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%?%IQHEI’JEIIE*"H\%”%*"% JSM 102089 B Z %t
A8 MRBRKEE o

wAR BT, BorE 2, REA S, KW, AUE R, XA
RS

1 HFERY AYEESIHEREGE, R 51 416000
2 AR AR BAL WA SRR T, Wi KV 410031
3 SRFE R FBE BEEABE, Wir KR 427000
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5 OE.[HF) B4 ISM 102089 9B Al 5 S B wia sk odE e e L8, FEEL. &
MRE. REiEFh. FF30, Vb, PRkKBRELZREEE, LRAGLLT B4, FELA &
SBAAREM. [B69] A ISM 102089 #9248 5 is, TRERERHED. [FHE]1 XA
£ F 16S IRNA £ B 5704 2 %K F o0k, A RA SRS, 8 T M EH JISM 102089 49 %
Yoy Kddr; MA EARMERE, RARKARAZHRAST I EREARELZALL T XEF
Yo SR B R4 GHC A& . T 39473 B —Et (average nucleotide identity, ANI)f= 4% F DNA-DNA %
R At (digital DNA-DNA hybridization, dDDH), Jt#47AFL A %L F 047, EAHFEHBI| T AK
JSM 102089 ¢ 24L& F Hoix; KA antiSMASH 7.0. BLASTn #= BLASTp %€ A AEMIEEFITHE
AT K B %AEX}R[@ % (biosynthetic gene clusters, BGCs)#) peik 58 . Fh iz BFfeF 7] b,
M R B RE. [4 2] 16S tRNA B 57 54 &8, HAk JISM 102089 &2 )3 B T ¥ 647
#H(Bacillaceae), 5 £ % szi%‘i‘ X Z R E W8 RARE 8 F 5047 B /& (Pseudalkalibacillus) 49 P. sedimenti
FIAT-53715" (16S tRNA 2 B /& 2 A8, 99.72%). P. spartinae FIAT-53046" (99.64%)A= 4¢3 & MR
=% B F 04 H (P. hwajinpoensis) SW-72" (99.59%), Hk 2 =% sk 5 764F ) & (Alkalihal obacillus) 44 3R i
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e 5% 2 3 5647 H (A. hemicentroti) JSM 076093" (98.64%). 24 F 16S rRNA A B 57 ¢4 A % X F #t
b, XBEHMARHER T AIME R, P ISM 102089 5 P. sedimenti FIAT-53715" #= P. spartinae
FIAT-53046" B E AR Z L X &, 12 JSM 102089 £z & X A t951 ] LI ety 2, Btk
JSM 102089 #9445 o R AFJE A F AT A AHFAE, (2 At 45 dE. B0, B IR KAR Ao Bk B 75
FERZADFHANIRANTAARL T R EZREWAOER K, WERARAF LN, AH ISM
102089 5 2 % & F # 2 £t A B 4k 2 19 49 ANI A= dDDH 14 ) B 21K T &2 1A 7T 44 tm i 4+ %)
5B 1A (ANI, 95%-96%; dDDH, 70%), 3L ZAMRKRET FRATH AN a9k dpAr. £ARE A
A%AFHR E, HAR JSM 102089 4.5 P. sedimenti FJAT-53715" #= P. spartinae FIAT-53046" & £ —
A, AL AT AR T IR L G AP IR, FOZ I AR RARE B FeAT R B o9 — AT AR R . BGCs 4947
AP, R ISM 102089 Z I Z 048 X 4918 E s F 04T B A L FI0ATH B 13 MRAME
MRAAE AT AR kB T AR ER B A= 5 K5 19 X 86 A~ BGCs, % #EA Rk eh# Mk fn
B E 5 AR, 4R R H AR ISM 102089 £ A 2 AN 45 My EAE 7 k4% . o A L 4% 5137 #1149 £ 42 BGCs.
[4%] 44 16SIRNA £ B 57, RASFMEAEEARAF )N ER, WHRTH S B IFLIRE
84 R BARE 2L ISM 102089 X & T 3F J04T B AHE % 38 3F JoAT B B 09 1 A 37 A (37 2L B 4 4F);
BGCs 5 #74 R 2 = @ #k JSM 102089 A 3 55 948 X 691824 & 3F AT 1) B Ao a2k F 67 B B &
ME A % 5 BGCs B4 R o931 Mt Adk 509 A1, 2 B4R ISM 102089 314 BGCs #9444
Fo o Ge LA B B o9 AR, RFCATEA R KO Z A FH A LA RBERSZHeH . B, A ISM
102089 & — RSB 6y 37 TR A, LA G R. wENA RERM A EDBARBHEF
#H—FRE., KARELIN, EBREFTRAFABELRSMI N ZAAL B oy RWAA FEHS
=, JPatsdR T AR
KR ERTEELT, RARAF;, A4LFH; HARAHR;, REKHZHERAREK,;
AL

