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Fig.2 KOG classification and annotation results statistics
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Fig4 GO functional annotation of the strain FJZ protein encoding gene

R ML o BL el Oy e FH O OBE LS WR IR L AL
VABEFE N 324K 2 55 IO R4 26 5 T8 1R 1) AH 5%
b, 2 T R R R AR OC T, A i 4 53
(Cellular component)9 838 4>, £y /& 4 %t K 41
37.5% , Ho A i 6 S 2 100 A~ i N &
2 021 M FEN

3 Hig

P T TR o R P A 55 7 R R 36 e % R e
AR BEACAE ™ 1, IS RS A O Y Al A
ik TR D A 2K 2 4k 2 B 150 fi il 4



220 hoE

[
[215)

i

2024 “F-55 5 H)

o3 ik W, A AN W R AL Bl I A BOR B | R
it | TG 45 o & T A R H I BR AR L R B AR R
PRI R

AR5 X B R FIZ AT AT 5, 4
i CAZy B3 Bt , FRARIbE FIZ 245 f g s an e
MR H L R R E Y, HAMAmI S
WAL G BT LG Y & B AL (VAO) T
P, BA R R BR B HE LA At O T2 TR FLIR
CERRE T, HAH B0 2 i b T SR Wi 7%
SN YA B2 s SERE I BT R Y BE 1 45 L GO 5 dis %
TR TINRERYFEIN 6 320 4>, H A 5ER L Kok
Iy M B EILAE 55 R A O G 0 RS R
b Tl TR 2 R TG 2 5 IS0 00 2 A T TR 1 A B
Ak, 75 KEGG 1Y 7 28Dy Re i e h 2 v m L A
7 815 A, Hp AR AH S LA 1 406 4, i 2
RS A 30 4>, 4id CAZy 2 #HT A1 GO |
KOG 1 KEGG %4 B R g i B, R W I bk
FJZ 5t F R £ 1R A FL IR £ 1 P RP XU 9 15 1) &
B K W 2 RS RIS | 2 R R I 285 45 Y i
AR I ) 5 BEL A AR

VIS N T A R F G R o 1 AR v AR I 5
A K P A 9 S5O B AL 3 R I T T B T Rk
FIZ 092425 A i SR R AR R 3l

& % x #

[1] XU Y Q, ZHAO J R, LIU X, et al. Flavor mys-
tery of Chinese traditional fermented Baijiu: The
great contribution of ester compounds [J]. Food
Chemistry, 2022, 369: 130920.

(2] MG KL AR BRI Rk S RS R Y A AR B X

TG 20 580 & T A9 52 W (D). VY % . BRIV R K 2
2018.
PU P F. The interaction between non-Saccharomyces
and Saccharomyces cerevisiae and its effect on the
quality of Haihong Wine[D]. Xi‘an: Shaanxi Univer-
sity of Science & Technology, 2018.

[3] EfEN:, WA, MRE. A BT 2% B TG B R R TR
& Tl b B9 BE T R LT, BRI A, 2021 (6)
95-101.

WANG D P, HU Y, JIAO F. Research progress in
the application of Pichia kudriavzevii in industrial

fermentation[J]. Liquor—Making Science & Technolo-

[4]

(6]

[7]

(9]

[10]

(1]

gy, 2021(6): 95-101.

MREA, Fd, =, . e 2% e
B iR R I O 15 BB, B A S R mE Tl 2023,
49(3): 60-67.

LIN L. C, BAI R, GAO Y, et al. Screening of a
robust high —tolerance Pichia kudriavzevii strain and
its application in Baijiu fermentation[J]. Food and
Fermentation Industries, 2023, 49(3). 60-67.

XU W Y, QI X X, HE X X, et al. Effects of
stress on the growth and cadmium removal ability of
Pichia kudriavzevii G43 overexpressed GST genel]].
Journal of Food Safety & Quality, 2022, 13(11):
3620-3626.

U R, dKmw, OIS SRR KUBR S 6] pY T
ERORTREBE FIZ 09 0 25 208 I AR W) R PR O 5T, R
&, 2021, 21(1). 276-282.

