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traditional “Red fungus tofu” in Wuping. [Objective] The genomic information of Neurospora crassa
LYO03 strain was studied to reveal the fermentation characteristics of traditional “Red fungus tofu” in
Wuping. [Methods] Morphological observation, ITS identification, resequencing and frame diagram
sequencing were used to identify the isolated LYO3 strains and analyzed the genome information.
[Results] The main fermentation strain LY03 isolated from traditional “Red fungus tofu” in Wuping was
identified as Neurospora crassa, and preserved in the China General Microbiological Culture Collection
Center with preservation number CGMCC 3.1923. The total number of reads in LY03 strain compared to
the reference genome was 95.85%, and the site of sequencing corresponding depth accounted for 76.13%
of the whole genome. There was no variation in the intronic region of each variant type, and the main
variation existed in the exon region of the genome, and the specific number of variation was as follows:
The total number of SNP site variants was 203 128, InDel mutations was 26 859, copies increased and
decreased by CNV was 1 039, variation in SV comments was 777. The genome sequence length of LY03
strain was 30 538 737 bp, (G+C)mol% was 52.24%, encoding 5 550 genes, accounting for 24.3% of the
coding genes, which was involved in the metabolic pathway transformation of amino acid metabolism,
carbohydrate metabolism, energy production and conversion and other substances. [Conclusion] The
identification and genome information analysis of the main fermentation strains of traditional “Red fungus
tofu” in Wuping are helpful to reveal the fermentation characteristics of the products and the essence of the
genetic information of the fermentation strains, and to provide a theoretical basis for the improvement of
the fermentation performance and the popularization of the products in the future.

Keywords: Red fungus tofu, Neurospora crassa, Isolation and identification, Genome, Sequencing and
analysis
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Figure 1 Characteristics of LY03 strain colony on plate
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Figure 2 “Red fungus tofu” from different sources

IE: A: LYO3 Wtk kM B: k.

Note: A: Fermentation products of LYO03 strain; B: Products
purchased in the market.

2.2 LYO03 HEHKET ITS MFHN X RS

I3 B3 LYO3 TERK A PCR HLJK BRI A Y
S1anE 3.4 itz , LY 03 BBk PCR 774 K/)N 600 bp
fitr, S EEARRT . BT LY 03 bk ITS
W R 81 & 5% NCBI BE {7 BLAST Xt
Neighbor-Joining LM LY03 kM RSk
B, SERANEL S Brzs, B B E0 LY 03 kS ik
L T8 J& (Neurospora) JLA™ B BE 1R 5% 2 K R il
FRRIERI IR 98%LL |, Z5G LYO3 B bk AIE &%
ik LA K ITS Fp 9 o Al 2R, R 48 7 SRR ik 16
W (Neurospora crassa), MFRZLGHEE, 5K
2R R i A2 (] A e AR ) T R ORECAE 3 PO
(China General Microbiological Culture Collection
Center , CGMCC) it 17 & F| & 5K , &9 = K
CGMCC 3.19233,

>LY03 18S rRNA gene

3 LYO03 E#AY ITS F% PCR Hk[E

Figure 3 PCR electrographic diagram of ITS sequence
from LY03 strain

Note: M: DL2000 DNA Marker.

2.3 LYO3 EHRENFERS
231 55EREARILITE

LY03 &tk 18S rRNA KEKFESE ODago/ODago
9 2.03, RN B g, EEEEER, B
T ARAS S eI e Rt BT s i 45 R < IR T L
M€+ 937 972 800 bp, A XCE 100%, (G+C)mol%
H51.62%; f#iFH BWA B2 /74345 043 3 1 2
FExt IS H I F A, RIS % ZEH FAE
Read B H Jy 95.85% . W3 X i IR B (A6 5 oy 4 35
R 76.13%. K 6 S LYO3 Bk IR 7
Al K BERU L BN T I Bt v 22 LR 4]
(7 T T