Genome-based analysis of the phylogeny and secondary metabolic
potential of a halophilic bacterium JSM 102089 isolated from
non-saline environment
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Abstract: [Background] Strain JSM 102089 was a moderately halophilic, siderophore-producing,
facultatively anaerobic, non-motile, endospore-forming and Gram-positive bacterium, isolated
from a non-saline cultivated soil sample collected from the Dehang Canyon (28°15-28°43'N,
109°30'-109°45'E) in Jishou, Hunan, China. The strain was positive for gelatin hydrolysis and
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urease activity, and exhibited a unique phylogenetic relationship with the members of the family
Bacillaceae. [Objective] To find out the phylogenetic status of JSM 102089 and unravel its
secondary metabolic potential on the basis of the draft genome. [Methods] The phylogeny of
JSM 102089 was primarily analyzed by 16S rRNA gene sequencing and comparison of
phenotypic characteristics. Then, the exact phylogenetic status was investigated comprehensively
by means of comparative genomics analysis based on whole genome sequences, including
comparisons of G+C content, average nucleotide identity (ANI), and digital DNA-DNA
hybridization (dIDDH) estimated values, as well as by phylogenomic analysis. To investigate the
secondary metabolic potential of JSM 102089, we used multiple bioinformatics tools such as
antiSMASH 7.0, BLASTn and BLASTp for rapid genome-wide identification, annotation, and
analysis of biosynthetic gene clusters (BGCs) for secondary metabolites. [Results] The results
of the phylogenetic analysis based on 16S rRNA gene sequences showed that JSM 102089
belonged to the family Bacillaceae and was closely related to the type strains of 3 known
species of the genus Pseudalkalibacillus, i.e. P. sedimenti FJAT-53715" (16S rRNA gene
sequence similarity, 99.72%), P. spartinae FIAT-53046" (99.64%) and P. hwajinpoensis SW-72T
(99.59%), followed by Alkalihalobacillus hemicentroti JISM 076093" (98.64%). These 5 strains
formed an obvious clade in the phylogenetic tree based on 16S rRNA gene sequences.
Specifically, strains JSM 102089, P. sedimenti FIAT-53715" and P. spartinae FJAT-53046"
formed a distinct subclade, but JSM 102089 made a separated branch on the outskirt of the
subclade. Chemotaxonomic data of JSM 102089 were consistent with its assignment to
Bacillaceae, while JSM 102089 could be distinguished from its closest relatives by a number of
important characteristics, such as salt tolerance, motility, urease activity and hydrolysis of
gelatin. The results of comparative genomics analysis showed that both of the ANI and dDDH
estimated values between JSM 102089 and type strains of phylogenetically closely known
species of Pseudalkalibacillus and Alkalihalobacillus were well lower than the generally
recognized thresholds of bacterial species (ANI, 95%-96%; dDDH, 70%), which strongly
supported JSM 102089 representing a potential new species of Bacillaceae. The results of the
phylogenomic analysis also showed that JSM 102089 clustered together with P. sedimenti
FJAT-53715" and P. spartinae FIAT-53046" but the strain studied made a distinctly separated
species cluster, which suggested that JSM 102089 represented a new species of the genus
Pseudalkalibacillus. A total of 86 BGCs belonging to 19 function-types including
NI-siderophores, type III polyketide synthases (T3PKSs) and terpenes, were mined from the
genomes of JSM 102089 and 13 representative strains of Pseudalkalibacillus and
Alkalihalobacillus. Most of the BGCs exhibited prominent novelty compared with known BGCs
as well as high function diversity between each other. Particularly, two strain-exclusive BGCs of
JSM 102089 were relatively unique in structure as well as particularly novel in function.
[Conclusion] The combination of the results of phylogenetic analysis based on 16S rRNA gene
sequences, comparison of phenotypic characteristics and comparative genomics analysis
showed definitely that JSM 102089 cannot be designated to any of the recognized species of
Bacillaceae, but represents a potential new species (or new genomospecies) of
Pseudalkalibacillus; Most of the BGCs of JSM 102089 and closest representatives of
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Pseudalkalibacillus and Alkalihalobacillus exhibite prominent novelty compared with known
BGCs as well as high function diversity between each other, and parts of the BGCs of JSM
102089 exhibit unique structures and novel functions, which all clearly show that these strains
have the biosynthesis potential of a variety of novel secondary metabolites. Therefore, we think
JSM 102089 should be a typical example of new-resource microbes, and the systematic
taxonomy, salt-tolerant mechanism, secondary metabolism and biotechnological potential of the
new strain is worth being further explored. Moreover, it is evident that the phylogeny and
taxonomy of the genus Alkalihalobacillus and/or some known Alkalihalobacillus species should
be re-examined, and on this a few of well-targeted suggestions are proposed by us.

Keywords: comparative genomics;
phylogeny; new genomospecies; secondary metabolite biosynthetic gene clusters; new-resource
microbe

halophilic bacteria from non-saline environments;
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Fl(Bacillaceae), H 2009 LUK, A K BAEFXT T
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KB ZREWGY, kM E AR B g i
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fbo2 B WA M E . NREK 28 AIE
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S, AR, FFESER T
B EE IR, o 2R AT R G LR
2/DHE TZEHY 27 D& W/ ErgER )
JRERTR . 2% FCBAME R A B2, S S B9 K
TR DB R0 2 B, T AR ) 43 A1 “everything s
everywhere” [ B Zx, [AIATHE/RFRAT, e A9
AR PR h s v] BR AT B B A Ay HAR B A=)
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SR il v B B ) 7 2 A o 22 TG B R BE RS R
WY, ¥ K7 S (chrome azurol sulfonate, CAS)
TR - A G N 3 2 TR AR B 0 I Ak AR
PE, AT IR RS KT AL TR
WHRACH T W6 1, ABF5E7E 16S RNA
FER P9 R G0 K T 53 B AR BURRAE Lo A i L A

b, P E R E R R E SR, AT
i FL B HE R 4] 2= 58

1 ME5HF

1.1 #&m

IR JSM 102089 J& A 52 56 % X 3 [
T SR EER PR v gL TR 2 FE R R A ], R
H+% 20% NaCl A9 marine agar 2216 (MA)2455 7
BL0y e A WA TR WA AR B
TIERERD o LR AR B 22 ER AT A
HEFIEEL | 7R 5 0.5%20.0% NaCl (5 & 5555k
AR R (RIS G WS 4%-8%) . SEEG I ]
4 PRSI RS R T KRR U SR R
MRAE AT LB S Hm bk, HORIEWT -
Pseudalkalibacillus sedimenti GDMCC 1.3076" Al
Pseudalkalibacillus spartinae GDMCC 1.3077" H
J7R A WA Y s R AR EC P O (Guangdong
Microbial Culture Collection Center, GDMCC)
M s AL T EAR ¥ B8 25 61 - 1 (Pseudal kalibacil lus
hwajinpoensis) DSM 162067 H1 7 [ {3 4= ) #1141
15 3% W % 9 0> (Deutsche Sammlung von
Mikroorganismen und Zellkulturen, Braunschweig,
Germany, DSMZ)HI ; 3RV 0 G HREL 2R F04F 1
(Alkalihalobacillus hemicentroti) JSM 076093" Hi
1.2 FERFFLE

BEHE R, ACat b E B A Y AR BRA A 5
BEAN . RBEANK ., REEAK. BEA
Wi WEREEAVE IR, JUat B R A Y EOR

HIRTFTAL A MIS3-E AL B, db s AfF
BRI ARAT; #%KEF S, b=
A FRA A 5 AR £ 16 I8 | Voges-Proskauer
R BLLTH], | AR R A R A ]
JRAE Wk, BD /A +wl; DNA $#REUFIZifL . PCR
B RGR L BEAE Y, A T AR TR ) i
AIRAHE . FMEERKER, Rk
Fhy AR TRAE, BHER R SRR A PR A
fER IR FRAEIR, LA A R A A &K
2L, Eppendorf A F]; HAWRURTIRAS,
Thermo Fisher Scientific 28 A ; S84 Y6 G 1,
Shimadzu A Hl ; Y62 B ik5%, Leica 24 H]; PCR
IXFTHL KA, Bio-Rad 2~ Fl; IRERF RS,
BD Al AEY A ¥ ¥ R 4 (Microbial
Identification System, MIDI), Biolog Life Science
Institute 2\ ] .
1.3 1EHE

marine agar 2216 (MA)HI marine broth 2216
(MB)}523E, BD A+, MAS Fl MB5: £ MA
o MB &t 80 50 g/L NaCl.

