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B OE. (7] AR HEHR LYECO3 2N HZMRER T > BFE M EZ L BE/K. [B] #F
RARER LYECO3 B re) KB 4015 & A LR BptAe it = s et it, AT RFEAERHLER
kBN, [FE] EARERIMEENR., ITS F7) 52, EMFERAERBEMN G325 4H
#h LYECO3 #4755 fo K B 2045 &84T, KA P74 B 69 H Ak LYEC03 K BEAtest, A A RMER
StAAC T B AR BALBANE R B, [ R] G RIARER T BTG LR LA
LYECO3 A AL RKER . AR LYECO3 55 L ARAE L3, SAFENA % EHR. ROk,
FACEE Al B BaAR X AL E; AEAARLERT FRD, LPRREE. AR RBE. HEEH
FoRAE R KM, 25 2 BOMRAES. M Ao KT A hEEF HEHHRAE K. 4%
RBHRAT . FLH %, RGBT BB X AR LA T TR, B LYECO3 AR A7) K&
30 623 602 bp. GC &% 51.70%. % 13 033 NMAE . %AEE LIk 55.74%, 557 8K emi
W BB, MR AR, R BRI L 7RI F IR KA Rt &
2 F W R RSHR R0 AE. BARLYECO3 A K. T2 BRI LENENE EIAMNZF M. 2,2-
Z R 3k -1-3 F B (2,2-diphenyl-1-picrylhydrazine, DPPH) Al & A F R E 452 g d A F R E 3 MAk
BRI —E, M ENRE IS EEIEGALAYE. (LR R KEBANABFRS LA RmT 4k
B, EBOBff B AR S EFEEMMAX, SAERKERNARAE EoW AL L BAFBRAR
H AT R KB = S ab i 329, FALAERR. BT VA IEHE 5 @5 A REFFIRIE.
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Isolation, identification, gene composition, and fermentation
characterization of a Eurotium cristatum strain

CHEN Xiaohong', WANG Jingfang', ZHENG Xinping', LIN Haiqing', HONG Yanpingl’z,
LIN Biaosheng "
1 College of Life Sciences, Longyan University, Longyan 364012, Fujian, China
2 Key Laboratory of Fujian Universities Preventive Veterinary Medicine and Biotechnology, Longyan University,

Longyan 364012, Fujian, China
3 Engineering Technology Research Center of Biotechnology and Health Products, Longyan University,

Longyan 364000, Fujian, China
Abstract: [Background] Strain LYECO03 is a major fermentation strain isolated from Fuzhuan
tea in Jingyang county, Shaanxi province, China. [Objective] To reveal the genomic
information of strain LYECO03 and the fermentation characteristics of the strain for loquat
flower products, and clarify the fermentation mechanism of Eurotium cristatum at the molecular
level. [Methods] Morphological and microscopic observation, ITS sequence identification,
next-generation sequencing, and whole genome sequencing were employed to identify and
analyze the genomic information of strain LYECO03. Furthermore, the strain was used to ferment
loquat flowers and the effects of the strain on the main functional components and antioxidant
properties of loquat flowers were studied. [Results] Strain LYECO3 isolated from Fuzhuan tea
in Jingyang, Shaanxi was identified as Eurotium cristatum. The genome of strain LYECO03 had a
high coverage of the reference genome and contained abundant genes related to cellulase,
protease, oxidase, and lipase. The genes associated with bacterial growth, energy metabolism
regulation, fiber production, protease production, and oxidase production had undergone
mutations, including hypothetical protein, carbohydrate kinase, cellulase family
glycosylhydrolase, site-2 protease family protein, polyphenol oxidase, and glutathione
peroxidase. The genome sequence of strain LYECO03 had a length of 30 623 602 bp and the GC
content of 57.70%, encoding 13 033 genes, among which 55.74% were coding genes and
involved in the carbohydrate metabolism, amino acid metabolism, xenobiotics biodegradation
and metabolism, energy metabolism, lipid metabolism, and metabolism of terpenoids and
polyketides. The growth of strain LYECO03 and the content of its main functional components
presented consistent trends (first increasing and then slowly decreasing) with the three
antioxidant indicators: total antioxidant activity, DPPH free radical scavenging rate, and
hydroxyl free radical scavenging rate. [Conclusion] The fermentation characteristics of E.
cristatum were related to the rich cellulase, protease, and oxidase genes in its genome. Probing
into the genomic information and fermentation characteristics of E. cristatum will provide a
basis for improving the fermentation performance and applying the strain in food, light industry,
medicine and other fields in the future.
Keywords: Fuzhuan tea; loquat flowers; Eurotium cristatum; genome; fermentation; antioxidant
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56k 28 U 2E 7 (Eurotium  cristatum) & R i 4%
REEF R, fE—E &0 T 7 1,
TR A5, AR aAe !, IRRE e —Fp
KRR, BT R, A BRI TEN
MURE, TR P A8 1A BH B AR 25 R AR Z 8,
HRA% 25 DA HMUR B VR SR 1 PE A& I N R Y
A TG T P R 5 T B T 43 b 2 P A
MEFAER M. EOAM . BREE . R 2
Ol SE, B A ) B i e AL R A, TR 2
H S A KTFLEM R, JERL T R 25 MR Y 2
AP,

