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A AEegxd (PTMQ) ; =4 Ak, #KFLEHFEEEZR, £+ HIL00 69K % B A Aspergillus. Paecilomyces .
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Abstract: Objective: To investigate the effect of the addition of 2.5% and 5% mass fractions of Polygonatum sibiricum on
the microbial community structure and functional genes of wheat Qu, and on this basis to provide theoretical reference for
future selection of Polygonatum sibiricum wheat Qu. Methods: The microbial composition and functional genes in
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Polygonatum sibiricum wheat Qu were annotated by macrogenomics techniques, and the effects of Polygonatum sibiricum
on the microbial community structure and functional genes of wheat Qu were analyzed using principal component analysis,
stacked histogram and cluster heat map. Results: The species richness and homogeneity of wheat Qu (HJ100) made by
adding 2.5% mass fraction of Polygonatum sibiricum were higher than that of wheat Qu (HJ200) with 5% mass fraction and
without the addition(PTMQ). All there were differed at the genus and species levels. The dominant genera of HI100 were
Aspergillus, Paecilomyces, Rasamsonia, Limosilactobacillus, Rhizopus, Klebsiella, Pantoea and Puccinia, and the dominant
genera of both HJ200 and PTMQ were Aspergillus, Paecilomyces and Rasamsonia. The dominant species of HJ100 were
Paecilomyces varioti, Rasamsonia emersonii, Limosilactobacillus pontis, Pantoea agglomerans, Rhizopus microspores and
Puccinia striiformis, and the dominant species of HJ200 and PTMQ were Paecilomyces varioti and Rasamsonia emersonii.
Compared to HJ200 and PTMQ, the relative abundance of functional genes annotated by HJ100 showed higher
homogeneity, there were a higher abundance of functional genes related to carbohydrate metabolism, protein and amino
acid metabolism, which were directly associated with the quality of Huang Jiu. The brewing experiments showed that the
Huang Jiu brewed by HJ100 was better than HJ200 and PTMQ in terms of total sugar and polysaccharide content, which
could guarantee the functionality and quality of Huang Jiu, and HJ100 had a same fermentation capacity as PTMQ and
HJ200. Conclusion: The addition of 2.5% mass fraction of Polygonatum sibiricum could improve the species richness and
uniformity and quality of wheat Qu, and could be used for brewing Hung Jiu in the future.

Key words: Polygonatum sibiricum; wheat Qu; macrogenomics technologies; functional annotation; microbial community
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A TRLJS TR A o X et T RSB A JBe ARtk )
A HEEESE ), PR R R PR A e . B R EEE
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Al RIS, LA R A S BE A AN AT A,
JoTG S TP R PR g oSBT B P A T o

PR RV A T 20 e v 2 i BT ) EE Ty
W, Hoh DAl S W TR —, LB G R =
ARyl oA SR B S 25 Hh B 2 Reag X
TP b A R BN AR RIVE I, X D RR RS TG
&, b AT fE PR e EE A PSSR, BNl
A 4 245 T R 5% S5 3K i P R 55 2 HA
R R AR BT, HoX S BB s B —E
PEFEVE T, HALS K25 iR s S5 s AL RE )
THEE K R RS A, i A ZGis feiE i $E T
BT DI RETE MM A, TR 2L THI I . &
FEREJAVEAIY, @ PENG S8 gshnrbythlith s, i
TH. Monascus ruber %) mokA . mokB . mokF . mokH .
mokl F1 mpla BY5E KK, A H BT 41.18%.
{H 2w AR PR 200w N, JEARIE GE— g, H
AT R RS B AT IR R4 5T, S e s
Jm, AT RE SRR ph b e E A BN B
FE PR b2z —, A SGRHEY), H 32 PR
Sy ks MR AE S s AT, g/ U B TR RS 1Y,
A Z AR RIS TH 2, FRE T a5 B N, o
THEEYR LA ZE Y TR S5, PRI AT E— & JE B N S
A, DASGE it BT, BP0 BT S AR
K ope L FAA Y, HONG 281 W58 1 #0 i il 5

AR, J B i R ) S T i e
SR BT O, g A SRR T A = A R SESR
1R K LA R, LBy AR 32 2 5 v T B LR AT
WA G Bk, FRTEORE il fh e A= M a5 48 X Dhe
B BRNEiS) AL s W= E