TCCTCCGCTTATTGATATGCTTAAGTTCAGCGGGTATTCCTACCTGATCCGAGGTCAACCTTAG
AAATGGGGGGTTTTACGGCAAGAACCCGCCGCACGACCATAGCGATGTAGAGTTACTACGCTC
GGTGTGACTAGCGAGCCCGCCACTGATTTTGAGGGACCGCGGACAGCCGCGGATCCCCAACG
CAAGCAGAGCTTGATGGTTGAAATGACGCTCGAACAGGCATGCTCGCCAGAATACTGGCGAG
CGCAATGTGCGTTCAAAGATTCGATGATTCACTGAATTCTGCAATTCACATTACTTATCGCATTT
CGCTGCGTTCTTCATCGATGCCAGAACCAAGAGATCCGTTGTTGAAAGTTTTGACTTATTTAAA
AGTTTACTCAGAGAGACATAAAATATCAAGAGTTTAGTTTCGGCACTCCGGCGGGCAGCCTCC
CGCGAGCGGGAGACCCGAGGATCCGGGAGGGCCCGAGGGCCTTTCCGGACCGCCAGCGCCG
AGGCAACCGTACGGGTAAGATTCGCGATGGTTTGTGGGAGTTTTGCAACTCTGTAATGATCCC
TCCGCTGGTTCACCAACGGAGACCTTGTTACGACTTTTACTTCC

4 LYO03 E#kEY ITS U FF5
Figure 4 ITS sequencing sequence of LY03 strain
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95% 100%

100% LY03 (SRR9686319)

100% Neurospora sp. P24E1 (JN2073303.1)

100% Neurospora crassa isolate CCMGE12 (MH790416.1)

100% Neurospora sp. isolate A491P12T2-5 (KT264374.1)

100% Neurospora sp. HF9 (GU183173.1)

100% Neurospora intermedia strain APBSDSF110 (MG669242.1)

100% Neurospora intermedia strain CBS 131.92 (AY681192.1)
Neurospora crassa strain ICMP 6360 (AY681193.1)

98% 100%

Neurospora sp. ML70 (FJ176470.1)

Gelasinospora retispora strain CBS 275.50 (MH856623.1)

0,
99% Neurospora calospora strain CBS 265.51 (MH856849.1)

100%

Neurospora crassa strain v32 (MH675494.1)
5 LY03 E#R[EIRE LR
Figure 5 Homologous evolutionary tree of LY03 strain

4k 4100 F1 LY EHRERAT R LR ST
Table 1 Comparative analysis of genome variation of
______________________ +80 LYO03 strain
g3 S R 5 /NI
g 160 2 Variation type Number of Sum
2.1 — Sequencing depth ] variants
5 2 - - Cumulative sequencing depth kS e
E 10 £ SNP 115
9 3 SNP annotation
=1r Lo £ AL A I 0.071
Genome-wide heterozygous ratio (%)
ok , o SNP {482 203 128
0 100 200+ Total number of SNP loci
Sequencing depth InDel {i % InDel annotation
S T T e . i A AR B 14 460 26 859
6 LYO03 BHIMFRER Rt HHE MATEERA
. . L. . . Sum of insertion mutations
Figure 6 Sequencing depth distribution and cumulative e S A AT 12399
sequencing depth chart of LY03 strain T lj:lxu )
otal deletion mutation
CNV 7 CNV annotation
232 HEEBTROH — s 03
s . . )\ el S=N
LYO3 ik SNP, InDel, SV, CNV {475 5 S
Number of copies increased.
R TEE R 1, B 7 s, SEASEE 15 TUSOR A (R85 1024
A, LYOS EHaAeHEARESILE N NHmber of copies‘reduced
(7 A B S 203 128 /(A SV & SV annotation
0.071% . SNP i ;A8 57 5 E0C
0 VAR I N P BHR A 0 777
e ~ N
FEHAH 0.665 1%). InDel 45 BFIR 26 859 4~(ih The insertion of large fragments
0.088 0%) . CNV 34 i s/ (155 D1 ECA 1039 4> K Deletion 470
o RN % i 29
(7 0.003 4%). SV VRIS ENY 777 Ax(dy B Invension
\ . S Pl AL RS 17
0.002 5%); WAL, TEGEiTHE & BT 128 S35 m o .
Chromosome internal migration
h, RS ERAFLES BT X df(exonic), T FIX Yo P O TE RS 261