SEE SR RN T e EAAE ™, i
P s e aya AR PN ES 2 R s e N N
AR, A LERF R B L T R TR AT AR
e IR S B e N R (S U S D ¢ 1
PEFARBE T, A — SR E LR T A
TS AR | e e I | LT R el AR
PERN R TR, AR X NS 25 ) ik
WEoR R WY, 58 BRI 0 W 1Y 2 1 AR AL TN
(polyphenol oxidase)A] 4 A< - Hr () LT P ot
25 Z W A AL S A5 41 K (thearubigin) . 2R &K
(theaflavin) L 2 45 #5 2 (theabrownine), {450
WREEA, W T ekt T 2 B T A WA Y
#H 1 8 (protease) BE fii 45 M+ 25 11 Ji 43R T 1l A
LT LT BT A 2 IR , e 58 HICHE T 40 WA 1) Bi]
BRBR IR i (ferulic acid esterase) ] 7K fift 4% M- A
P2 ER B (ferulate) B H U7 25 11 BT 2R R (ferulic)
1 BT B R EL A 2 b A= 4 ik s R
ik 5 Hl 2 TR A AR ) J LS 2R (catechin) , JLAS &R
AR EY ML SHIRIE S, B T
MEFES . AR, toh, R HRE
TR R T 1) — S R AR 7 ) A R AR il I L B4
b RGBT B R B S 2 A sk
PRI EA R AF B i (E AN R 1 o HET, XF

b R HCE AT R BF S 5 2 SR AR A K e T 25 A AR
WS PR = AL AT A A 15 A B 55
TN SV o o) & S i B y-a 2] e e
LB TR D

FeEDR LS E R R R A= 7= [, 7 it
S 23 L b MR IR R, BA ZRESR
IO AR A AR T, dnBTEA . IEER
T RPN 55 o MASAE/E T [ HAT
BRI ZG P HIDT s, AEB £ i Ok, AL AE
(W FF & ARG R, Ak, IR
1 FE AL AEAR SRR S AN BT IR B, XA
AEZRT™ fh i T B2 TH B AIE 58 0 B RS AE T 5 1Y
— A R, BT AV 2 B AR A
Ao s RN L RO R A R, X
PEAT ITS Fpa % e KAE MY, 67812 14 1)
Pl SRR SC R LD A8 S5 1 0 AL TR #) 2 g
o A FE I )P et 2 AR TR 1) A I R Aok
K BEMUACAE , 20 ek 5 RO o MU A ) 3
RO BT A A PERE R SE e, LU o1
K b4 7 e S B TR R WAL L B e AR
K BRI FIRUAL FE 2% 258 e 5 THO20E B0 A TE 7™ i i
JoT Ak B O LAt

R

1.1 ##
1.1.1 #5&

PRAEZS . T K BB PG 4 v P L RR S .

