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Abstract: Aspergillus oryzae ZA189 was obtained via traditional mutagenesis using 4. oryzae Huniang 3042 as the starting strain, and
possessed high activities of neutral protease, amylase and glutaminase. To further investigate the genetic background of 4. oryzae ZA189 and
evaluate its performance as the strain for soy sauce brewing, the sequencing, assembly and functional annotation of the genome of 4. oryzae
ZA189 was achieved using the new generation nanopore sequencing technology in this study. The length of the obtained genome was 36.89 Mb,
having 16 Scaffolds and sequencing depth of 132.05%. Gene annotation showed that the 4. oryzae ZA189 genome contained 263 tRNA genes
and 72 rRNA genes, which was the genetic basis for high-efficiency A. oryzae protein expression. KOG and KEGG annotations illustrated that
A. oryzae ZA189 possessed strong capabilities of energy synthesis, protein synthesis and secondary metabolite synthesis, which formed the
genetic foundation for its wide application in the fermentation industry and the production of multiple flavor functional substances. Annotation
of carbohydrate-active enzymes (CAZys) and proteases showed that 4. oryzae ZA189 genome contained as many as 330 glycoside hydrolase
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(GH) genes and 30 protease genes, which is the key performance indicator of 4. oryzae ZA189 as a soy sauce brewing strain in degrading

soybean proteins and carbohydrates. Through this research, a more in-depth understanding of the genome of the soy sauce brewing strain, A.

oryzae ZA189. Functional annotation of protein expression system genes, secondary metabolism genes, and CAZys and proteases provides a

theoretical support for guiding its application in soy sauce brewing.
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Table 3 Fermentation feature analysis of ZA189
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JRBIEAT
AR L AR RABMAR/(100mL) A R/(g/100 mL) 2 RAAFEY% I B2 /(g/100 mL) 2B/ (g/kg)
As3.951 1.09+0.12 1.71+0.32 84.04+7.21 8.62+2.14 11.13+1.03
ZA189 1.16+0.09 1.94+0.29 91.97+£2.27 11.05+2.10 13.69+1.49
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Fig.2 KOG functional annotation of genes in A. oryzae ZA189 genome
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Fig.5 Annotated genes of 4. oryzaeZA189 enriched in ribosome
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3 4 KphE ZA189 HFEEFHE RS

Table 4 The proteases annotated in the genome of A. oryzae ZA189

K E ZA189 £ H

s

EVMO0008810.1
EVMO0001047.1
EVMO0006563.1
EVMO0005139.1
EVMO0005811.1
EVMO0003410.1
EVMO0012091.1
EVMO0011875.1
EVMO0007102.1
EVMO0010937.1
EVMO0006663.1
EVMO0006944.1
EVMO0004260.1
EVMO0004981.1
EVM0002600.1
EVMO0000761.1
EVMO0010518.1
EVMO0010058.1
EVMO0008970.1
EVMO0000267.1
EVMO0008297.1
EVMO0010379.2
EVMO0004697.1
EVMO0004205.1
EVMO0002638.1
EVMO0003663.1
EVMO0006011.1
EVMO0000010.1
EVMO0007930.1
EVM0004940.1

proteinase [Aspergillus oryzae RIB40]
vacuolar protease A [Aspergillus oryzae RIB40]
peptidase [Aspergillus oryzae RIB40]
aspartic-type endopeptidase ctsD [Aspergillus oryzae RIB40]
dipeptidyl peptidase 4 [Aspergillus oryzae RIB40]
alkaline serine protease AorO, putative [Aspergillus oryzae 3.042]
aspergillopepsin A-like aspartic endopeptidase [4Aspergillus oryzae RIB40]
tripeptidyl-peptidase sed2 [Aspergillus oryzae RIB40]
leucine aminopeptidase 1 [Aspergillus oryzae RIB40]
aspartic-type endopeptidase [Aspergillus oryzae RIB40]
elastinolytic metalloproteinase Mep [Aspergillus flavus NRRL3357]
carboxypeptidase S1 [4spergillus oryzae RIB40]
neutral protease 2 precursor [Aspergillus oryzae RIB40]
carboxypeptidase S1 [Aspergillus oryzae RIB40]
aspartic-type endopeptidase opsB [Aspergillus oryzae RIB40]
metalloproteinase [Aspergillus oryzae RIB40]

X-Pro dipeptidyl-peptidase (S15 family) protein [Aspergillus oryzae RIB40]
extracellular elastinolytic metalloproteinase, putative [Aspergillus oryzae 3.042]
metalloproteinase [Aspergillus oryzae RIB40]
alkaline D-peptidase, putative [Aspergillus flavus NRRL3357]
subtilisin-like serine protease pepC [Aspergillus oryzae RIB40]
peptidase S41 family protein [Aspergillus oryzae RIB40]
neutral protease 11 [Aspergillus oryzae)
serine-type carboxypeptidase F [Aspergillus oryzae RIB40]
aspartic-type endopeptidase, putative [Aspergillus oryzae 3.042]
serine peptidase, putative [Aspergillus flavus NRRL3357]
aspartyl protease, putative [Aspergillus oryzae 3.042]
carboxypeptidase CpyA/Prcl, putative [Aspergillus flavus NRRL3357]
carboxypeptidase C [Aspergillus oryzae 3.042]
carboxypeptidase S1 [Aspergillus oryzae RIB40]