JIAL 'Y, ZHANG L, LI H'Y, et al. The screen-
ing and identification of Pichia kudriavzevii FJZ by
flavor—oriented technology and it’s biological charac-
teristics[J]. Journal of Chinese Institute of Food Sci-
ence and Technology, 2021, 21(1): 276-282.
e, ZEIR, STmIE, SF. FREIEEEREERE FIZ [
SR CR OB T AR B R S, 2021
(9): 131-135, 140.

HAN Y, LI H Y, JIJA L Y, et al. Optimization of
ethyl acetate production process of Pichia kudriavze-
vii FJZ by solid—state fermentation[]J]. Liquor—Making
Science & Technology, 2021(9). 131-135, 140.
WANG S, WU Q, NIE Y, et al. Construction of
synthetic microbiota for reproducible flavor compound
metabolism in Chinese light—aroma—type liquor pro-
duced by solid —state fermentation|[]].
Microbiol, 2019, 85(10): €03090-18.
CANTAREL B L, COUTINHO P M, RANCUREL
C, et al. The carbohydrate—active enzymes database
(CAZy):
Nucleic Acids Res, 2009, 37. D233-D238.
VINCENT L, HEMALATHA GOLACONDA R,
ELODIE D, et al. The carbohydrate—active enzymes
(CAZy) in 2013[J]. Nucleic Acids Re-
search, 2014, 42(1): D490-D495.

B 38T . Bl o B AR R HEE S R M AR T CAZy
KK B FED] AN AR MK, 2015,
TAO Y X. Expression and regulation of CAZy family

genes of Volvariella volvacea grown on the rice

Appl Environ

An expert resource for glycogenomics [J].

database

straw as well as during stipe elongation[D]. Fuzhou:



24 4 S5

BRE 2 Ak A 09 AR B 28] B B o AR AR

221

[12]

[13]

[14]

[16]

[17]

[18]

[20]

Fujian Agriculture and Forestry University, 2015.
LEFRINK N G H, HEUTS D P H M, FRAAIJE M
W, et al. The growing VAO flavoprotein family[J].
Arch Biochem Biophys, 2008, 474(2):. 292-301.
SO, R 157 PP OCREE AAT 0BG
PR % M AL RO SE (D). FEZE . a1 Rl R A
2019.

ZHANG Q. Biochemical characterization of two im-
portant AA1 family enzymes of Morchella importuna
SCYDJ1-A1[D]. Ya'an: Sichuan Agricultural Univer-
sity, 2019.

ANTHONY L, ELODIE D, VINCENT L,
Expansion of the enzymatic repertoire of the CAZy

et al.

database to integrate auxiliary redox enzymes [J].
Biotechnology for Biofuels, 2013, 6(41): 1-14.
s, Yo, dmB. SRR AN IR A
P AR, 2020, 10(1): 46-52.

TONG L G, LUO H Y, MENG K. Progress on
oligosaccharide oxidase [J].
2020, 10(1): 46-52.
BN, RS T SR TR Al 14 2 3 N O A
PE[D]. FiRT: m Rl R, 2007

CAO J. Recombination expression and enzymatic

Current  Biotechnology,

characterization of acetate xylan esterase in
Volvariella volvacea|D|. Nanjing: Nanjing Forestry
University, 2007.

. 2 T A 2R TR Al 1) G A 2 1k S AR R M AT Y
[D]. FEmt. FRARL KR, 2010.

CHEN Y. Fermentation optimization and catalytic
properties of acetyl xylan esterase[D]. Nanjing: Nan-
jing Forestry University, 2010.

AT I BT T T TE B R TR RS R R S O L Tl
FRHED D] JEB . VIHIRAE, 2021

WANG J Y. Heterologous expression of ferulic es-
terase in Pichia pastoris and analysis of its enzymat-

ic properties|D]. Wuxi: Jiangnan University, 2021.

WEA, KR, 2w, S T AR IR A A B
IR L P A R B AR ()] MR R, 2017,
44(1). 68-78

HUANG X Y, ZHANG L, LI Y, et al. Constitutive
expressionof feruloyl esterase from Aspergillus niger
in Pichia pastoris|]J]. Microbiology China, 2017, 44
(1): 68-78.

sRAS, IR, MRUIRE, F. bR R R IR Y
M8 KR FE R A A BT[] B AR T B, 2021,
42(19): 126-134.