R CAS Biflg kiRt : NaCl20.0g, &
i AW 20 mL, &G4k B W 1 mL, HAth# SCHR[25]
[

BE AW ATERREL 5.0 g,Na,CO;3 8.0 g,
KC127.5g, Z5&F7K 1000 mL,

A ER B : (NH4)2S04 1.6 g, NasSiO;
4.0 g, Na,HPO4 8.0 g, H;BO322.0 g, SrC134.0 g,
KBr80.0 g, A& ¥7/K1000mL,

BRBE@/L): HEAM 10.0, FHE 3.0,
&K 15.0, NaCl 5.0, pH 7.2-7.4,
1.4 EPREVEE T FALEIIE

Fi MA FIMAS G AR A T 2R 0 T i
wk, I MAS P85 5% T MBS
30 °C. 180 r/min §57% 3-4 d, =i 4 000 r/min
250 15 min EEFK, FH 0.85% NaCl i #h
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IRV 3 U, T A2 48 A A ) R0 5 BR 25 0 )7 5
FHE R CAS B b5 77 FE PG 35 7 R 3 AR T 1k -
S AR S WARIEE, B EEIEAS
A2t UYL O BEA MR AR, JRINE H: 16S rRNA
LR P 9 AT BRI

1.5 16S rRNA Z[F#Y PCR ¥ 15 F0 5
TR

K /N i P R R 2 DNA L 45 #L
7 PCR ¥ 3 16S rRNA JE[K261, 41 p= 4y 28 52f
NS PHEER R UKAT I 54K I, B4 T AR TR
(TR Ay A R vl SR T — A P B AR 264 7 7 41
WISE . 16S rRNA KA 147 5 A R HIE [ 5 |
H1(5'-AGAGTTTGATCCTGGCTCAG-3") Fl I [11]
53|#)(5'-AAGGAGGTGATCCAGCCGCA-3").

M BioEdit B4 F Fy 51 e BLIA | A A il e
Jis; ok DNAStar Z{40H ) SeqMan &7
AT AN DfE, 0 RE G R [0 7 410w g A 51 B
AT T TROE, VIR E RSB ZERF, &
f£ 24 fasta #6X& H, IF 1% GenBank 58 /0 3t
BAEPE, 157515 . £ NCBI (https://www.
ncbi.nlm.nih.gov/)#l EZBioCloud (https://www.
ezbiocloud.net/taxonomy)>¥ F} BLAST #47AH1{LL
PEZR, F#IFLL fasta k& AR A RUE R
WA, 3% R H s e 5048 8 R R I 7 514 .
Clustal X #1725 X . >R ] MEGA 11 ¥4
1 14 4B 42 (neighbor-joining, NI)¥E . i KR
(maximum-likelihood, ML) ¥ il fx K fi 29
(maximum-parsimony, MP)AYE R0k B . F
1 000 YK E 2 1Y bootstrap 6 56 LA PEAl AL 4
FEE Y YRR E P o
1.6 FREFIEMER

L JSM 102089 NSk, 5 4 NSH W
PRTEAR ) S5 445 A7 R BURRAE DX AR ER . BR
ARV, A S8R MAS Fl/8 MB5
FEAM R 5 A o SR AR HE G (4,35 F1 KOH ¥ 12 WL

G2 NPTy A AR 22 W B WL 24 s T
HIAS 7] NaC 1k B 1) 75 SR 30 Fl MA - RO it
ks SR MAS SR MBS HEI £ 755
R b sz s R FRTL 2 RS AR AT 2
Bi FR 9 A2 BRSSO 2 B R iz sl i
A T4 5E 1 g/L NaNOs F1 10 /L #2419 MA
Tt SRR IR R G R R A T IR AR
Bi 3% 3% HaoOo R AR 3 35 4G 3 4
b A B AR A BTS2 IR . 2 R YK AR R
Fi 8 A0 5 2 At A AR RRAE A R AE 2 B R L 4N
W R G T )P T . SR MIDI RS AT
TR AT 1Y) A A LA DT R A 5 BT S TR AR R T
WEJG R AVE R R ORI s A AP R
PRS2 TR CAS BigF-Hi, 30 °CH: 5% 7 d,
JUK-S wakrd i I (TS WS = WY NP
1.7 ERFERFFINEFLED 574
DR e il T A R 55 A 1.4, B0
FIPESST, 45T 1.5 mL EP 45, —70 °CHE kIR
KFERTR 2 d e, ATk, %A TAY
ARk ) B A R ) SR AR 5 B A
EFERHAEZLE . SCE R AEFL I Tllumina 23 ]
PEAL AR ME R AR AT, IR IR AL G R 4
DNA $ICRUB BRI . /N Bt DNA SCFER
R . BFX PCR 7840 Nlumina ) 745
A% Wt Trimmomatic 0.33 #4347 R 1A%
Pl ok DA B Y reads; FH Spades
3.6.2 BT IR IS A reads dE T4 %E . K
4 Prodigal v2.6.3 HEAT g A JE K0, i
RepeatMasker v4.0.5 KA F LR H 5 O HEE
7B AT LR R A T i E R )Y
51, i Infernal v1.1.3 AR 35 P )7 ZHAI/E Rfam
BTN RNA 2£H, F] tRNAscan-SE v2.0 il
DSR2 tRNA HE [ 5 i IslandPath-DIMOB
v0.2. PhiSpy v2.3 Fll CRT v1.2 4351 3l 35 X 26
HOJEIAIZH B . IR TR A F CRISPR,
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1.8 ERFEE RS 7 XHEHELLE
I FE L GHC/A+T+G+C MR 15 5L A
41 DNA [ G+C %% . >kl EzBioCloud 1E4k ¥
2% % 45 (https://www.ezbiocloud.net/tools/ani) i}
A7 JE PRV 9 4 X6 EE 43 AT (i pairs) , 55 R4 ] °F- 25
W R — 31 (average nucleotide identity, ANI)
Fi& OrthoANI FyE AL B e A% A= W) Wy Fh 22 1)
B FE R ANT B{E /2 95%-96% , fIk F3xX — & [ AT
DAHEN 2 AN BB SZ [/]— 4 Fh 02 0 S 06 1T Ak
FE A RS H R Gk & O 7 %5 U0 ORI TR iR
K4 F1E3] DSMZ M4 F- & IRk 55 (https:/ggdc.
dsmz.de/distcalc2.php), & Genome-to-Genome
Distance Calculator (GGDC) 4.0 i1 7407 DNA-DNA
2L 5% {t (digital DNA-DNA hybridization, dDDH)
fli%, KA Formula 2 (identities/HSP length)fi
{ELEAT 4 DR A e 2 ) s B A0 Az 2
iz 8] DNA [FIJEPEEI{ER ] 70% dDDH, ik
FIX — BB TR PR U @ TR [l A Be2s]
1.9 ERFBRFMERBRZLE T
N T L W E R ISM 102089 75254
FrRRH Rge 2 T 1AL, DS IR e v e
HEH A E s, KA Type Strain Genome Server
X 3k (https://tygs.dsmz.de) 7E £k i 55 847 36 PR 41
RGRE . HATTE R HET 16S rRNA Kk
R Hras R, T B S Eioi T N Tk s
Z 10 MHERERRGE KT R R VI AT
PRIER 41, FEH MASH Bk B 8k 850 25
e 1% B Y TR DR 21 4[] S 6 R R R R 2 —
ALy 5L R 20 4E 5 R I RNAmmer $2 0045 38 K]
ARy 16S rRNA JEE ¥4 ; KA Genome
Blast Distance Phylogeny (GBDP) d5 ik {k i &
FERY A “trimming’ 3 3 1 L 4L 7 51 16S
rRNA JE 791 22 (8] DL K PR 20 4 1 91 ] ) gk
FEFEES (100 YEEAD), F T4 BT I AR (8] 19 R 48 &
HXF; H FASTME 2.1.6.1 IR 4H R4