MEAEAE - 538 £ 1% (Eriobotryajaponica Lindl)
MEAEAE R A AR T H
1.1.2 HEHFE

Ty % B A A B S 37 B3R (potato  dextrose
agar, PDA)EFR3E(g/L): D405 200.0, %) b
25.0, Biifg 20.0, pH AR,
113 EZERAFFMNER

TsingKE Master Mix, J 7 FEE A= il
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T EA B ; DL2000 DNA Marker, RNA $2
WK S B s i) L A5 BRI N DI . Taq 451t
M, A TROGEARAHE; 56, Jt
T YL RR L IR A BR S | 5 2R 43R 5 e ik
F&, BMFEAEYEARA R A W] s HREHER A
DNA 2Bl & . S nfotsn e . a7
1% (bicinchoninic acid, BCA)E F & &k &, %%
B RBHECA R A Al . PCR {XF! NanoDrop
2000 BRI, TR RIHRBHA R
ANl BERBUR RS, W B EA T RIKE &SR
FRZyE]; Qubit4 Fluorometer %2 45 FH 25 Yo iE &
1, SO E YRR PR A ]
1.2 EHRHDBEESHEEE

FREL 1 g PEFE45h0 100 mL JCHiZK, 28 °C.
120 r/min $3% 55 3% 30 min, FHRBIR A VA
OYETHAR, PRI B2k WP
N AR B, TR AR IR R
WA PR 2 2 PDA AU, 28 °Cli3:
FEThEER 3-4 d, WMERERE BRI TE BRI
PR T R, TR ZERK, DAFERR TR
W22, srEdys s by, TR
BE PSS, ISR Z AR . K/ B S .
1.3 HEFkRIEREE DNA EE. ITS 57
PCR #1800 [ bk X

FHERSENZ DNA $EGAG S 3L U0 2
PRI DNA, IR DNA HBOHCR F T8 A
A% 53¢ [R] R X 41) (internal transcribed spacer, ITS)
514 ITS1 (5-TCCGTAGGTGAACCTGCGG-3")#l
ITS4 (5'-TCCTCCGCTTATTGATATGC-3') i#f 17
PCR J i, ¥ 38H BAK B 600 bp. PCR J )i
RZR (30 uL): 2xTsingKE Master Mix 15.0 uL,
Primer F (10 umol/L) 1.5 pL, Primer R (10 umol/L)
1.5 uL, DNA #fz 1.0 uL, ddH,0 11.0 uL., PCR
S A : 94°C 2 min; 94°C30s, 52°C20s,

72°C 20 s, 33 MEH; 72 °C 5 min, HUIRWEEE
R KA PCR 7740, 48358 e IS iatR) & 156 I
HEATRERE M L 2lif, JFZFEAt s AR AR EL L
HATBRA I ZE T . Lt NCBI 8 E i
BLASTn #2J7 , K IR A3 AU R BR TS J751)-45 %
JE AP R R 19 10 ARSEEIRUF 8104 T X,
] DNAMAN # 0 R 50 & B R, WA ATy
PRI B2 S 2
1.4 EHRENFISH

FIFH v i 0 P H R (high-throughput
sequencing) ¥ I 7 2R A5 L N 4L 7 91 S5 ik % S
5 HE N AH AT FORE, A R4S R AR Y FRAL T IR 22
A A (single nucleotide polymorphism, SNP) |
¥ A Bkt 2% (insertion/deletion, InDel) . %% f4) 2% 5+
(structure variation, SV) Fl 5 Dl % A¢ 7 (copy
number variation, CNV)35 54748 45 B .