(intronic) 22 5+ FI ST N 05 A R M Bk 2

Interchromosome migration
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Figure 7 Circos distribution figure of genome structure variation of LY03 strain

e HANEINARIK R Geffk, SNP. InDel, CNV ¥ ULEU8 %, CNV # I E0dE/ 05, SV RABAfA . SV L, SV FIHE

SV QIR ATRIER . SV Y@ IRRIAITFS.

Note: The order from outside to inside was chromosome, the increase of SNP, InDel, CNV copy number, the decrease of CNV copy
number, the insertion of SV large fragment, SV deletion, SV inversion, SV chromosome internal migration and SV chromosome

migration.

M (hypothetical protein), 232 4% iz A& (amino acid
transporter) . 245415 1% i (amino acid permease) .
75 A R 2 e ¥5 F5 i (aromatic amino acid
Aminotransferase). 2R N-H FE44 %2 i (arginine
N-methyltransferase) . & [ ¥ [ ¥ 7 77 (protein
kinase activator). % [1ff 2 FR N-H LB 1
(protein arginine N-methyltransferase 1), MAC 1 #
HAEAEH 1 (MACI interacting protein 1), & iR
/K4l (fumarate hydratase) . 224k /71 & R 5 4
fiff(serine/threonine protein kinase)% 5 EHk4 K |

AEBRWHTAEXHER, 24 T

NW _011929461.1, NC_026501.1, NC_026502.1 %
10 250759 1, BTERASFL N bR & B S £F 4k R
(cellulose) R HFEA
24 LYO03 EHRERENFEEAGE DS
241 EHFIIMNENEREE

LY03 Bkt — A A5 e ot e A BE LR 47
A, I SEREECH 974 Mb., £ F AP
73] 3 021 4> Scaffold, H:H 2 961 A~KF 500 bp,
(G+C)mol% N 52.24%, JFFIKJE R 30 538 737 bp.
T % B AR gD 5 550 IR, LR BKE N
7420212 bp, S EEDN 7 AL A 4 R 24.3%.
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(metabolic process) 2 137 >, 4k P (catalytic
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KEGG HRBEM, LYO3 WtkFEHELI LA
3 518 ALK IR RS, B R 2 1Y LA 2%
FeHorm e i (translation) 292 4, KAILA
Y11 (carbohydrate metabolism) 246 1>, #%5iz 5
A (transport and catabolism) 220 >, Hip 44
FE2 AL (amino acid metabolism) i BE £ i) JE [H
BoEwiez, ik 200 ~(E 9). #0KRLT
R, e AR (metabolism)” X — K JEHr, £ Fp
R BE BRI Z BB, R LYO03 #itk
R DIRERI R £, G625 2R A is 12
ik,

(biological process) ,

W Transporter Activity Molecular function

Structural Molegule Activity
Protein Binding Transcription Factor Activity
 Hucleic Acidbinding Transcription Factor Activity
Molecular Transducer Activity
. Metallochaperone Activity
Enzyme Regulator Activity
Channel Regulator Activity
Catalytic Activity
Binding
Antioxidant Activity
Virion Part
Virion
Synapse Part
Synapse
Organelle Part
Organelle
|| Membrane-enclosed Lumen
Macromolecular Complex
Extracellular Region Part
Extracellular Region
Cell Part
Cell
'Viral Reproduction
Signaling
Response To Stimulus
Reproductive Process
Reproduction
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Positive Regulation Of Biological Process
Ne%ative Regulation Of Biological Process
Multicellular Organismal Process
39 I Multi-organism Process

