X 7 g
R B PSR T T 43407, B AE B R S h A
HAFAEXT S E>1% 19 OTU & o LOEHY OTU,
HAESRAE H Y5 PN RIS 7 4 X - E AR TS B A R
& 2 iR,

HT I 2 A, SRAE 95 MM i X A0 s TR HRE
HBE 7T ZO R OTU, 43 5 3K 8 T Thermo-
myces lanuginosus ) OTUS576, ¥ ¥ #1 X & & N
43.16%, KJET Thermoascus crustaceus ) OTUG652 .
OTU923 1 OTU1136, SF-HIAAXT & 435120 2.54%.
10.88% AN 1.04%, 3 J& F W} kL #th B ( Aspergillus
chevalieri) 1) OTU1314, 5 FH T & &~ 16.33%,
KB T 0] 2 i 5 (Aspergillus amoenus) i) OTU653,
S AH T B B R 2.54%, BB TR BR i 45 (Asper-
gillus restrictus)) OTUS7S, AR E8-4 2.18%,
FH I 2 JR AT, SRAE [ 5777 1l DX & R i AR & b
H 5 MR OTU, 43518 OTUS76. OTU1314,
OTU923 ., OTU652 Fll OTU875, ¥ AH X &+t 43 1|

Total Total
OTU923

OTU923
OTU875

OTU653 OTUS875

OTU652 OTU652
OTUS76

OTUS576
OTUI1314

OTU1136| | otuisi4| [ |
0 20 40 60 80 0 20 40 60 80
AR (%) SRR (%)
© 100,4 otUI1314
100 63 Aspergillus chevalieri CBS522.65 [OL772683]
¢ OTU875
87 Aspergillus restrictus CBS117.33 [MH855380]
—® OTU653
100 I‘Aspergillus amoenus CBS111.32 [OL772676]
@ OTU652
¢ 0TU923
99
99 ¢ OTU1136
76 ' Thermoascus crustaceus CBS181.67 [MN431405]
| ¢ OTUS576
100 by hermomyces lanuginosus CBS632.91 [MN431411]
—
0.02
B2y (A) R 7 (B) X g iR %0 OTU ¥ A1 B R0 OTU RGE L BRI(C)

Fig.2 Waterfall plot of core OTU of high-temperature Daqu in Luzhou (A) and Jining (B) regions, and phylogenetic
tree of core OTU (C)
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N 36.52%. 15.30%. 10.65%. 7.90% # 6.49%. iF
—2EX ARSI T4 R B, D P R T M X
B OTU J& 51, HIJ L Thermomyces lanuginosus
RO FR, 228 Thermomyces lanuginosus TE 15 1.
K kRl el 2 T F2E/EH. #2204
Mann-Whitney ¥ 56 & i, OTUG652 I FH X5 i
TEPIAHLIX 2 [ 77 s 35 22 57 (P<0.05) o
24 AEHMXSERAHEFERDH

i s 2 VT S R A = TN =R SR i A EN
HUZE5E, FT OTU #iliifid LEfSe ST 55 £ HX
FES TR AR ERAE Y, G5 R ANIE 3 PR,

f & 3 A4, 3 F LEfSe 43T (LDA P43 7E 2
PL B, JRG e Y 35 DR 3 22 S i W b (P<
0.05) o TERPZK |, SRAE H U5 P b X i TR R LA
Aspergillus subversicolor. JE 111 (Wallemia sebi) .
W 22 H B (Penicillium polonicum) . 1 BE X € B
(Dipodascus geotrichum) . VW (Mycothermus
thermophilus) . W M & ( Aspergillus fumigatus) .
Mortierella biramosa. % >% A % W+ ( Guehomyces
pullulans) . Pseudeurotium hygrophilum. Lichtheimia
ornata . YrH75 5 (Penicillium verruculosum ) F1<pR
E55(Lichtheimia corymbifera)3t 12 AFFAEISHE B3
A, RE AT HLIX SRR I L Thermoascus
aurantiacus . V& 5 B 5 O'C 6 A8 Fh ( Thermoascus
aurantiacus var. levisporus) ¥l Phialosimplex sclerot-
ialis}: 3 DRFIEERE W2 54 . T WL, A AASHE
SRV MFNGE T b X i R R P AR E R, HL

(A ! | I (B)
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