FEVEAT SCEAE L 2 11T, X6 T ) o 3 R
41 DNA BEAT ™Mk, {145 DNA 2%
(NanoDrop il . OD,4/ODaso HUH)Fil DNA 58 %%
P K e FE (Qubit4 Fluorometer FIEIE M EE I HiL 1k
Rl o FESRTINA A8 S, 4] DNA F Befe
AbBE, H i DNA MR BSCE . ESLINY, 426
Iy B LX) 31 228 B DR A, ARASAH N 1) 35
178 S A5 BT HE X430
1.5 BEHREEEAERERMGERERAD
BeIERE

o ARAT A0 TR R S D A R = A S A
(whole genome shotgun sequencing, WGS )72 44 4
Bm SO, mdb et B4R R B A BR A F
Mlumina MiSeq Ml J¥> - 5 52 B #R B9 — AL,
JIr I 7€ ) BB R ] spades genome  assembler
V3L BRMEEATARGE . PR . A3, WETE
PRI LI HEBR K], PR AT i A L R 4 P g
EREET,
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1.6 N EEKIZFAIETE & B4 %5
1.6.1 %ZESEREFZNVRDNE

W43 B IR RN 2 PDA EAR b7 K8
F%, KRG MA 5 mL o4 #Eh K
VEME, R AT BEIARAY 100 mL AEHER KA,
30 °C. 150 r/min $&JREEFE 30 min, fATFHRES
10° CFU/mL BHE N & IR A - B Y
REAEAE 10 g 2 A 250 mL = A, s Sk
KA 2 min Ji5 NG 7K & e BHR 2 B K ok
40%, 1 T HERI R 5%3EFh, 28 °C. 180 r/min
BigE 7 do K37 1-7 d BRASHL 3 A3 e A T ARG
BT, PR TR VR T, e KR B . &1
ez, Db MED . ZAER. B, S
HREILR RS AL, SRIME. Kz B YR
F ( GB/T 8305—2013 Z/KE H#riE ) B vk
HEATINAE | 27 4 28 R P AT 2 28 3 it D 1
FNE (R ), B2 W R PR B - R T2
SR SR BCA B E il H &l
S IER S R P = L (6 I , 2R
FAARARBHAT M, LA 252 B R )
(TR T o BT ) 7 BoR SRS M Yok
Mg, LS FR A2 X S, A KR 372 nmP;
BILA R SR mE RABREN R E RS
JLZRZE A S S B R AT e B skl g, A ik K
>4 505 nmP,
1.6.2 AE#FRMELHEENE

BRSBTS 1 g, R
PRIV RS A 20 1% 20 BEEA 7 0] 37 15 45
24 h, 4 000 r/min E.0> 10 min WAETER , JEIE T
HEE R, AIF 2 IR - K&k B e il
A% 0.1 mg/mL, = EHi e kG . DPPH A
3L TE PR AR At 3ETE B, e B DA e AR R
C (vitamin C, Vo) i BHMEXT IR, Hodr, SPisfb
T P AR A SR = M 3A R 484 BE 7 (ferric
ion reducing antioxidant power, FRAP) 5 , F£ i

D B DA TR) A 8 21 A o o T 2 W O BE BT
FeSO,-7H,0 Z B /RE R N, ¥ mmoL/g; 2,2-
TUORFE-1-75 3R (2,2-diphenyl-1-picrylhydrazine,
DPPH) H H B EBR FR P EAENNE , B H
FLVE 2R K Fenton Sz i JR B &, BAf Y
H%, FARNRE 2 RN Sy ik A 7

2 EREQM

21 REFABEMBIEETE

S M B PG VR BH AR AE A R 3R AR R T
13 #RE, H—tk4a5 o LYECO3 MY PRI 22
HUH: . AR . 2R . Jois g, pEe Ak
ST H B Qi 1 BT, BBk i AR
LYECO3 7£ PDA 5373t I I 75 2 BRI R TE (&
1A), JFihicss, ArasR, giREa,
YR E R, BRSO EIR 2, &
Je AR A, A7 G R R R I AR S K EY)
SRR I AT TSR R, X e
TR O BHEZAN, WLAE, AR
M, FRERESGEERIE , 1R T HAR R 2 M
(& 1B).
2.2 BE#k LYECO3 BELEFH LS 7

PIRE LYECO3ITS J37 41434 i) PCR HE UK &1 4N
Kl 2 s, fFEBUHIMTSIKE, H PCR ™Y
k1 600 bp 2247 - NCBI $44% 2 H () BLASTn Hoxt

