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Abstract: It has been found that Bacillus velezensis can assimilate inorganic nitrogen efficiently. However, the underlying

mechanism of inorganic nitrogen assimilation remains enigmatic. In order to elucidate the mechanism, we sequenced the com-

plete genome of LG37 by PacBio RS II and Illumina HiSeq 2000, and then annotated and analyzed the sequence by the database

of NR, KEGG, eggNOG, GO and CARD. Finally, we screened the genes related to inorganic nitrogen metabolism by local Blast+.

The results show that: 1) The genome contained one circular chromosomal with a size of 3 929 697 bp and a GC-content of

46.5%. Gene prediction and annotation was performed to acquire a total of 3 854 protein-coding genes, 86 tRNA genes and 27

rRNA genes. 2) A total of 94 inorganic nitrogen metabolism candidate genes were screened by local Blast+. These genes were in-

volved into coding sensing protein, transcriptional regulator, transporter, oxidoreductase and assimilator, etc.. In conclusion, the

whole genome sequencing and data analysis of LG37 provide data at gene level and theoretical basis for functional study and ap-

plication of Bacillus in reducing inorganic nitrogen in aquaculture water.

Keywords: Bacillus velezensis; Whole genome sequence; Inorganic nitrogen; Metabolic pathway
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FIH LB [EASE S5 5% LG37 # 17 TG AL 5%



533

XN 2L VUSRI ZF AT I LG37 AL P AL R 3 A B ITHIL U AR S A e Jk PR s 12 59
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Table 1 Genome features of B. velezensis LG37 strain
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Fig. 1 Circular genome map of B. velezensis LG37 strain
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Fig.2 Neighbor-joining tree of B. velezensis LG37 based on 16S rDNA sequences
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Table 2 Related genes of nitrogen metabolism pathways of LG37

