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o7 R 1 D RE R GO AL & Wi e ia FARa), O K(§%5%), £ COG Bdls Rt iy R R %2 5
MR EEAYIRE. GO W&, BENFRA B RZ W NAEY =20, Bokib G915 LR (carbohydrate-active
enzymes, CAZy)[HRH, KAFREG &7 s, KEGG &S, kb G WRIME E &S, EREEE D, FE%
Fdi i 2 o il e IR VE N 2EFAT I BA-DES4 2 11 S5 4 ht 21 24k 3 I ) KL IR, B- 20 W 07 i 0 P 170 i SR Ay
SR G G . G538 AW ST X 55 R A7 VE KD ZE AT T BA-DES4 1 5 K 20 504l A TAL 3 . VERERN AT, i —
SRR EARII IR ST, DA A M 5% iR AR = 4 4 R R pL, )5 2SI 4R e I ad

KBRIA: UER ZFIEATT, LPEERE; AR

Genomic analysis of high temperature resistant Bacillus amyloliticus
BA-DES4

WEN Dong-Zhuo', ZHANG Zhi**

(1. College of Cereals, Oils and Foodstuffs, Jilin Engineering Vocational College, Siping 136001, China,
2. College of Life Sciences, Northeast Forestry University, Harbin 150040, China)

ABSTRACT: Objective To process, annotate and analyze the genomic data of the high temperature resistant
Bacillus amyloliticus BA-DES4 by biological software and databases, and to functionally annotate the strain
characteristics at the gene level. Methods Metabolic signaling pathways were analyzed by metabolic signaling
pathways kyoto encyclopedia of genes and genomes (KEGG) and gene ontology (GO), clusters of orthologous groups

of proteins (COG), non-redundant protein (NR) database, efc., which were compared with the predicted gene
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sequences to obtain the gene function annotation table. The protein sequences of the predicted genes were compared
with COG, KEGG and GO databases for BLASTP analysis, to realize the prediction of gene annotation information and
function prediction. Results The database analysis showed that the number of bases was 4188731, and the GC content
accounted for 46.18%. There were 4445 protein genes, with a total length of 3696380 bp. Functional annotation of
genomic protein coding genes showed that the highest proportion of COG-annotated genes was for G (carbohydrate
transport and metabolism), followed by K (transcription), which indicated that protein genes encoded in the COG
database were mainly involved in the basic cellular function. The GO annotation revealed that the predominant gene
types and genes were classified under biological processes. The carbohydrate-active enzymes (CAZy) annotation
identified hydrolytic enzymes as the most prevalent category. The KEGG annotation showed that carbohydrate
metabolism accounted for the highest number of genes. In the environmental information category, information
transduction emerged as the most significant percentage. In the high-temperature resistant Bacillus amyloliticus
BA-DES4, 11 genes were found to encode cellulases, with S-glucosidase and endoglucanase being the genes encoding
enzymes. Conclusion In this study, the genomic data of Bacillus amyloliticus BA-DES4 is processed, annotated and
analysed in order to further explore the research potential of the strain, to better investigate the regulatory mechanism of
cellulose production in Bacillus amyloliticus BA-DES4 and to provide a theoretical basis for subsequent experiments.
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HEYE B2 S, i B EE AR A AR
(kyoto encyclopedia of genes and genomes, KEGG)X & 1%
W oKL A PR R SRR A b H A N D) R

WS 2T 4E R Wl R G e R0, ML AER M A B X E
FOPE TR, AEL IR OR T A Wy v 7 A 1) oA U0 SR Bl T PG L R
FEPEZE, MELIWE A Tl AR P iR . AT LG R R R T AR
R, A4 U SR Y 5 R 4 A B = 300 1 e B b,
PN R R A= 7= N ) SR G, 0 5 4 e g i U012

K, AIT5E B Y B K g B A 1 1 4544 S5 T ee, ol
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f#VEN ZEHIATF T BA-DES4, 1 ZR bkl K2 & 5
B O, F4ER IS SR 61.5 U/mL.
1.2 KF5&&
12.1 & A

O BERRE . 2R N, deat IR Y
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12 B 24 iR AR I 2 4l

%16 &

FREN . FEME. BERR BN, Sk . SALBE( el (R HE
R S35 A BR 22 7 ); Rapid Bacterial Genomic DNA
Isolation Kit 35 &[4k TA= 9 TR i) Aa BR A Fl o
122 NMBEL5#%&E