Bl 1 E# LYECO03 BiEESAMERIETHS
B)

Figure 1 Colony morphology (A) and microscopic
morphology (1 000x) (B) of strain LYECO03.
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J DNAMAN % f4:(neighbor-joining, NJ)jJ:Fh)
WRZEEBWWME 3 Frox, 4558 %R K
LYECO03 515 14 & (Eurotium) JL /T2 B B AR 1L
Pefem, Y0 100%. Z35 AT R R LYECO3 1)
TR 7% T AR AR GRORR A, K BT 23 12515 3 A T b
LYECO03 i % N 5 % B 4 % (Eurotium
cristatum), AFR“EAER.
2.3 E#k LYECO3 WENFER
231 XS ERREBMER

ZEME , BAR LYECO3 JERIALRR il A5 &
AEER , B 9o LGN P54 4 : raw base
4 090 943 100 bp. effective rate 99.21%. GC
content 49.23%; i1l BlueWater iz 2 )% %
effective rate 5% LA AT AT, VLHLHE
(mapping rate) A 97.76% . -3 ¥ I ¥ (average
depth)&y 107.23 . MFEHE R 1X WER/ME T
Fil(coverage at least)} 98.52% . M FFIRE N 4X
e/ NVE TGN 98.40%, FHARKE LYECO3
JIF AR AT 0y Bt 5 22 Bk DR A T X DG P P 45
I (B 4) o A kP R SC A “gene
description” & BL I #k LYEC03 & AR ER .
BOKAL S YIEE . EFHE R MR R B . £
M2 BAMRGEN . 24REAR . a8
?2§%§E(core promoter-binding protein, CPBP)
TGN G B B« A TE R o SRR IR AL

95% 100%

fifi . iM% patatin FEREIRMERE M 3. BElG
i D KRN . ZEE . S A
FitE . THh-3- TR T S A A . S A T AT
O 2 A AR A R ) B 1 BT P b AR L

gt &R ¢ A ALmELL % T (cytochrome ¢ oxidase
assembly factor) CtaG ., I E ¢ AALBEI I 11,
Y3 ¢ FALBREIE 1. R2 FERLIARZS A A S
T TR A Ak i IV % (glycolate oxidase subunit)
GleD. HilE el L-REZARRAINE ., 2-7%

bp M LYECO03

2000

1 000
750
500

250
100

2 E# LYEC03 & PCR Rk [E
Figure 2 PCR electrographic diagram of strain
LYECO03. M: DL2000 DNA Marker.

LYECO03 (SUB13767738)

100% | Eurotim cristatum strain EN220 (JQ743649.1)

100%
100%

Erotium rubrm strain 4-12 (HQ316568.1)
Eurotium sp. strain [S2_14 (MK461039.1)
Eurotium sp. strain IS2_1 (MK461028.1)

100%| " Eurotium sp. isolate Liaoning-Rfsb147 (KX067881.1)

100% | Eurotim sp. strain GA-S5 (KF888652.1)

100% | Eurotim amstelodami strain (KC466532.1)

100% | Eurotium amstelodami isolate JHO3 (HQ728257.1)
99% Eurotium amstelodami straim 8-4 (HM992527.1)

100% " Eurotim rubrum isolate UPM A14 (HM152565.1)

3 Bk LYECO03 EF ITS 84 [E I8 34k &t

Figure 3 Homologous evolutionary tree of strain LYECO03 based on ITS sequencing.
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g 5 — Sequencing depth o8
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Figure 4 Sequencing depth and cumulative
distribution of LYECO03 strain compared to the
reference genome.