KBRS,
110 REAW~HEREEERED
K F antiSMASH 40 B kR 7.0 %K {4
(https://antismash.secondarymetabolites.org/#!/start)"**
BE T A [) 26 TY B PR Ak DR A B o5 K A SR AL 1Y
TE R HE AT 55 D20 R A 7 W 4 il A DA
(biosynthetic gene clusters, BGCs)HRH % 5 |
IHRETEREAN P9 5347 o 1A antiSMASH J2 H Hif
Y08 55 43 B A TR RN L TR R R 4L A A A
FERFR T B A T H, 4841 3 gl
ARSI P4 B, BV strict, relaxed Al loose, A
B9 TR R 3 >R FH 1 o 4 7™ 4% i “relaxed” ., 2
WG BERITA BBk, TEEE PR 4
TR R 2 AT R AN A0 o AR 20 B AS R TR
PREYIE IR L, 1 AN [R] 28 BU L R e 1) R A
ZERFNINEE ; 75 NCBI bR il B8 6T 45~ FE R
1 A W IAZ O TR O AZ IR 7 91 54T BLASTn
WA, EREIEIER ;X H gt i & s
B2 ¥ 51T BLASTp # %, AR
EE, WA TEEREAIETEfE

2 ERS594

2.1 ET 16S rRNA EFMARGE LB O

AT P RE ISM 102089 JLF-41 1) 16S rRNA
FEHFF R 1 491 bp, F7f T I PR 3RS
GenBank/EMBL/DDBJ J¥51]5 5 KM199864 ., 7£
2k BLASTn 43 #r KB, Btk JSM 102089 4
J& T AT R, HHERGRIHE e A,
5H 168 rRNA JEH 7 1A RUM: fe i 19 10 A4~ i
R 5 E Tk 5 MEGEk 1), H s
JSM 102089 FR 4t K F 5% F f J 55 VI 2R V8 ik
ZE 7 4T T4 )& (Pseudal kalibacillus) 1 & B, £k % 7t
F 1 )& (Alkalihalobacillus), A 5 /> A4 it
Rk 5 bR JSM 102089 1 16S rRNA A 5
HIFPE R TF 97% (3 1),
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Fz 1 EHKISM 102089 R L & B X R H VI HBIFEHRAY 16S rRNA EE F 5L (Top 10)

Table 1 Top 10 similarities of 16S rRNA gene sequences of strain JSM 102089 vs. phylogenetically close
type strains

Frs Py o S Y T ok Fe 415 AR

No. Species and type strain Accession number Similarity (%)
1 Pseudalkalibacillus sedimenti FJAT-53715T 0Q457525 99.72

2 Pseudalkalibacillus partinae FJAT-53046" OR195743 99.64

3 Pseudalkalibacillus hwajinpoensis SW-72T AF541966 99.59

4 Alkalihalobacillus hemicentroti JSM 0760937 HM460885 98.64

5 Alkalihalobacillus algicola KMM 37377 AY228462 98.02

6 Pseudalkalibacillus caeni HB172195T MK249707 96.59

7 Anaerobacillus isosaccharinicus NB2006" KJ852652 95.77

8 Halalkalibacter kiskunsagensis B16-24T LN610501 95.74

9 Desertibacillus haloalkaliphilus KJ1-10-99T KC989945 95.50

10 Anaerobacillus alkaliphilus B16-10T LN610499 95.41

HE—2B AT LU Y, Bk JSM 102089 ik
PR A AT R A9 P. sedimenti®”) | P. spartinag®”!
F1 P. hwajinpoensisi*® & & fifi £h 25 4T 14 & 1)
A. hemicentroti® R4tk F X R &Y, HH
MR B AR 2 18] ) 16S TRNA K& K7 41 AH B
ol BT SR A P ) e B (L (98.65%) 14 X
5 AN EARTERT 16S rRNA LK F51 Y NT # 1
Bt E R e FR, PR JSM 102089
5 P. sedimenti I P. spartinae & Z&fix N % Y],
T RE RS &R, HE JSM 102089 7E
Z R 1AM E B B ST i 4653 3 (B 1) ML
MP W HLIE AR LY N2, DLIEL 1 Hhees
em bR IR AL 72 3. ML Al MP A6 FE T
K E W B 2 B 8E o0 (https:/nmde.cen/
resource/ncov/attachment/NMDCX0001723), a5
4 NMDCX0001723, A FEET 16S rRNA FE[K]
PO RGERE g &Y, HHk ISM
102089 IHJ& T2 AT HFF, iz PHR G
HHEERGE KT RRENEY), HIK A rEmE:
AT, B8 TR 2
2.2 REFHE