i KEGG #Hiik HEA
Pathway ID KEGG description Gene
ko00910 A Nitrogen metabolism 0rf00490, 0100539, 0700544, 0rf00545, 0rf00546, orf00547, 0rf00817,
0rf01213, 0rf01254, orf01968, 0rf02226, 0rf02227, orf02368, orf03807,
0rf03808, 0rf03809, 0rf03810, 0rf03811
MO00531 [RIfLABERER L S Assimilatory nitrate reduction 0rf00539, 0rf03807, 0rf03809
MO00530 SALAEERER A Dissimilatory nitrate reduction 0rf00544, 0rf00545, 0rf00547, 0rf03808, 0rf03809, 0rf03810, 0rf03811
M00529 S fif§fk Denitrification 0rf00544, 0rf00545, 0rf00547, 0rf03809
M00804 e M4k Complete nitrification 0103809
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Table 3 Candidate genes of inorganic nitrogen metabolism
A RN EH GO-4r T Uk
Gene Size/bp Protein GO-Molecular function
0rf00084 741 Type III pantothenate kinase YacB 12 BRSBEE 1
0rf00106 246 Putative septation protein SpoVG SrFUIRERY 1 A
0rf00148 885 Pyridoxal 5'-phosphate synthase subunit PdxS B i
orf00173 2004 Nitrate reductase YyaE TS BRI 5l
orf00246 1416 Arginine utilization regulatory protein RocR TG
0rf00250 1206 Ornithine aminotransferase RocD 5 R AR R 1
0rf00316 963 Iron(3+)-hydroxamate-binding protein YxeB TCHLE ez 505
0rf00379 1017 Respiratory nitrate reductase Narl T W34 i e
0rf00490 1287 Glutamate dehydrogenase RocG HHAMINEBE (NADY) I 1
0rf00535 1377 Cytochrome cd1-nitrite reductase-like YwhL PR AR ER A S I 14
0rf00539 1131 Nitrate transporter NarT PRI
orf00544 3687 Nitrate reductase alpha chain NarG TR D T 2L
0rf00545 1464 Nitrate reductase beta chain NarH TR D T
orf00546 558 Nitrate reductase Nar]J KB EASE
orf00547 672 Nitrate reductase gamma chain Narl TR I 5l
0rf00608 318 Urease subunit gamma IR IE 510
0rf00609 375 Urease subunit beta BRI 5 510
0rf00610 1710 Urease subunit alpha AR E 5
0rf00623 351 Nitrogen regulatory protein P-II GInB it 815 3
orf00624 1212 Ammonium transporter NrgA B s R I
orf00630 282 Stage III sporulation protein D SpoIIID DNAZS & s B s
orf00783 726 Glucosamine-6-phosphate deaminase NagB ARG -6- W1 1 2 Rl T 1
0rf00817 582 YvdA T iz 500
01/00959 2112 YvgW FHES i ATPRETG
0rf00966 1716 Sulfite reductase [NADPH] Cysl MEARARER 4 )5 (NADPH) i 1
0rf00998 1047 ABC transporter permease protein YvrB MR RGP
orf01042 357 Uncharacterized protein Yusl AL s R
0rf01058 1398 ABC transporter ATP-binding protein ATPZ: G
orf01105 237 Nitrogen-fixing NifU domain-containing protein BRELRSS
orf01175 2403 Cation:proton antiporter LA TCHLBH 25 -5 N 12 2R I
orf01213 1032 Nitronate monooxygenase Ncd2 TR B o AU T
0rf01254 549 YtiB TCHLE T iz 505
orf01262 813 Nitrate transport system permease protein YtID 5 R 2 I
orf01263 783 Nitrate ABC transporter permease YtIC PERRA i
orf01264 1005 Nitrate ABC transporter periplasmic protein YtIA ATPRGHEG M
0rf01290 753 Quaternary-amine-transporting ATPase T ATPRHE Ve LA
orf01357 1191 Nitric oxide dioxygenase — S A BN AR
orf01435 1962 Threonine--tRNA ligase 1 ThrS ATPZ; G
orf01491 225 Spore germination protein GerE DNAZ &
0rf01591 657 GInP RHERR I8 510
0rf01592 651 GInM BRI 5 510
0rf01593 828 GInH IR 5 510
orf01617 801 Formate/nitrite transporter 5 L 2 P
0rf01659 726 RNA polymerase sigma factor DNAZE & 5% s FiG 1
orf01864 855 Nitrogen assimilation regulatory protein nac DNAZE & 5% 5B i 1
orf01911 450 Ferric uptake regulation protein DNAZE & 5% 5 151
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#5%3 to be continued
JEA PN E{E| GO-7rT-HifiE
Gene Size/bp Protein GO-Molecular function
0rf01968 1275 Glutamate dehydrogenase RocG A IRt S B J Pt 0 2
orf02215 1983 Nitrate reductase T P30 i e 0
0rf02225 903 HTH-type transcriptional regulator GltC DNAZS G e s R 71 1k
01f02226 903 Glutamate synthase (NADPH/NADH) GltB WA (NADPH) T 1
0rf02227 4560 Glutamate synthase (NADPH/ NADH) GItD WA (NADPH) 751k
orf02368 1335 Glutamine synthetase GInA B AR BN
0rf02369 405 HTH-type transcriptional regulator GInR DNAZE &
orf02384 315 Ammonium compound efflux SMR transporter JEER 20 G 4
orf02385 354 Ammonium compound efflux SMR transporter JBER 2H G
orf02417 261 Stage V sporulation protein S MR &
orf02418 795 2',3'-cyclic-nucleotide 2'-phosphodiesterase YmdB 23" - R - W — IR M
0rf02465 723 Uridylate kinase PyrH ATPZE &
0rf02483 363 Chemotaxis protein CheY BEIRRE (S S S RS
orf02588 783 RNA polymerase sigma factor DNAZS & 4% s il
0rf02638 930 Glutaminase G5 50
0rf02680 666 Potassium uptake protein KtrA PHES 5 A2 B G
0rf02747 1914 YkvW FHES iz ATPRETE 14
0102756 342 Putative transcriptional regulator BRI, DNASIR
01f02787 1353 YkrM PHES 5 R B G
orf02794 783 Uncharacterized membrane protein YkoY JEER 20 B 4
orf02804 742 HTH-type transcriptional regulator TnrA B854
0rf02828 315 Ammonium compound efflux SMR transporter JIE P 2L IS
0rf02830 339 Ammonium compound efflux SMR transporter JEER 2H LR 4
orf02854 999 Anion permease TCHUBARR Eh 5 A 8 28 1
0rf03008 396 ArsC family transcriptional regulator SpxA L TR P
orf03161 1215 Cation/H (+) antiporter YhaU BT B s i
orf03186 396 Putative fluoride ion transporter CrcB TEHLIS s ¥ B 5 i A i
orf03187 360 Putative fluoride ion transporter CrcB TCALH S 5 IR is 8 A G
orf03209 435 HTH-type transcriptional regulator NsrR DNAZS &
0rf03262 834 ABC-type nitrate transport system BT RS
0rf03263 990 Putative binding protein SsuA ATPREE M
orf03264 768 Aliphatic sulfonates import protein SsuB = e R R
orf03448 720 Probable transcriptional regulatory protein BRI, DNASIR
orf03546 330 Ammonium compound efflux SMR transporter JIE P 2L IS
orf03547 315 Ammonium compound efflux SMR transporter JEER 2H B 4
0rf03597 963 Arsenic resistance protein TEHLIS s ¥ B 5 i A i
orf03677 822 Probable manganese catalase YdbD THLESF iz SR
0rf03682 366 Ammonium compound efflux SMR transporter JEER 2H B 4
0rf03807 1206 Assimilatory nitrate reductase NasA TS PR AR 2, 13 i G
orf03808 2328 Nitrite reductase large subunit NasB AR ERIA R [NAD(P)H] i1
0rf03809 2133 Assimilatory nitrate reductase NasC T WIS S Pt 0 P
0rf03810 2418 Nitrite reductase [NAD(P)H] NasD WEAEERER A J5 S [NAD(P)H] i 7
orf03811 321 Assimilatory nitrite reductase [NAD(P)H] NasE W AEERER A J5F [NAD(P)H] 1 7
0rf03812 1 440 NasF iRt
orf03840 1257 Transport system atp-binding protein opuaa T ATPREE M R AL B
0rf03889 984 Glutaminase 1 GlsA1l A IR
0rf03890 1437 GInT 1B A/ A BRI B 1
0rf03963 1434 Sodium-independent anion transporter GG VERI R EL 5 IR 15 2 e
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4 PP ICHLAZ R PTAH B4, H KR Z Rl Ak,
& bm B e W 45 22 E VR R R i Ak Bl 27 iR
A, ik, BARKAET NH; fl NO, X KA s
BEEME, (HARBEILFEME NH; Al NO; MR, 1
N EREAIR NH; 5 NO, e B 114 [R] B i R K A4 el
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(AR o 7 A5 ) 78 Xt MR 35 43 b % v O e 3K
1] E R A A AT, R I
42 D ST ZEAOAT T FS017. Zhu 257 Gk ikis—
PR VLS ZFFOAF B CPAL-1, 1] LAAR 4 Hb J ARG 35 5
IR A RS Z IR . RIS, DLl 2F 1
FFEE AT X RIES LR ES (Vibrio parahaemolyticus) . W
HE[CIRNIE (V. harveyi) . &K MR (Aeromonas
hydrophila) 55 WK A= Sl Wy J5t T e SR L A4 1
RS, A LS 25 AT R A /K 7 57 7 AT L
BEENHME, PRt HICHL R R LEE S T
I E S A