R, H AT LA Ok A ECRHE Hh B ST i R DR
18, H BRI 22 plt P AT A TR 4500 S D BE L K
FEAARRPSE AT AN B . 22 DI PH R BESAE
PR R e a ), SR o 22 i PP sl
F-BE, U XIE £507 DL g2 3L K 2] 2435 R N TFBE, 4
BT T 24P PR R o R AP B0 T M 4H R B Bh S AR
fb. %A BERTI A E I 9 Actinobacteria
(BRERBAT]), FFE B 5 b & ik 87%, e BN N e =
40.7%, 1Ml Firmicutes WM 6.2% I =2 32.5%.

i, A< B 5T LA SR S i 20Oks By Y 3 38 27 ith
(PTMQ) . IIIBREASTECH 2.5% J 5% (EAG I INE:
Sh 100 g Bz 200 g) 1 [y RS 9 SR AR 09 BEOkY 22 ith
(HJ100., HI200) AAFFEXT 52, FFH 2 356 R ZH I p AR
R = H TR E IR S5 A0 M D Re BE Rl 22 55, DA
FN WO X 27 I A E YR S he S D Re BE Rl 1) 5z ),
LGy AIT H e Sl 1o R M XU ) S T i T B s A,
FRISE ], DA i S Ok 27 i) 28 A oS B vy s 2 it
W,
1 M5
1.1 MRS5EE

Will: PTMQ. HJ100. HJ200 TRkt A4=374
WA FRAFEI IV A5 SIVEG-ewith, e & T
FEMMAE T =80 °C VKFHLRAT; I h Ak W Tk
O TR SRgeEE | il PBS &bk db
U R ; DNA $#2 B 55l Omega, M5635-2, 3¢ [H 5
Hieff NGS® MaxUp ¥ #4255 (12200ES96) . Hieff
NGS™ DNA Selection Beads DNA Zlifbi®5] (12601
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KGR . FIEHE . WAREREN  Srdral, K Ksefk

2GR AR IR AT . AN . JOOK S AR
SR al, IR 14 2#18 55 A BRAA 7 H A R
Sybrali, BERTHRHE L 4 A R F 5 T A TR 4
SrpTals, BB AR B A .

SW-CJ-1FD M TAES  J5iEdfh; P-111 3 X
faf b EURUER; WH-3 SREIRIRSIX L vE 4y
M e PR E]; 0.5~2.5 uL. 1~10 pL. 20~200 puL
n] YRR LU A Eppendorf; Thermo Scientific Sor-
vall Legend Micro21R == # K17 25.008L  Thermo;
DYY-11 FPKAYL  dbatii S —AX#8) s FR-980A 4=
YUK ES ST RS 2 HFHY; Qubit®ZeaiT 4%
R E ¢ Life Technologies; 752N 484115656
I MR FW 177 JTREM AL dbatiii BB
BEITALEST ;s Covaris220 #E A P iR
WBERHEAA A F ZDI5eHmEYT T ARSI A NE
Fr A R o
1.2 SEWFHE
1.2.1 WAhIfE  SEBCHAE LT INE  INE R PRI
T, FORLIA 5], Ah Rzl H /N2 S RS R AT AL,
T 19%~22% 7K, fieFEda 5] o #k g B el A B
K, Kt 22 AR5 A . RS, KRBT il D
RHEFF, BREa]FE 5~8 cm FEES, JCH 1 16, (8RS
%, B 1~2 d #E6Hl IR AE 30~40 °C, i B3 K 2
HH, J& 2~3 d #HI RAE 40~50 °C, Z a3k AHE A=
B, K525 K&, BB %, &t 30~40 d 247
Hf [l D 1 A5 2 s iry i
1.2.2 FESLTIALEE  FREL 200 mg AUFE S, B K EE
FY 2 mL B.0EH, JILA 1 mL 70% B, IR A,
10000 r/min 2575250 3 min, 78 FEWAE. A
1xPBS ¥ %, ¥ % 1R &J, 10000 r/min =5 #& &5 O
3 min, H & _FJEBRAIA . FH 2 mL &8 TR oKk4E
1 min, BEEEA WA . BRERE A 55 C
HMEFF 10 min!'® 197,