[21]

[22]

(23]

[24]

[25]

[26]

(27]

(28]

ZHANG J, HOU J Q, DAI Z Y, et al. Identifica-
tion of a strain with carboxylesterase and its enzy-
matic character[J]. Science and Technology of Food
Industry, 2021, 42(19): 126-134.

LIU M Q, LIU G J, YAN X F. Co—expression of
Polygonum sibiricum glutathione transferase and cys-
teine synthase genes in Saccharomyces cerevisiae|]].
Journal of Integrative Plant Biology, 2008, 25(6):
687-694.

ZERAG. BEREORTR a-1,2 H @& R B Algll /95
RS | oAb MG PE4r #7 (D). B8 . TLF K%,
2018.

LI Q M. Expression, purification and activity assay
of yeast a—1,2 mannosyltransferase Algl1[D]. Wuxi:
Jiangnan University, 2018.

R, SEPM, M, SF. ZBEHTEE A B o xR
W L: QTR WA RS2 (] b E ARG, 2018,
37(5): 150-156.

ZHENG N, GUO Q H, HE Y H, et al. Effect of
acetyl -CoA content on ethyl acetate synthesis in
Saccharomyces cerevisiae [J]. China Brewing, 2018,
37(5): 150-156.

DENG A P, LI J P, YAO Z B, et al. SMRT se-
quencing of the full —length transcriptome of the
Coelomactra antiqguata[J]. Front Genet, 2021, 12.
741243.

FEW, WA, WA, S ORI LK e
TERE S LR AL 0 T[T RS2k, 2021,
41(1): 8-15.

LI X P, XUS Y, FAN Y X, et al. Genes func-
tional annotation and comparative genomic analysis
of Fusarium equiseti [J]. Journal of Microbiology,
2021, 41(1): 8-15.

JENSEN J, KA J, RYAN Z C, et al. An NADH:
Quinone oxidoreductase active during biodegradation
by the brown -rot basidiomycete Gloeophyllum ira-
beum|]J]. 2002, 68 (6):
2699-2703.

KANEHISA M, GOTO S. KEGG: Kyoto encyclope-
Nucleic Acids Res,

Appl Environ Microbiol,

dia of genes and genomes[J].
2000, 28(1): 27-30.
POWELL S, FORSLUND K, SZKLARCZYK D, et
al. eggNOG v4.0: Nested orthology inference across
3686 organisms[J]. Nucleic Acids Research, 2014,
42. D231-D239.



222 b

s
Eo
4

= 4 2024 455 5 W

Genome Sequencing Analysis and Gene Function Annotations of Functional Brewing Fungi

Ma Jingjing'?, Li Huiyuan®?, Gao Wenjing'?, Han Ying*?, Jia Liyan'*
('School of Food Science and Engineering, Shanxi Agricultural University, Taigu 030801, Shanxi
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Abstract In order to explore the metabolic mechanism of Pichia kudriavzevii FJZ in the brewing process of light—aroma
Baijiu, the genome of the strain FJZ was sequenced based on Illumina Novaseq and PacBio sequencing platform, and
the sequencing data was compared and analyzed in the carbohydrate active enzyme (CAZy) database, gene function an-
notation was also performed in GO, KOG and KEGG databases. In the CAZy analysis, it was shown that the strain FJZ
had the activity of vanillyl alcohol oxidase (VAO) that catalyzed the conversion of phenolic compounds into aromatic
compounds, carboxylesterase catalyzed the synthesis and decomposition of ethyl acetate and ethyl lactate, it had a-1,2-
mannose transferase to catalyze mannose to form a precursor to polyterpenoid oligosaccharides. In the GO database,
6 320 genes with molecular function was annotated, it included transferase activities related to ester synthesis, they had
the function of transferring alkyl or aryl groups, sugar groups, acyl groups, etc. In the KEGG’s seven functional
database, a total of 7 815 genes were annotated, of which 1 406 genes were metabolic—related genes, and 30 genes
were included terpenoids and polyketides. KOG annotated a total of 3 704 genes, coenzyme transport and metabolism 83
genes. This study provides a basis for the study of enzyme lines in the brewing process of light—aroma baijiu, as well as
the formation mechanism of liquor flavor substances and the structure of functional bacteria of liquor.

Keywords Pichia kudriavzevii; CAZy analysis; functional annotations; enzyme activity