13952

Cellular component

Biological process

Number of genes

Metabolic Process
Locomotion

Localization

Immune System Process
Growth

Establishment Of Localization
Developmental Process

Dea

Cellular Process

Cellular Component Organization Or Biogenesis
Cell Killin

Biological Regulationo

Biological Adhesion

0

Class of gene

B8 LYO03 E#HA GO iR
Figure 8 GO annotation of LY03 strain
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Cellular processes
Transport and catabolism
Cellular community - prokaryotes
Cellular community - eukaryotes 15
Cell motility o1
Cell growth and death
Environmental information processing
Signal transduction
Membrane transport 7
Genetic information processing
Translation
Transcription
Replication and repair
Folding, sorting and depredation
Human diseases
Substance dependence 27
Neurodegenerative diseases
Infectious diseases
Immune diseases o 25
Endocrine and metabolic diseases

Drug resistance 34

Cardiovascular diseases 22
Cancers

Metabolism
Xenobiotics biodegradation and metabolism
Nucleotide metabolism
Metabolism of terpenoids and polyketides 28
Metabolism of other amino acids
Metabolism of cofactors and vitamins
Lipid metabolism
Glycan biosynthesis and metabolism
Energy metabolism

Carbohydrate metabolism 36

Biosynthesis of other secondary metabolites
Amino acid metabolism

Organismal systems 11
Sensory system
Nervous system 33
Immune system 21
Excretory system
Environmental adaptation 31
Endocrine system 14 29

Digestive system 41

Development 1

220

138

208

292
70 135
210

99
210
66

106

96

66

109
124

144
246

200

84
76

90

Circulatory system 0 50

Aging

&9 LY03 Etk#Y KEGG 241t
Figure 9 KEGG analysis and statistics of LY03 strain

KOG #2020 PNEENFEITER (A 10),
Bt 2 19 JLAS 25073 912 B (translation) | 26k
Ik 55 ¥ 5 4 ¥ & 4 (ribosomal structure and
biogenesis) 209 4>, #1% )5 & (posttranslational
modification) . # [1/5 %% (protein turnover), 5[]
fF18 (chaperones) 209 4~ — ) HE i (general
function prediction only) 189 /~; It4F, itk FLEE
i )74 5#E 4k (energy production and conversion)fl
H, FE R % iz A1 AL ) (amino acid transport and
metabolism){ B 2| 1YL R BB L, 50 154 4~
1143 4>, £B] LY03 Wk P2 5% 28 SOid FE Y
ESiSEIE e

3 W54
FLHE K 78 77 78 S B ok HAT T 2 59
w2, o Y L H R IS R 5T 1

100 150 200 250 300
Number of gene

by 1 RN O g i v o 2 AN S R A )
53 T 32 0 e T A A RELRE K 96 78T (Newrospora
crassa) LY03, %W FEFAEMFLERLENH, 55
ZILA AL, LYO03 BRI R L3RR T 0N,
FEB T Gt JE N 2540 B AAFE 22 57, S Al rp
T EE W YE R B (cellulase) 3 K (£ P 7E
NC_026502.1 JF4H), Bk 1 RS kA o 122
T R A LF A R B A = R . LY 03 P AR I R 41
GAR 7 H R BT — 6 5 TR R AR A R R A
PR A OCIE R (A8 5 (HAR R L 5 A 4 4k R il
(cellulase)FH S HE A A2 55, PRITHEM LY 03 ik A
LYk o R ae 1R TRl L8R P A A DG SE IR i AR
S AT REAT R T 1 i HO 21 T S8 Y 2R AR

W R, EEAE IR FE oKL&Y
(TR 2%, 5 50%—64%) I (L
18%—26%)!" 17, [RI i1 21 5 I8 I 2o A R i o 5
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El 10 LY03 E#kAI KOG RES K
Figure 10 KOG function classification of LY03 strain