R IR R KO- DL SIENT 2 AT 7 Rl Ak TE AL
FINLEE, ABFFEAT LG37 AL VAT T 54047 o
gER IR, R MR R 4P 5 4K 3 929 697 bp,
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75 ANRh, o DU SR ZEAUAT I FZB42 il f
(78.4%) % 3 1k 3L R AN A Hb Blast+ 9 7 € |
30, 3057 DUIREEE I 4mASE R, 5 NCBI
UniProt 5040 122 i s A JCHL AU ISHRR 5 3L R AR T
BLAYIE 94 4>, 20 IR 3.1%, HHpb &
AR LA R DI RE R R gmid B Y, A0 46
BOWEHE (GInK) . #%i2&E M (MnrA. NarT Hl
NrgA). AL &1 (NasABD, NarlGHK)
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VAR s E P pA IR, SEBUE R SR e Ak
R, [EBSFEAR A B i RE e AR ARBFSE &
B, 0rf00316—o0rf00630 Fl 0rf03597—0rf03963 P~
X BHE R B R A L P RE 2 M TSR R s il
FALERE, FERZ R R NH; 50 NHy, 0% X B
P ) R B A 1 2 A T ) D RE 2 T X R 85
HICHLARERA . i AR Wl EAL AR
171 12 ) HoA B DS B A 2 P 7E TP B0 HLAU Y
R AR P AT AR N AT RE

gi b, VISR 2R AT IR LG37 FER 47 91 1 fi
PR AW H AL T A ST RERE A 4 it T
SEMAE, it B IO R R iR AR S it
THIREHE . FEKRET 0rf00316—0rf00630 F
0rf03593—0rf03963 KN X B9, BI LG37 ik
M. ez AR TOHLA R iR
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