1.2.3 DNA $2H  FALEESEEL R T, HRPE Omega
T BH A5 T 7 R THE

1.2.4 CFEME  [HH Covaris220 #8E75 JIARSOR:
DNA 43 a2 500 bp B9 H BE, 3-d A Hieff NGS™
DNA Selection Beads DNA iR XFH T4k, Ff-2%
F Hieff NGS® MaxUp X} DNA FEf7 45191,
1.2.5 FiEPEdl @it Fastp(0.36 i) X DNA it
AT 1 3P PRSGE Alas; 2. 2555 3" 5ok
Jo B 2k (Q<20) , f# FH M 3h i 1 7% 2 Bk DNA
reads FEFB/NT 20 MUBEEHE (5 H X/NR 4 bp); 3.3K
H DNA reads B & 045, FE M2 1IE X 8] I AS—
AR 4. 55K BE/NF 35 nt (Y DNA readst® 19,
1.2.6 ZHAFIPFE & 5G, 1 Megahit(1.2.9 ki)t
AT ZREARIR A PR, IR W P75 2R )5 H
bowite2(2.1.0 i) 2K & B DNA reads X HEPHIZ/E Y

gh 1, R BCE PFE Y DNA reads, $X J5 FH SPAdes
(3.13 W) PR PiEE, 15 BIMIK B i 8537 Sk PRI 4 5 I
FH MetaWRAP(RAS 1.3.2) KK X DNA reads 47
Bin 4325, Bin 4lifk . Bin 22 & . Bin T4 F1 Bin 15
SEPRAEDST
1.2.7 FERTFEHE TA IR Ay d 4 Prodi-
2al(2.60 R FPHZ45 SR 1 ORF, SEHE< KTk
5T 100 bp PYEEA], IR AR 7215 X T4
EAS B R N 2528, SR CD-HIT(2.60 [ 47
REE, G —EHEIUR M EE4E; 41 Salmon
(version1.5.0) #4 i AE TUAY 3L R 40 19 ELARF8 2, R A
KRB IR B A I A T 3%, HERf R bR RS
) 3 D R B, AR P 3 K B A B R I
JEIE
1.2.8 Illumina HiSeq 2000 S-& )% 38 o i He
#ill ) DNA #:47 ALY (A TR TRE ()
PR\ %] Illumina HiSeq 2000 iP5 & 52 /%) . #Fh
FITHBETERE: 81 ] DIAMOND (7K 0.8.20) ¥ 3L K
5 KEGG. CAZy M SEED %P8 FE#HAT HuiE, L3k
SRR B N3 K A D BB RS B, Tk 451
E {EH<107°, 53%>60.
1.2.9 ARG 3 ASTA] AT il Y4 IR b Aok
100 g, WY H AN 6% (LI R B oK B A 35 ),
LA 5K SR 7 d N EAFSEATER S . T2
H: BEK IR 2K P PR — Adz— ik —
RWE— A 38— K P — b
1.2.10 HALFEHRME 43 FIXT PTMQ. HIJ100 A
HJ200 BT B9 SP uEA T R FE AR 2 . BRI AR
IR A S pH MIDIEMR GB/T 13662-2018 #5173 A&
RGN E 2 FER FR S50 py 0y iR E A T, B ST A HEDR
HERNLZE, £S5 T 490 nm AL 5E W2 56, IFAR PR bR
TR AR A O 5 i YOI R A S 2 R i ) 1] 4t
BT B AT, @S bR R LR, BESL T 600 nm 4b
e W SERE, FRARYEbR R LT R i e, B
JE ARG 2B r) 3 P S L A i
1.3 HIEAIE

TR AN EA AT T AR R 3 P T IE
HEHAE M E 3 K, LLFERST53HT (Principal Component
Analysis, PCA) . HEZHRIR E/ARIE R IRE], X T
B W) M D REFE R A T RT A4S HT, PCA 43T
FE AU T & A FLAEAF 53 871°F 5 (https://
cloud.metware.cn/#/user/login) #47; J& 7K - R 2
EIfi F Oringin 2021 #4743, HEZ AR B A AT
& f# FH Excel 2016 #E1 74, BRALFE B %) 8 38 14y
i F TPM SPSS 27 #EAT BN 28 75 22 & & MEAG 36
K LSD £ b4, DL P<0.05 ¥ BAT W3 EE S,
P<0.01 Y BAW W EHEZER .
2 HBRESH
2.1 HIRRERH