XK ZA189 FERHVEREIIEL N #ET KEGG
wAT (B3, UR@EE 7 KEIREIEN: W
)& AR (Protein processing in endoplasmic
reticulum). BY$Z4A (spliceosome). RNA ¥z (RNA
transport) « %14 (Ribosome ) LRI (Oxidative
phosphorylation) . Z8 544 & /8 (Biosynthesis of
amino acids). FfU# (Carbon metabolism). WEFSAY
#f (Purine metabolism). [ 4. &5 Bl | (LR
o ZpEAR EREER E L. X5 KOG IfEE
SITRISE RS — U, UK SRR EE
AR A (5AEKAMS T RGEE .
IERTIGT K M A RS B R vk RIBAO A% s i L ) 25

KRR, SReEQ. O EREF S A [
TR RIS B RS 2P, i Bk
RS E S REEA . E A A RIS thik
BUFE T SEPRB R BN A -

24 ki EF ZAIBY YRR A LB A vE 1 e

Tk Kt & Wi 1 ( Carbohydrate-Active
enZYmes, CAZy), FEMEEHEFREEM. &1 &%
A GRS IR . Bk EYE SR E,
A 5 R PEEIKERE (Glycoside Hydrolases,
GHs). HEILFEFLNS (Glycosyl Transferases, GTs). %
PEZLAANE (Polysaccharide Lyases, PLs). Tx/Kib &4
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s (Carbohydrate Esterases, CEs). #ifi Bl 4 i (AL Szl N 3 o NS R 4 = 120 e =T AN

(Auxiliary Activities, AAs). IAh, 1ZEHRFELAE
LKA E W45 G MK KB (Carbohydrate-Binding
Modules, CBMs). H#K %5 ZA189 J [AIZH Fitil £ K]
MEE 75, R hmmer JEFHOK AL A IFHSCHE
HARIE (CAZy) #ATHOKAEYIRG IR D Re
B (B 6), gk ZA189 ERAHLEZ
ik 330 AMFELEKAAREE (GH) 2K, |5 CAZy B S8
42.69%, XK R AR A AR R AL T A
R, X5 ZA189 7 H T B B s ve 4 i s 1Y)
RS UIARSE . B, Gomi K MK i % 1
YUK AR K ARG GH3, 50 HBHT 1 B R
WA, Tang, C.D.Z5E IR FE 2 WK 25 AOBLF K
iRt T LAFH T BE A B A A A B b s ),

A Cabirue Biig S
e rgeesie ol

= GT: Glycosyl Transferases
=PL: Polysaccharide Lyases

|

GH 4269>\

6 KHhE ZA189 BEBMBIK L EYNENEE (CAZys)
Fig.6 Carbohydrate-Active enZYmes (CAZys) annotated in A4.
oryzaeZA189 genome
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I FH SignalP 4.0 3 AT H155 ZA 189 FEPH 4
BRI, L3R5 1224 D EAESIREIIER, FIH
tmhmm v2.0 BTN EEE, EXIMIE ZA189 K
PRIZH LR 31 2668 MR ER F EE . WA E 5K
1224 ANJER R e 5 RO BS IR AR 11 IR, AR P2 A
FERBIA AR ASEA, 3L 888 A~ RYE Nr JE[A 1)
REVEREIISE L, i T 40 Wb EE R 1) 30 AN EE T BgRE R

(R4, W2 P HEEANE. 2 MIEEAR, ©
AR FRIKEE. NIKEESE . 25 DAEPEF ORI
BFE 2 N EEAM. 4 MLEAREAR. 5 MR
R AR BRI RS, 7R R 3.042 FCR A N+25 -1
N7 B H AR 100-8 H, 0478 25 Fivik (il
R, R, ATE B ZA189 WMk EA R il
A, B K il 3k K & ABErE 1, X
J2 FH LA & (0 Bt R B TR DR TR R, R
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AHIEFER] B — ARG KL F B AR 58 1 1 K
B ZA189 FERIAH I . A AThBEERE . SIS
[RIZH 4K 36.89 Mb, 1175 16 4% Scaffold, WIFIRE A
F| 132.05%, FTfFHERALE e B AN & FIAZPK
BRI R bR RIBAO PRI 5 Bk o JE RV ERR A,
Kitha ZA189 FELAZH A0 7 3 & 1Y (RNA I rRNA & [H],
XK =k B BIs A 2Rl . KOG M KEGG
TERER KM ZA189 BAA SR KM REE AR B E
B S ARBARE =W & e 71, IX R HAE R Tk
T2 L= AR 2 PR D) R R 1 B R AL . B AL
HVNETERE CAZy JFRFIER AIBRERER I, KihE
ZA189 FERHF L E 2k 330 AMHEH /KRR (GHD
A1 30 MR B, XK TR ZA189 FE AR
G EE CBRS TR RS A E LS 1 T
Ffitho I A TN e ERE oK th & ZA189 [tk
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