PR A AL R SRR AR | RERT A ™
LYY, UEREE . RN, AR, ek
AL, RERIDE S AR DG SR R R 2 .
232 EHREREAMTRERON

M TZHILHH, Wk LYEC03 SNP i
Ferp, HARLRA A HK (het rate) A 0.044%o,
S RTE 4 991 AN(HEANFEHEYL 0.017 5%);
InDel {EBH, HAfi A 28 4% (insertion) 5 Fll 844 4 |
Bk 575 (deletion) B A 506 4>, Bt 1350 (i
0.004 7%); CNV {FEH, HEhn(duplication number)
s 15 D18 (deletion number)X 4 0; SV 1 FF
o, K BEAYAR A (insertion) Jy 0, H B2 52k (deletion)
K 17, {8 E (inversion) Ay 29, Yefafk NI iE R
(intra-chromosomal translocation, ITX)4 20, Yt
A|8] )2 £ (inter-chromosomal translocation, CTX)
H 247, BaT 375 454 0.001 3%)., Hidr, R®AF
SERUMARBEE | oK A S . £ 4R K
WRHEEL K iRl . 005 2 BRI MR IGE N . 2%
ALREFNAT e H R S AL 55 5 R AR AR K e
AUV 1 07 VE A 7 SR AN P £ 4E A DG

fy Ak , 4r fi F JXNT01000001.1 .
JXNT01000002.1 F1 JXNT01000003.1 % 8 &Y
ORI Z 575 BB 5. % 1),
2.4 E#k LYECO03 £ EHELZRENF 5
241 EMFIINENEXRER

AR LYECO3 i — A e 3Jd B i A
LA, 12N ZH P BREEECH 4 090.943 1 Mb,
LIPS F) 2 518 4> scaffold, HiH1 1144 4>
KT 1200 bp, GC FH 51.70%, JFHHER
30 623 602 bp. TIMHZFEE A 13 033 K Zahid
X, LRGN 17 068 197 bp, Zifis X EK
i L He il 55.74%.
242 ERADhEEER

Pk LYECO3 J [ 4t /741 51 A B ]
TR 4E (clusters of orthologous groups, COG)., At
FRFE R 5 3L R 21 RF 4 45 (Kyoto encyclopedia of
genes and genomes, KEGG)., F&[H F=¥) 2 GE 5
J# (gene ontology, GO). JETUAEE 1574 5k
J% (non-redundant proteins sequence database, NR)
oK A A YT Pk B 72 (carbohydrate-active
CAZymes) H i 17 kb X
(diamond, E value<1E™), 435l B455] 5 689,
13 734, 23 345, 3 726 F1 559 I, Ho7E
COG iR, B mZ LA 550G
I RE i (general function prediction only) 742 >,
Wk K AL & W) 35 % A4 35 (carbohydrate  transport
and metabolism) 539 4. & JLMR iz iy AL
(amino acid transport and metabolism) 513 4>, Ji§
J5t iz %y AR 15f (lipid transport and metabolism)
463 A~ BHIF AR SS R 5 A= W) & A= (translation,
ribosomal structure and biogenesis) 457 > FlfE &=
77 A Fil%% Ak (energy production and conversion)
420 4~; Ak, AT AEYI G R, B
F147 f# A 8 (secondary metabolites biosynthesis,
transport and catabolism) ¥ B 2| & R A £,

enzymes database,
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ik 325 4~(l 6). KEGG {ERH, Bimm 2 Mt
W B2 A R . )R 5 HEA E 1 (global and
overview maps) 4 078 . Wk /KL G WAL
(carbohydrate metabolism) 894 >, % & R A i
(amino acid metabolism) 850 4~ #MJEAE R A4t
I (xenobiotics biodegradation and metabolism)
719 4. GEIEACif (energy metabolism) 670 1~ Jig
At 345§ (lipid metabolism) 588 >4k &4 Fl
R 2540 A9 B4 3 (metabolism of terpenoids
and polyketides) 405 (&l 7). X & B4tk

o =

LYEC03 Z 5/KbEY) . EHEMR . JE2EAIRE &

& s

TR ELAR TR IR, FLAG— S AR ) Ak 2 0 SR A
T A YIRS S A T — il ek R 2 Y
WA T4
2.5 B # LYEC03 & EEHtIETEFF D 7
251 AEEAEMNEMEGHNEHRE"HE
Wtk LYECO03 & EERUAEAEAN[] & B it [ 4
PG AE TR RGN 8 Frs, 540 1 d 5 iRk
FIRREAER, MBLTWIRARELZ; S 3 X
TR T, M 4dRMTRRE . BE,
S R TR AR A 2 IE(E(5.45% 10° CFU/g) 5
B AR BSOS, T,