W 1 Fras, PTMQ. HI100 1 HI200 £ )7
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Table 1 Raw and quality control data of different wheat Qu samples
JEG Kt bEaricn

I H (bp)

PTMQ HJ100 HJ200 PTMQ HJ100 HJ200
Mireadsi 61850000 51295482 47428254 61299370 50952442 47041784
ST 9.28x10’ 7.69x10° 7.11x10° 9.16x10° 7.6%10° 7.02x10°

P TRIA S 150 150 150 149 149 149
4lifrReads i H (%) 99.988 99.986 99.989

J&, ARG IARE GG reads, 28T dasthl o hifs 1. FRBE
SRS YRR, JRIREE T reads AT DNA AR50 535
FHA T R&, 44 reads A9 &5 LB KT 99%, F2AH I
YR 5 B W s ) A B, nT TR S50 .
2.2 4% Alpha 1550534

Alpha F8EUREWS S Wi H AL S T B2 E i b i) =
= E SR, Chaol . ACE F8HUHA, HidFhE=
JE#%=7, Shannon . InvSimpson #5 #E A, H A4 Fp 1y
SRR, N3 2 Frss, Chaol. ACE. Shannon M
InvSimpson #5448 HI100>HJ200>PTMQ, {4
Fh 225 BE M M9 5] FE 9o HI100>HI200>PTMQ., J#
TR F8 e, ws b 25 i, XA 3 B A B g i
YEF, i hEE RS JC 3, i nl e e e A K 5
B Q. SRIGHEST DL SR ol iy, & i RE s e
PHREFR A, RIRFRTHE I AR LEE T B0k &R
2y [REY) i, TR R 24 25 A JCRERS I HE A TE Tk
A, S5 G RIS ST, HI100 [8F=E
R A R, N S ORI 2 P, (R
B IE T 22 b Z R ge i A P A KA G

2 AN[FEZZHFEAR Y Alpha FE%0R
Table 2 Alpha index table of different wheat Qu samples
) PRI H
FEAR AR
Chaol ACE Shannon InvSimpson Coverage(%)
PTMQ  338286.2 348083.1 9.566 4928.354 0.994
HJ100  980619.7 993111.1 11.719  24903.540 0.974
HJ200  754085.9 800910.7 10.235 7999.080 0.979

2.3 YIMER KA

2.3.1 RSP FIS3 537 (Principal Compo-
nent Analysis, PCA )i if £ B X E i FRAIE DTk B K

B RS T AR, AT A BV SRR S TR 19 22

SR USRI thHE24 5104 8@ KOS R i AH

XT=E A PCA S3HraniEl 1. 55 —FEE — 3= Ak bR 4351
BEAL TTIREE S5 BB 82.1% M 11.17%, REREAT L
Hb Sz e R S Rl 25 55 . HI100, PTMQ & HI200
TE PCA 43#rh o8 44380, JHorp HI200 5 PTMQ #H
AT, 10 HI100 5 PTMQ &% HI200 438 T A FESR
B PN, AR R 2 W =04 il A9 D i o 2H sl EL A

2544, {H HI200 5 PTMQ 22538/, T Al fiAL
PTMQ. HI100 f HI200 )& 7K L34 Fh 14 3= B
225, VEIE K- RIEIRIE N 2 IR B Jr Bt
Fe— LA, B DS (0 38 0 0 =E 5 o AR

Ko BARPEA AR, AERN P o DeEsE 1 -F

B2 LR BRI 22 5, PTMQ 5 HI200 B (453
A T2, KU F YRR 5 AR RIS, AL

TE Aspergillus [B—E2E5E, TS PTMQ F1 HI200
FHEL, HI100 £ Rhizopus . Puccinia. Pantoea . Klebs-
iella, Aspergillus. Limosilactobacillus. Rasamsonia .
Paecilomyces T ¥ AR ESR ¥ PTMQ 5
HI200 5F—3%, HI100 SRy —35, 5 ik PCA
SRR 2