PR B JSM 102089 SHANBEIZZ . etk IR4

SR ATt R Ao A A S B 2 7 4 2 PG BH AT 1A
BARBAEVE . TEBUBRA 2E 4, A
K. SR . 7E MAS (pH 7.5tk EF
30 °CHEFR 5 d, BRI . R RIA S
HAAZ) 3-5 mm W EWEREE . PEES, &
T MR OCR N AR TR | NaCl a2k
JEFEREIN 0.5%-20.0%, ol A 4.0%-8.0%. HA:
KIEEAN pH {5510 1045 °C (Feid 30-35 °C)
1 6.0-11.0 (Fidi 7.5-8.0). MR FIAY FRER i )5
PR, (EE RS ERER I 5L . F LT Voges-Proskauer
US| HoS 77 A B 5 BEZK ALt . TER
B . ihiR-20 FnkiE-40, ANREKRESER | 4T
e % . E-60 FIntiR-80, HEHk JSM 102089 7E
e WREEEVE R AR RN 22 IR K i (W]
e, mE-60, iE-80) 7 T B . X H T YA
KSR TR R (R 2)-

FIFE JISM 102089 b4 JERAEFF 5 271
FFRBHREAE . =PI R A H 3L 25T MK-7;
At N AL FE W A 1k vl o OSUBE A Tk H v A A
Wk BERE ; HAedsliRAas S KRG LT
YR S MUY G AR FE A AR AL, (H L =R R
T2 B it 5L AT X 43 %% )R DG L TR TR R 1)
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59* Anaerobacillus alkalilacustris Z-0521" (DQ675454)
Anaerobacillus alkalidiazotrophicus MS6" (EU143680)
Alkalihalobacillus macyae IMM-4" (AY032601)
Anaerobacillus isosaccharinicus NB2006" (KJ852652)
Anaerobacillus alkaliphilus B16-10" (LN610499)
Desertibacillus haloalkaliphilus KJ1-10-997 (KC989945)
Alkalihalobacterium elongatum MEB199" (KX171019)
W|_—Azkazihazobactermm alkalinitrilicum DSM 22532 (KV917368)
Halalkalibacter kiskunsagensis B16-24" (LN610501)
Halalkalibacter alkalisediminis K1-25" (AJ606037)
Halalkalibacter akibai 1139" (AB043858)
Halalkalibacter krulwichiae AM31D" (CP020814)
Halalkalibacter okhensis Kh10-101T (JRJU01000082)
82" Halalkalibacter wakoensis N-1T7 (AB043851)
Alkalihalobacillus alkalilacus AK73" (LT844663)
Alkalihalobacillus alcalophilus DSM 485" (X60603)
Alkalihalobacillus pseudalcaliphilus DSM 87257 (X76449)
Alkalihalobacillus trypoxylicola SU1T (AB434284)
Alkalihalophilus pseudofirmus DSM 87157 (X76439)
4100“—Alkalihalophﬂus marmarensis GMBE 727 (EU621902)
96" 75* — Pseudalkalibacillus spartinae FIAT-53046" (OR195743)
64" |l Pseudalkalibacillus sediment FIAT-53715" (0Q457525)
100™ |1 JSM 102089 (KM199864)
Pseudalkalibacillus hwajinpoensis SW-72" (AF541966)
99 Alkalihalobacillus hemicentroti JSM 076093" (HM460885)
Alkalihalobacillus algicola KMM 3737" (AY228462)
Pseudalkalibacillus caeni HB172195" (MK249707)
Pseudalkalibacillus decolorationis LMG 19507" (AJ315075)

100" _Iif’seudalkalibacillus berkeleyi KMM 62447 (JN187498)
63" Pseudalkalibacillus salsuginis EGI L200015" (OK626585)

100" ERossellomorea aquimaris TF-127 (AF483625)
Rossellomorea arthrocnemi EAR8" (MZ416782)
Mesobacillus zeae JJ-247" (QWVT01000020)
ﬂobacillus drentensis LMG 218317 (AJ542506)

Staphylococcus aureus DSM 202317 (AMYL01000007)

0.01

98m

99°

99°
76"

B 1 F4RIEEET 16S rRNA EEFFHWEZRE K JSM 102089 IRZLABHR ™ SEAMIREHE
b EARRTT 5 7 AR . IORUR I A KRB R AT A 8 EAYBUE R 1 000 IR E
SITREE T, HARH T>50%%0E .

Figure 1 Phylogenetic tree of strain JSM 102089 constructed based on 16S rRNA gene sequence using
neighbor-joining method. ™: branches that were also found with the maximum-likelihood algorithms; *
branches that were recovered with all the three methods, i.e. neighbor-joining, maximum-likelihood as well
as maximum-parsimony algorithms. Numbers at nodes indicate bootstrap values (>50%) based on
neighbour-joining analyses of 1 000 resampled data sets.
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&2 EWKISM 102089 XD TE5HARGLEXAREVRBEERNREFE
Table 2 Phenotypic characteristics distinguishing strain JSM 102089 from its closest phylogenetic relatives

RAYFFAE JSM 102089  P. sedimenti P. spartinae P. hwajinpoensis  A. hemicentroti
Phenotypic characteristic GDMCC 1.3076T  GDMCC 1.30777 DSM 162067 JSM 0760937
pore position Central to Subterminal Central Central to Subterminal
subterminal subterminal

Motility - + + + -
Oxidase + -
Facultatively anaerobic + + - - +
Methyl red test - - - + +
Nitrate to nitrite + + - - +
Urease + - - - +
NaCl range (%) 0.5-20.0 0-8.0 0-8.0 0.5-15.0 0.5-25.0
NaCl optimum (%) 4.0-8.0 1.0-3.0 1.0-3.0 3.0-6.0 5.0-8.0
pH range 6.0-11.0 5.5-10.0 6.0-11.0 6.0-10.0 6.0-10.5
pH optimum 7.5-8.0 7.5 7.5-8.0 7.5-8.0 8.0
Temperature range (°C) 10-45 5-40 15-40 5-40 5-40
Temperature optimum (°C)  30-35 30 35 30-35 30-35
Hydrolysis of

Aesculin + + - + +

Casein - - - + +

Gelatin + - - + +

Tween 60 - + + + +

Tween 80 - + + + -
Habitat Non-saline *Mangrove *Mangrove fSea water $Sea urchin

cultivated soil sediment sediment

+o BEME; - BIPES BRTE*. PRSI R 5] F SCER[37-39]; KR M ARSI S AT SE R A5 R

+: Positive; —: Negative; Data marked with *, 1 and § were taken from the references [37-39], respectively; All other data were

taken from this study in parallel tests.