A SRR A e fk . SNP. InDel, CNV

E# LYECO03 iBf5Z R Circos B 4 EINA R
duplication. CNV deletion. SV insertion. SV deletion. SV invertion, SV ITX. SV CTX

Figure 5 Circos diagram of genetic variation of strain LYECO03. The types of variation from outside to inside
were chromosome, SNP, InDel, CNV duplication, CNV deletion, SV insertion, SV deletion, SV invertion, SV

ITX and SV CTX.
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F1 EHH LYECO3 A REEFARBEK LS HER

Table 1 Distribution of partial mutated genes in strain LYECO03 on chromosomes

RALHHRY frs BEIH 20 PP 81 9t o LhRE TN hResrk

Mutation type Line No  Genome sequence No. Function prediction Functional classification
SNP I JEF X SNP Line47,  JXNT01000001.1 R A AR SR L iy
SNP annotation ~ Nonsynonymous Line50 Hypothetical protein ZAFYL A AR )

SNP Cell cycle control, cell
division, chromosome
partitioning

Linell  JXNT01000003.1 SRR NEIK BB A ™ A 6t
i ity Energy production and
Cellulase family conversion
glycosylhydrolase

7] 3L SNP Line367, JXNT01000001.1 B AK AL 5 B KA 5 s A G

Synonymous Line525 Carbohydrate kinase Carbohydrate transport

SNP and metabolism

Linel2  JXNT01000004.1 U RMRIENEROK BRI A%
fiet it Energy production and
Cellulase family conversion
glycosylhydrolase
InDel 1% AERS AR A Line2438 JXNT01000002.1 fis 2 EAMZEKER ¥, &l mAM
InDel annotation ~ Nonframeshift Site-2 protease family  1&&

insertion protein Transcription,
replication,
recombination and repair

Line6039 JXNTO01000008.1
Line4688 JXNT01000005.1 AWEH ML Al s A
Glutathione peroxidase =~ Coenzyme transport and
metabolism

R B Line5892 JXNT01000007.1 BiAK AL 5 P B KA 5 s F A

Frameshift Carbohydrate kinase Carbohydrate transport

deletion and metabolism

Line5991 JXNT01000008.1 Z Wy ALt GBI W5
Polyphenol oxidas [P g T W)

Carbohydrate transport

and metabolism
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Figure 6 COG database annotation of strain LYECO03.
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WK B LT YER TG . B, HRAE R b Y
YR . EABSE U REM, RS AT R
AR . ZWEY T, K B
B, ZH 4 FIRFNEE N 523.12 mg/mL; K

T ENergy proaucton ana conversion

: Cell cycle control, cell division, chromosome partitioning
Amino acid transport and metabolism

: Nucleotide transport and metabolism

: Carbohydrate transport and metabolism

N H: Coenzyme transport and metabolism

O I: Lipid transport and metabolism

: Translation, ribosomal structure and biogenesis

: Transcription

: Replication, recombination and repair

: Cell wall/membrane/envelope biogenesis

: Cell motility

: Posttranslational modification, protein turnover, chaperones

: Inorganic ion transport and metabolism

Nxsgs<cHV O™
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: Secondary metabolites biosynthesis, transport and catabolism
: General function prediction only

: Function unknown

: Signal transduction mechanisms

: Intracellular trafficking, secretion, and vesicular transport

: Defense mechanisms

: Extracellular structures
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Figure 7 KEGG database annotation of strain LYECO03.
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Figure 8 Live bacterial count of samples at
different fermentation time.
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Figure 9 Content of main functional components in samples at different fermentation times. A: Cellulose and
water extracts. B: Total polysaccharides, crude protein, amino acids, and total phenol. C: Total flavonoid

glycosides, total catechins.
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Figure 10 Antioxidant capacity of samples at different fermentation times. A: Total antioxidant activity. B:
DPPH free radical clearance rate, hydroxyl free radical clearance rate.
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