10 -
_ s @&
X
= [
= 05 [
g (&3
* 51 W 4131
® PTMQ
10 - HI100
HJ200
—4 -2 0 2 4 6
PC1 (82.1%)
K1 AFEZ i PCA K
Fig.1 PCA analysis of different wheat Qu
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Fig.2 Clustering heat map at genus level
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1506 F, HI200 3R 1110 F, 3E—E 0] HI100
YFh Z AR . b PTMQ. HI100 &2 HJ200 1t
B 695 4, 435 HE BRSO 72.32%.
46.15% K 62.61%. MAHRIPFF 5 EERE, HI100 11
YRR AR SRS PTMQ K HI200 HLA K225, 1
PTMQ 5 HJ200 W EAF 4 S AR B i PP 2H A o

PTMQ HI100

148
110 312

695

56

HJ200
K3 Bhk-4eR A

Fig.3 Venn diagram at species level

AT Hh i S K- AR ZH B UL IR 4 EEAA T
& HI100 #H%:F PTMQ 5 HI200, - ¥Fh=E 1 5 b
B s), BAE S e, H, fh )8
(Aspergillus) . Z45H )& (Paecilomyces) . PLFRER
JE V.5 )& (Rasamsonia) ¥ PTMQ 5 HI200 5 kb
I =R, & 558 (Penicillium) . 3§11 & (Tala-
romyces) . ¥R FLAT B )& (Limosilactobacillus) X
2, AR E B (Pantoea) F T B 1A K H )& (Klebsiella)
FRE S Rk . T HI100 DR 49 Fh ¥4 5] B v 25,
Aspergillus. Paecilomyces. Rasamsonia. Limosila-
ctobacillus . Rhizopus. Klebsiella, Pantoea } Pucci-
nia W5 LbI58, A Penicillium 1 Talaromyces 5
PERA

100 ¢ —
0O Aspergillus
@ Paecilomyces
80 Rasamsonia
~ '_ @ Limosilactobacillus
< 60 Rhizopus
=
i Klebsiella
o401 Pantoea
i 8 Penicillium
20l m Talaromyces
B Puccinia
= £ Others
0 =
PTMQ  HJ100 HJ200

K4 J@KTHESARRIE
Fig.4 Stacked column at genus level
AR i AP HES AR IE ILIE 5. ARTE I
+} 5 ( Paecilomyces varioti) FAT AR Hi 55 R JE W B
(Rasamsonia emersonii) £ PTMQ 5 HJ200 & 5 kb
Hers, SR EE T (Aspergillus hancockii) IR 2, g FGHT
1B FLAT B (Limosilactobacillus pontis) . il 9& 5% BR A
(Streptococcus pneumoniae) N 3G 33K E (Pantoea

agglomerans) S5 K. T Paecilomyces varioti.
Rasamsonia emersonii. Limosilactobacillus pontis .
Pantoea agglomerans . rE AR B ( Rhizopus micr-
osporus) X 8K ZFE AT B ( Puccinia striiformis ) 1E
HI100 w5 Fe X% v, AU 8 85 BR B (Streptococcus
pneumoniae) %= 1T LUK

100 [ — —
O Paecilomyces variotii
O Rasamsonia emersonii
80 B Limosilactobacillus pontis
- IBBRS o Streptococcus pneumoniae
:\vj 60 B8 Pantoea agglomerans
:‘E[ B Rhizopus microsporus
40 8 Aspergillus novofumigatus
# Aspergillus hancockii
20 % Elaphomyces granulatus
8 Puccinia striiformis
O Others