¥R, HRE JSM 102089 FEEiHE(>10%) K
anteiso-Cs.o. anteiso-Ci7.0 Fl is0-Cia0 (8 3)o
M, HPk ISM 102089 7Eiz sk . IREE
Koo RERRER AR . DREGIE P TR AR R B
K55 B YRR W B IX BT S5 RS
KB RFZBEVIMMAIE R 2); FEik ISM
102089 HIAL2E M HARHEART A ZE AT BRRHRAE , 15
H R R RR A IS & BB A X T2 UM
RIRIERAYHF RU(R 3); 735, kK JSM 102089
o385 A AR ER BT (N R AR L 8) , i LAt P ik 34
K B ERFRBE(EEE) o LA A W2 R AE 1 1 22 57
EUET 16S rRNA FEHFHI AT 458, R kR

JSM 102089 B i X 51| T 5 H R 5 & T % VIHH K
() 4 A ZEFRAFT R B R0 FP 0 LAY B Ak
2.3 EFBALEHFIHERK

B RR JSM 102089 JEH41K/NA 4 398 021 bp,
1 39 ANEE B AR NS0 NGO 43514 363 494 bp
1 68 355 bp, L ¥4 5918 bp (i FEHAH 2K
1 0.13%); G+C &t h 39.87%. 77 4 463 1 i&
H S gt 75, BN 3799 773 bp, 4k
) 86.40%, V-3 851 bp (Max, 5 514; Min, 60);
86 I t(RNA KM, 7@ 34 MR A ; 9 4
rRNA JE[H(5S 74, 16S 23S & 11, 0@
3R EE, Bme 4 MREAL . 2 4
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R 3 EHK JSM 102089 K H R YIHE X BBV B K & 4B RE AT BR L SR
Table 3  Fatty acid composition of strain JSM 102089 and its closest relatives

Fatty acid JSM 102089  P. sedimenti P. spartinae P. hwajinpoensis A. hemicentroti
GDMCC 1.3076" GDMCC 1.30777 DSM 162067 JSM 0760937
13:0 anteiso 0.59 - 0.66 - 0.41
14:0 iso 13.04 8.80 8.63 13.81 12.01
14:0 0.55 0.56 0.41 - 0.58
15:0 iso 6.82 5.15 5.06 6.81 5.68
15:0 anteiso 54.71 52.00 55.01 44.30 50.82
16:1 w7c alcohol 1.31 2.93 1.26 6.59 3.85
16:0 iso 4.44 8.27 6.97 10.83 8.59
16:1 wllc - 0.36 - 0.95 -
16:0 1.67 1.59 0.95 1.06 1.02
17:0 iso 1.11 - 2.25 2.58 -
17:0 anteiso 13.46 16.61 16.90 10.49 13.55
18:0 0.39 0.59 0.28 - 0.67
Summed feature 3 0.55 0.57 - 0.51 0.64
Summed feature 4 - 0.83 0.25 0.32 0.52

— RAEINE] ;s BUE IR IITR & 5 [ 2r b, IHLR R 2RI (210%), P B BRI <0.50% 19 88 i o Bir A Btk A -4
i

—: Not detected; Data are percentages of the total fatty acids, those representing <0.50% in all strains being omitted, and those
in bold were major fatty acids (=10%). All data were from the present study.

BIMETE A . 4 28 50 A~#5 DL Ay CRISPR J741 .
AL D AR A A T I B W B o B dE
iL> (https://nmdc.cn/resource/zh/genomics/genome/
detail/NMDC60154745)F132 [F NCBI # [K 41 %L
& £ (https://www.ncbi.nlm.nih.gov/datasets/genome/;
JBEWYWO010000000),

2.4 HEFk JSM 102089 K ZHIHH X EHk
HYEL BB I LHF 4

5 JSM 102089 REK T KRBEUINRE
BB FLAT BT R A R AT R R A 7 DA
R (https://Ipsn.dsmz.de/; 2024-09-30), H:H i
W 58 £h 27 f #1175 (Alkalihal obacillus alkalilacus)
WA AL A B, s e g ol SR 2F A
(Alkalihalobacillus algicola) H A Al i %I f# £k
AmNO-13 FYRE R 8 , HoAth 12 2 Fh Yy
IS AE T MR T R N 20 B0 (https://www.nebi.
nlm.nih.gov/datasets/genome/; 2024-09-30; 3% 4).

KRN T RS I R R G R B HLAL, X 12 4
SR RE A | AR IR R AR (LA B R 1A
PR B L DR 20 249 FH T ASIF 5%
2.4.1 HEREBRG S EIFME

FPE JSM 102089 5 RGK T XLRHIIN
115 W B 24 7604 BT SR R R B 2F TR TR R L
PR 13 AMRERVEREMREE A Z 0], 4 ANI {H
1 dDDH {f 35) BH I8 A% 3536 oA AT 1% 200 17 0 ol
7 B{E (ANT, 95%-96%; dDDH, 70%) (& 4),
VAR ISM 102089 WiZAAFE T 2E /T
BE 1LASB kST
242 HRABRGAEZF

WL IG TR TSM 102089 LR ZHAE 2R 1A |
£ % Type Strain Genome Server [% 3 75 28 JF
TREFA R ET o, EHEHEE SRS A
TREREFN A Bhifiie, HARISZFMAF AR 12 N
32 NEAHPIF LR R IR AP AR 2).
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T4 EHRISM 102089 5 R 5% B XRABEVINZFETER 13 M EAYMHARREEREREAREELS

Table 4 Pairwise comparisons of genomes of strain JSM 102089 vs. 13 related representatives of the family

Bacillaceae

L7 95a=s
Serial number

Wt e AR A T B

Species and representative strain

P55

Accession number

G+C (%) ANI (%) dDDH

(formula 2; %)