PO S . B BB UIAEOC . A
i, LYO03 Wk GO. KEGG. KOG %ifi%
SR E AR RE R R W], HIE R A F 8 G i
5 550 M, 509000 . EThRERIE
Z, 52 ha b R, H
Hr, GO Bl EERS] LY03 FkkEEH 2 137 4
FLHNZ 5 TS F2E (metabolic process), 1 BEkk
SR 11.74%, 78 A 2 R 2 AU vl
%207, RUILYO3 WA h KERESST
CLTH SLIE R R AR R s KEGG KOG 8
PR, LYO3 WA LS EAZS 51
A R A, Bk KA A P AL ] (carbohydrate
metabolism) (7 {F FRIE R BB 6.99%) . S IEFRAT
i (amino acid metabolism) (/5 5.69%). fgE /=45
4k (energy production and conversion) (/5 7.62%)
1 & F R F5 iz A1 4% 18 (amino acid transport and
metabolism) (17 7.08%) 5 #EH K AT L E , FIR T UE
T LYO03 BtRIEH A gmtth iy 2 8 8 1 S 40
G R EE R UIMOC  FELL A B R R S

A: RNA processing and modification (113)

B: Chromatin structure and dynamics (35)

C: Energy production and conversion (154)

D: Cell cycle control, cell division, chromosome partitioning (60)
E: Amino acid transport and metabolism (143)

F: Nucleotide transport and metabolism (46)

G: Carbohydrate transport and metabolism (88)

H: Coenzyme transport and metabolism (51)

I: Lipid transport and metabolism (83)

J: Translation ribosomal structure and biogenesis (209)

K: Transcription (84)

L: Replication, recombination and repair (63)

M: Cell wall/membrane/envelope biogenesis (18)

N: Cell motility (1)

O: Posttranslational modification, protein turnover, chaperones (209)
P: Inorganic ion transport and metabolism (61)

Q: Secondary metabolites biosynthesis, transport and catabolism (30)
R: General function prediction only (189)

S: Function unknown (84)

T: Signal transduction mechanisms (119)

U: Intracellular trafficking, secretion, and vesicular transport (118)
V: Defense mechanisms (4)

W: Extracellular structures (1)

Y: Nuclear structure (6)

Z: Cytoskeleton (51)

5T ARRER BROKAL S YIRS SE IR A o PR
LYO03 BA#kHE K 205 41 (9 43 B R LS Bk 76 T 2
LU SR R I AR R B B
AR 2 PR E R 3 T 20 Al
90 AEAUFH, HA TR SRR AR Y A SR Y
BAFIRIF 91, 05 3k 28 77 4 B e . ShRE A B e it
SO e R hRENY L BARE, ek
YR T TR A L st . AR, 51
WS MR Z A . iR HET, VF 2 et
4, U Escherichia coli™ . Lactobacillus™" .
Bacillus subtilis™" Saccharomyces sereviciae ™%
BRI AR C B EOETE R IR E A E A
SR F AT T RS R BFFHRE A P RE R A 2 AN
ACAT DABI 5 50 A= 00 T A 1) 5 DT 45 ) 0 6 1R ) R e
PR, AT IR A A 2 RE B D AR AR | & TR
Kz E A EAER . BEARDLEISE. BT, BE—
AR e DU B AR Y TR T, R DR I L 28
Ry A BE R TS AS T B ) B T e
Py B TR 20 ) o PS4SR A TR S T RS PR 3T
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HEA BT 5, L LVBAR AR K A S FE R AL
DR A YRR D BHE RHE , B R TN A )
BRRR Y S SEh BERTFE 4R AEHE RERE Y R, A
WO EOAL G LU R 28 F 2R AR LY 03 i
TP S E LR T, s BT LR A A 57
Uifg, AR TR S RBEAT, NS T
KV b R BRI A OCHE | AR R A R R L S
b, ARSI SIS Tl b A re iR A2
1&*}%[25-26]0
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