HII00  HI200
s AP AR

Fig.5 Stacked column at species level

PT Q

{HASEZ R, FHE T PTMQ 5 HJ200, HI100
HAT S FEBEN) Rhizopus X Rhizopus microsporus,
IRFN T B 55 22 5 Y KAF- (P<0.01, WLIEL 6) o[RS
HJ100 i B 5 & =F B By Aspergillus hancockii I
Aspergillus novofumigatus, .35 )& th & )& o LT
HY B o WIF S AR BEAT I Hth Py Fb e A bl S5 i T
Pantoea. Aspergillus I Rhizopus 55 5 3 J& U1, 6]
B LIU 6P Y2l il L % %2 Y T Rhizopus micro-
sporus, J& TAREE)E, 5AHIIT I 45 L b &R
SrARTE] . PEIRIE P Aspergilius (T BE )& ) 7] = A= 45 Fh
ReL &Ik (e Ry B 5 1 MR S S5 ) , 8 A2 I 4D,
JHA U 4 i & MR iR LRk PR TR S 8 1 AR5
T 553 SR T AR R T /N SR N
PR, [ s AefE P o ) ) 43 it A s i b 2 40 Jo A 73y
o, DRBE T A IR A KT R . Rhizopus (AREE
J& )R] 7 AL B A B, RIS 7 H A LR ARG
JFFEWYITT, X B g XU BT BAT B TR, PRk
Rhizopus } Aspergillus JEMAE YT i Ak A EE 22
MIIIHER . MIX— KA, HI100 R RER:EFhE 5]
B s AEA R A S MY A, T B S TS
[ 3 SR SE A M R BT BT RE T o

PR A 22 S R PR AT BB SRS N 2.5% JBT o)
B eoiS et ARSI A A, A b
AT E IR RIS L P B AR, #RnT RS
Gl Z BT A S A KSR A UL E . (BES
5% JBTHe 43 E A BORS 2 AR BE AR, ATRRSE: 5% it
BRI EOR Th S A T 2 AR M A S A o, 4T
il 7 OHAR A, AT i Y S R BB AR A S I
PR M R RE R . 255 b, LA 2y gkl ithas, 22
TE—E J0 I NS A e 3 A2 2 ph h AR A 2 AR
Yye A=, BETTHE TP i ArobE At S5 it A i ) 5
IRFBFETH Hh B R H Yo
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Fig.6  Analysis of the differences in the rhizoctonia species of
the different wheat Qu
TE: B B 5 PTMQ #E A7 LA, * o HAT i35 25 5
(P<0.05), **F/R HATHR 3% 225+ (P<0.01)

24 INEEERE
2.4.1 KEGG WJEEER T KEGG(Kyoto Encyc-
lopedia of Genes and Genomes ) J&—"H KW RS
BSE MBI ZE, 366 T ZE KA | A= B R Ge 1)
BEfEE . HALHE: 4914 R 58 (Organismal Systems) .
R (Metabolism) . A 2495 (Human Diseases) | it
%45 B AL FE (Genetic Information Processing) . 15
& B AL FE (Environmental Information Processing) 52
21 ity 3L #2 (Cellular Processes) 6 & . WKl 7 iy
78, HI100 5 AJEP AR S 19 B ] F B2 o LU iR, e
KA HI200, PTMQ & U fi s, SRR 32 )3 5k i,
Al RESSREMA B il 1 2e A E . = DA,
AL AT RE (FBE 5 EE>50% ), F=BH gl PR Ak
AW AIHE SRS BERS, SR B i ISR AT At T 3
fiio 1H HI100 ZEFH 4 AR T ReR e 5 LE RS AL,
M PTMQ 5 HJ200 FAEXT = 5 ) A< — 2%, AR zh
BESE A A i sh i A, 48R B A I AN AR o
AR, R R b S SR BT o s AR B B A
KBGH, [RA A 778 R GA U T4, X it B 114
BT B B S Y SR AR Bl 2
BE— 2DV RN LR S TR BT, (S T R
Bl R N DI Re T E 2 WE A 0T B BRI, UL PRI RUBR
A BT s b i (s XURA S P i 2R 0 I w1k
IR, I AR 8 R VG A A R T ), RN, PG —
S, HI100 HRofy G AR gL L PTMQ A2 HI200
AR, REZPE A A B A R R AR S BT T -
TEAEPE RS, R (5 B AN | FEE(E B AN 41 i
SRR SE RS, HI100 A9AH YT & i AH BT HI200

YR B S T A A 5 B 1 AR AT A TR A B,
P —ZRANI, BREAS SE 4 SRy T PO

O Cellular processes

O Environmental information processing
B Genetic information processing

@ Human diseases

B8 Metabolism
O Organismal systems

FHEE (%)