1 P. sedimenti FJAT-537157 GCA_028610665.1 40.28 81.24 24.10 (21.8-26.6)
2 P. spartinae FJAT-53046T GCA_028610625.1 40.19 80.95 23.70 (21.4-26.1)
3 P. hwajinpoensis DSM 162067 GCA_020524205.2 39.96 78.01 21.70 (19.4-24.1)
4 P. caeni HB172195T GCA_005747095.1 40.92 69.36 19.40 (17.2-21.7)
5 P. decolorationis DSM 148907 GCA_024609785.1 39.54 68.11 22.60 (20.3-25.1)
6 P. Berkeleyi KCTC 127187 GCA_021608225.1 39.18 68.37 19.30 (17.1-21.7)
7 P. salsuginis EGI L200015T GCA_021646685.1 41.58 67.80 19.60 (17.4-21.9)
8 A. hemicentroti DSM 230077 GCA_030404055.1 39.84 77.78 21.20 (19.0-23.7)
9 A. algicola AmNO-13 GCA_020171805.1 40.73 73.86 18.90 (16.7-21.3)
10 A. trypoxylicola KCTC 13244T GCA_001590785.1 35.74 67.42 23.40 (21.1-25.9)
11 A. pseudalcaliphilus DSM 87257 GCA_028610675.1 37.92 67.44 21.50 (19.3-24.0)
12 A. alcalophilus CGMCC 1.3604T GCA_004802515.1 37.19 67.70 19.70 (17.5-22.1)
13 A. macyae DSM 163467 GCA_001039475.1 39.85 77.90 21.50 (19.2-23.9)

Pl 70% dDDH [S{EPYES PRIk LA
79% dDDH [R{E" AT W RIOK RIS, Hbk
JSM 102089 F1 32 /LAY bk A= 32 ik
HE AP & T P. hwajinpoensis DSM 16206" 5
5 VG 8 B £ 2 #0041 B (Alkalihal obacillus macyae)
DSM 16346 — 2 JE 4t — P i i R Fh iz s,
fFE ISM 102089 78PN 1 HA R #k % BB & T
M PR FE(E 2). HERENARELEER L, T
WREILTF 16S rRNA ZEH YK 24), AT
I (K 2B), Witk JISM 102089 4 5k
RN ZEFIAT AR Y P. sedimenti il P. spartinae
FHER AR, (R PR R AE SLAM BB B T 2k ST 1k Ak
2 2). Bk, BT IRFEHMRGE KT 5T
ZERIIRFOR, FERE JISM 102089 J& T2 AT
PHR ST AT R AR TR 1 ANBTERFh .
AT — &5 e 5 T 4 SE D 4L 7 41 iR A 7 2 (R Y
FLBE M TAR R, BRZ B B R A R Sl 3
2.5 FEHk JSM 102089 X ZHIHEXERK
KM= EREREFRT

R T EATH ML T AR JSM 102089 (194

W AR S7, HRR TSM 102089 K H % U140 56 )%
Pl 13 AR TR AT L #T, SR Z
A= W% L% 1. H (antiSMASH 7.0, BLASTNn,
BLASTp)XI H: BGCs 41 s fl /34 . 5 2.4 BGCs
LR IE | A% R S T B 2R 1 (LA T i
FRAZ 0 B8 () i 28 22 55 V& 3 18 e 510 A 4814 DA
A0 TR R YRPE 45 2 AN J2 WG TR A 2 #T o
Hh BGCs BBt BcHh B4 o A B s i A7 T
F AR FE s O (NMDCX0001723) .
251 FEHEISM 102089 K Z11HEXEHI BGCs
4B R FA 50

Bk JSM 102089 & 13 /MY e B bk HE A
4 antiSMASH 7.0 7EZ 5 P4 Rt e C 4 22 [
F WA PR B8 FR D (NMDCX0001723), 4%
R BGCs A&t ansk 5. fE2H0 14 2k
RIZH 3% B 19 25 86 /1 BGCs. A I, Ttk
1] BGCs 4341 45 Ry ¥ i G IH] 4-7 2%
SRR 52, mEE R R -9 1 P
B 6 1) TEARE-8E 15 Eh ol 8 N
i), BGCs ZEMUBFN BB A b X918, 43 9 Hy
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6 155286319,

T3TKS. terpene Fll NI-siderophore A iZ
IrARTY(10-14 4, lassopeptide 55 5 284 L7
(4-6 ), RiPP-like %5 3 K NHi A 9*”(2—3 A
), i arylpolyene 5 8 2| Jhy B ik % Jag Y .

B WA BGCs FM i AETERE S E‘J)%'IEH
225, WA LAP (5 M) F RiPP-like (4 M)#R7>
AR =8 , 1 2 4> hserlactone #B7E = £k ik
J& ;8 LR A BGCs 7E B Ak [A] FIZSFE ] 40 A

532k

Pseudalkalibacillus sedimenti FIAT-53715"
_;312 Pseudalkalibacillus spartinae FIAT-53046"
'JSM 102089 genome'
06| | ‘Alkalihalobacillu smacyae DSM 16346’
61! Pseudalkalibacillus hwajinpoensis DSM 16206
8 Alkalihalobacillus hemicentroti DSM 23007

Pseudalkalibacillus decolorationis DSM 14890
'Halalkalibacter alkaliphilus M EB205™

Anaerobacillus alkaliphilus B16-10

79

63
Bacillus suaedaesalsae RD4P76

Bacillus massiliigorillae G27
Rossellomorea agquimaris TF-12

62

100
Pseudalkalibacillus caeni HB172195

Pseudalkalibacillus berkeleyi KCTC 12718
Pseudalkalibacillus salsuginis EGI L200015
| Anaerobacillus alkalilacustris DSM 18345

100Y—— Anaerobacillus alkalidiazotrophicus DSM 2253 1I I []

Alkalihalobacillus pseudalcaliphilus DSM 8725
Alkalihalobacillus trypoxylicola KCTC 13244
100 glkalihalobacillus alcalophilus ATCC 27647

Anaerobacillus isosaccharinicus DSM 1006447

'Halobacillus ihumii Marseille-Q1234'
Gracilibacillus lacisalsi DSM 19029

_T

Jeotgalibacillus malaysiensis DS
75 ﬂﬁjeozgalibacillus alimentarius YKI-13
0 Jeotgalibacillus terrae DSM 22174

Jeotgalibacillus haloalkalitolerans HH7-29'