JA2003 A K& 0.1 mg, Fifg ROEALZYZ
AR, BS 124 S EFRF-(E 0.01 g, ThBHIEMH
FALER)); DHG-9240 HL I X T 1A (- i —fa R 22 AL
A PRA ), SI-3 F pH (il 2 RHMUAS R & A R A FD);
TGL-16G & & DAL (LR F5 AR & A R A F)D;
DK-98-11 A i $E 5 /K V8 8 (R e T 8 R (A A7 BR A
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KQ-300 DE ${dz 8 A i i vk i (B 1L i i 7 (A A PR A
A]); UV-5500 PC AR A] DL A S50 (i oo hr e A
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1.3 LW FEE
1.3.1 K B = B 32 R AR Ao

SrRIFREE AN 3 g BELEKY 0.5 g, BilREL 2.0 g, B
TR A 4 g, EAbHN 0.3 g, BLEREE 0.3 g, CMC-Na 20 g,
JAZERE7K 1000 mL, 121 °CK 1 20 min''> 4,
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tRNAscan-SE v1.3.1 Filll tRNA; 4R/ fdi Fl RNAmmer v1.2
HEAT rRNA Fi 2022

(5)F R 241 1Y 28 A i 5 R D R v

1 G B 3 TR 1 T RE T R B FE T R A S
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(6)4 BE[F 4 Kt b B 437
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FEFFI xS, FRASIEH D RE R . B A5 2 2L R 1Y
EHFY5 COG.KEGG 1 GO %tdi ZE 1T BLASTP H.xt
S, DT S B DR B B T e T R T 25271
1.4 HIREAIE

LB BRI EATINE 3 Wk, DLEIIEHT R
N, BRI R Excel 365 #A4, YEEIR M Origin
8.5 W, WEVEAHT R SPSS 19.0 #1458 i,

2 HR55H

2.1 EFEBESHRINEEER
2.1.1 AEEE AR

SKH circos I 3EH 1R 5], itk BA-DES4 R4
H— &R Y R4 R, WK 1 FiR, BERNKER
3696380 bp, 831.58 bp AILHE W TFIYK S, ikl KK
K BE4r 50k 45 bp M1 7158 bp; HERMRIE R 418 2 E
K1 RTR, BREEE K 4188731, Sifith 8 11 (0 Bk K % 4445
%, WIEARERE RN 88.25%, 77 4 tRNA KLH
10 4~ rRNA, GC & 5 46.18%. HIE 2 W[4, Wik
BA-DES4 3L R 8 K Z51E 200~1200 bp Z[H], Hr
39 FEH K BE AT 3000 bp, i EETE 1600~3000 bp 22 ]
B D

1516171819
5 W

W AN NALE 6 [, S O S A AR g L, LkAY 19 4
scaffold J741; 45 I Ry 3 434, 205 I B50HE R o4 101 A AE 2
AN, @ 1TR/INA 2 kb; 58 =B SEN 4 GC /i, £R%EN
@I NFSIE GC ik, 7 11K/ 2 kb 28 PU Rk (RNA JE K (194>
ATEL; SR RNA BT B0; 5857 el A [a] 5 DR 1) 2 Afi
T, koM P R B A R IR P81 .
B SERgLE R

Fig.1 Genome circle mapping
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Fig.3 Annotated classification chart of COG functions
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Fig.4 Annotated classification chart of GO functions
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AA PL
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Fig.5 Carbohydrate-active enzyme gene annotation
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22.1 COG &P aysf e Zii R
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Fig.7 Venn diagram of gene

#1 COG FRHPAYRIGER
Tablel COG annotation of the cellulase gene

F [ 25 i COG %4ty  COG &k HIR&AFR
PROKKA 02186 COG1363 X
= 212 2 il AN
PROKKA 02914 COG1363 WLEN
PROKKA 04172 COG1363 ki B
PROKKA 01487 C0G2730 . W38 4
= BEIEES '
PROKKA 03102 CO0G2730 -
PROKKA 03292 COG4305 "

Fz2 GO IRIhAHRIEER

Table 2 GO annotation of the cellulase gene

TR i GO Fifith GO £ TR
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PROKKA 01487 » SF e 2
_PROKKA 01488 GO0:0008810 éﬁﬁ’% B-1,4-WETFHE
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e EFEREALE YIS
PROKKA_00936 GO:0015926 iﬁf AR A A
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%3 KEGG IR A4 REEER
Table 3 KEGG annotation of the cellulase gene
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