K7 KEGG —#IIfeHEH LR
Fig.7 Abundance of functional genes about KEGG at level first

KEGG IRt 35tk /Kb &1L (Carbo-
hydrate metabolism) . Z23ERRICIH (Amino acid meta-
bolism) & iz %y F1 53 fif G 1) ( Transport and catabo-
lism) 4 Z R . &l 8 ifzx, PTMQ. HJI100 #1l
HJ200 BH7E “ R YEFI14J5(Global and overview maps)”
FEELH b B B E T2 5 o L, AR S ey A
BRI SRR H EE RS A RS IS oG, Bk
e AR rp BB AR IS . A, EOK B A AR
W WP NG SR R A Yo, HI100 BAA T S
PSR . REREASCRIER K A5 904 QI AH S L R A
T, AN R DI Ath A DG SRR BRI T e e AR 5T
LL5E, FEOW A S B UME R AT, R Rk SER 7R
8 PGS th TPt a2 ) T & B ok b & 4%
W M 2 LR AL T RE, SRR B A A Iz AL .
T BESR T i P LA A i R BT, X
SR AT il P TR BRI 2B A RS Bl 7 TR
1 JIT AR TEA 1 . BRI AE Sk A S A B el
FEFRACIHIAHSC I RS M, PRI il b 4 HH e
AeEF S51RA G,

180
o Others
160 o Global and overview maps
140 B Neurodegenerative disease
~ 120 B Carbohydrate metabolism
S [ || & Amino acid metabolism
3 100 R . .
i s o Signal transduction
Y 80 Translation
H 60 8 Transport and catabolism
40 m Infectious disease: viral
k & Folding, sorting and degradation
20 | 22
| = Infectious disease: bacterial

0 =
PTMQ HI100 HJ200

K8 KEGG —ZIREHENFEE K
Fig.8 Abundance of functional genes about KEGG
at level second

242 CAZy I B4rHr CAZy(Carbohydrate-



<62 - £ Tl B4

2024 4 2 A

Active enZYmes Database) J& 6% 7K -G 4 775 14 g AH
KL BRI, N FEREEILIOK L& IR
e . DA R AEME ARG R % . HALE FHAS
T B /K f# A (GlycosideHydrolases, GHs) .
W HRLEL FL B (Glycosyl Transferases, GTs) . Z2 K24
fiff (Polysaccharide Lyases, PLs) FIHH 2SS fi% B ( Car-
bohydrate Esterases, CEs) . & AL if JF fiff ( Auxiliary
Activities, AAs)B!,

anE 9 Frzx, PTMQ. HJI100 F1 HJ200 7E CAZy
P v 2 Rt AH 2 & B S5 GHs. GTs. CEs A&
AAs FHICHYRER . FEREEE S PUA GTs F1 CEs,
BEE S GHSs, T IS AAs.

o HJ200 = HJ100 o PTMQ
PLs: polysaccharide lyases

GTs: glycosyl transferases %,zm

GHs: glycoside hydrolases o
{COCTTTTTTTTTITTTTTT e

CEs: carbohydrate esterases %

CBMs: carbohydrate-binding modules

AAs: auxﬂlary activities IFEFEE T A A T I I

0 5 10 15 20 25
FENHCE <100

K19 CAZy HRAERE K
Fig.9 Abundance of genes about CAZy noting

AAs BLIEE BRI R, etz by Bl
EALIEIFEERPY, HI100 76 AAs FLRFEe b
A%, VB AU A b Tt AR A T i 1) 5 B TR, DA T HE TG
AR BB 3L, B I R AR = N HAA .

1 GTsP*! GEAE MBS oz 12 B AR 19 52 44
(FEH . ZRSE) L, b s =B A — 2 A
WPEDIRE, AN bR R B AL AR e bl S AR
2, ¥ H TP ATy, HI100 ' GTs 1
I RO s, JLURCh HI200, PTMQ B B Ik,
1 HI100 A 12 B B8 & & i P 3L AL 1, LRIE
THEEAGTE MR A A, T RER R Rl S T A
B S H RS I

GHs BN /K B, DL Eses b1 it Jy 0K
FENEISAL G0, B P TEAR S SRS
SRR A B A K EEE A LA, [REHE o e A E
FH, B3R IR K i B AR S R NGRS
JBT, SRR UE A AR TR PE T BRI EE LY BT . HI100 1Y
GHs FH¥, kT PTMQ 5 HJI200, i8] HI100
Y P R Iz B S A GHs, BN AT BB EAT B
R 1 S DE R B RS TR R RE ) . T E
ST AE = AR Rt i, B2 T e EE
i) GHs, AW 3 29 GHs E R NS85,
T EH AN [F] 2S84 3eg fth AP R AT B I R R A e 25 5+
my, B EZORATIRRIA JZ S GHs A%, A REEA
AN th A LA iEs MR A S el &, =
B~ GHs FIFHTERIL 3 S A K ESEMIMAEY
ZOR gt v i BRI, PRITTAS (RIS 28U i iy b

5 GHs A CHIDIRERE AL T XM FH b A7
MBS JSt A Wy 2 ith oL 0 R A
Z—, Hit GHs % SR . ithd X777~ sk
B e ARG . IR 2 53 Fr i HI 100 R
T B AR B A Y, HAk o PTMQ, J&
SAHI200. N, 7E HI100 H GHs 19 #05 f w ,
PTMQ Kz, HI200 fflk. RIAES 2.5% Joti /040y
WO R UE T MR BB 2 W i 2B o, (R i
) ORI, T 5% Bt o B0 B RS A I
22 (A R S B ST T AR K, BOEE R
RERCA LR TR 2.
2.4.3 SEED LJEEVERESTAHT SEED Subsystem & [E]
Br_ N4 D RR S-SR, v RAST(Rapid Anno-
tation using Subsystem Technology ) i ZRIABIE 2 .
i 10 iR, 78 SEED —KIIfE T, 435 A
1 51419 (Protein Metabolism) . % 7K k.G 4 (Car-
bohydrates) . 2318 M HA7T 4 %) (Amino Acids and
Derivatives ) X 4l B FI4H AR (Cell Wall and Cap-
sule)4§ 10 fABIHR

o PTMQ ©@ HJ100 = HJ200

SE A TR

10 SEED —ZIIREEEH F= 1A
Fig.10 Abundance of functional genes about SEED
at level first

EVRITE, HI100 7 10 > JEEAC R b, A% =F
B 5 e A s, i 20%, IR TF HI200 5 PTMQ
Z AN, HI200 X2, N PTMQ MIPIf% . Hh 5E Ak
AR kARG Y . EIERR AT YA LR, 7
HJI100 ¥ 5at s i, JHC55 B0 1 o JoT B2 AE O,
B BTSRRI OGP B g R . 1R, Bk
A AR 5 RS RN BRI A A e A,
HJ100 i HAA WS EE N S5Hi7 . 4848 BE
21 3R, AR FN AN AR S A G ) T RE L N, 7R
AR B T R YRR AR, AR R R
WA AT, T PTMQ F1 HI200 AH KL AR 358 5
LbE/S, LfIKF HI100,

A BEZASIN 2.5% JTTi 5320 ol (HI100) {2 i3
T HE AR kG SRR R AP he
A A, S e A R A i
ML B, PR AH o6 3 N B B AR AT PTMQ 5
HJ200 HAGHE R



%458 £ 3

GREZE  4F: BORXT A M EEYIRE R 2 S LD RERE N BRI £ 63 -

3 NIRRT A

Table 3 Indicators of the finished wine made from different wheat Qu

W H MAE(g/L) ZHt(g/L) pH M (gL) RAEMAEA(gL) HEHE (vol%)
PTMQ 9.832+0.150* 6.980+0.218" 4.710+0.131° 3.395+0.085* 0.168+0.011* 10.624+0.072°
HI100 14.591+0.250¢ 10.537+0.219¢ 4.790+0.105° 4.367+0.095" 0.452+0.065" 10.750+0.088°
HI200 11.522+0.167% 8.295+0.275° 4.627+0.134° 5.230+0.171¢ 0.358+0.022" 10.520+0.091°

T [FS R R TE .25 2252 (P>0.05), A RIIZR BAT W3 225, Horh 3 B/ NG 3RoR 28 5 135 (P<0.05), KRG FRR 225 4 (P<0.01).
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