ANEfE, SR AE JSM 102089 25 5 M Rikk, Hr
3RS 210 2L AR BGCs (5 M)A

FE R 5).
2.5.2 EF#EISM 102089 & Z1J11H%E BGCs
Ihee M

antiSMASH 7.0 73-#r KB 19 25 86 4>
BGCs H1(NMDCX0001723; 3 5), S MIEH
AR R A 2 ANGE BB 2.3%), B
& 5 A opine-like-metallophore 100%4H L F

Use
Typr

L o

-
-
1 e

64 Halalkalibacter nanhaiisediminis CGMCC 1.10116
Halalkalibacter akibai JCM 9157 |
Halalkalibacter wakoensis JCM 9140 . . E
57 64! Halalkalibacter krulwichiae NBRC 102362 E @
Aquibacillus koreensis JCM 12387 .

mﬂmm:‘:ﬂjjjjm SSU
-
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Pseudalkalibacillus sedimenti FIAT-537157
W‘— Pseudalkalibacillus spartinae FIAT-53046"
'JSM 102089 genome'
'Alkalihalobacillus macyae DSM 16346'
Pseudalkalibacillus hwajinpoensis DSM 16206
— Alkalihalobacillus hemicentroti DSM 23007
Bacillus suaedaesalsae RD4P76
Aquibacillus koreensis JICM 12387
| Alkalihalobacillus trypoxylicola KCTC 13244
I Pseudalkalibacillus caeni HB172195
{Anaembacillus alkalilacustris DSM 18345
100 Anaerobacillus alkalidiazotrophicus DSM 22531
Gracilibacillus lacisalsi DSM 19029
_| Rossellomorea agquimaris TF-12
Halalkalibacter krulwichiae NBRC 102362
Bacillus massiliigorillae G27
Pseudalkalibacillus berkeleyi KCTC 12718
Jeotgalibacillus malaysiensis D5
Jeotgalibacillus haloalkalitolerans HH7-29'
Halalkalibacter nanhaiisediminis CGMCC 1.10116
{J@atgalibacillus alimentarius YKIJ-13
97 Jeotgalibacillus terrae DSM 22174
Alkalihalobacillus pseudalcaliphilus DSM 8725
Pseudalkalibacillus decolorationis DSM 14890
'Halobacillus ihumii Marseille-Q1234'
Anaerobacillus isosaccharinicus DSM 100644"
Anaerobacillus alkaliphilus B16-10
Pseudalkalibacillus salsuginis EG1 L200015
'Halalkalibacter alkaliphilus M EB205™
Halalkalibacter wakoensis JCM 9140
66 Alkalihalobacillus alcalophilus ATCC 27647

Halalkalibacter akibai JCM 9157

4

]
O S

HEE BRSNS EFE = BNE BN EEE o

91

B 11 N porcc:

l

A N I NN TN ) W T pela
"##__ Genor
LR ]

2 EHEJISM 102089 ETEEHERFMWENEEABRZLERM A FET 16S rRNA JFEHF51
B: JETFIENAH LR,

Figure 2 Genomic phylogenetic tree of strain JSM 102089 constructed based on genomic framework
diagram. A: 16S rRNA gene sequence-based; B: Genome sequence-based.
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Table 5 Components of BGCs of JSM 102089 and 13 related representatives of the family Bacillaceae

FER AR J 1 2 3 4
Type of BGCs

5

6 7 8 9% 10 11 12 13 T

Total of
strains

T3PKS + + + + +

Terpene

+
+
+
|

NI-siderophore +

+
+
|
+

Lassopeptide -
LAP -

Betalactone - — _ _ +

+
+
+
|

Ectoine - - - - -
Opine-like-metallophore - - - - -
RiPP-like - - - - -
Hserlactone - - - - -
Lanthipeptide-class-II - - - - -
Arylpolyene - - + - -
HR-T2PKS - - - - -
Lanthipeptide-class-I - - - - -
Lanthipeptide-class-II1 - - - - -
Opine-like-metallophore & LAP  + - - - -
Phosphonate - - - - -
RRE-containing
& thiopeptide

Thiopeptide - - - - -
Sum of types of BGCs 6 6 7 5 5

+ o+ + o+

14
++ 13

=+ o+ - - -

—
S

+
+
+
|
|
|
|
|
|
e e e S T S N S B O O NN, B

-
4 9

6 6 7 7 5

(o)}

*o ARSLTY AR
BRI 4.

+B++:

1 8% 2 N EIZEH BGC #4631

—: RAGIF]; T. JSM 102089;

WHRE S 1-13 4 APt

*: Non-type strain; + or ++: One or two BGCs belonged to the same type were detected; —: Not detected; J: JISM 102089; the
strain serial numbers of 1-13 were respectively designated to the same strains as Table 4.

bacillopaline 2 [H (/7415 : CP002869.1).

i teperne 83%#4H{LL T carotenoid (FJ040212.1);
AL S5 23 /1~(26.7%), Bl 8 /> NI-siderophore
60%—66%7+H bl F schizokinen (BA000019.2) .

6 1~ terpene 50%-66% A {8/ F carotenoid
(FJ040212.1). 5 > lassopeptide 60%—66%7HH {1
F paeninodin (AHKH01000064.1), 3 > ectoine
66% #H I T ectoine (AF316874.1) . 1 4
lanthipeptide-class-1I 41% #H fl F cerecidins
(KJO00001.1) 5 AH UMM AL (3%-8%) ) 11 4~
(12.8%); 46 fr 5 % J& B AE Mg At 50 4
(58.1%) A RIS ZAHIE FN BGCs., F#HI| %

HA R 14 AN A B T3PKS, HA 3 M VLAY
CL A1 BGCs, H HARMI AR AR (3%—4%). — Ik
KT 85% AHARLJE 114 56 DR A LA R 1 TR )5
G, ELAT A A W i T T R g

714, BLASTn 23 & B3It 133 M0
A 23K 63 AN (47.4%) A & PLUC L FE 51 5

BLASTp R B/RA 60 MN45.1%)0EAY
B P v (RSl 2 5L 1R 3 9 A A DL PR IR T 80%
(NMDCX0001723). LA I antiSMASH 7.0 4347
R IAS [F) T AR B[R] — T AR A [R5 DL [A] 2
BGCs SO FAEKBEATEMLMELER, Dk
BLASTp #rirk BUHEZ.OEA T HIZH, #

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



1790 (YIS Gk

Microbiol. China

JNIXEE BGCs HATH = 1 T BE AR PRI 28 Hh 1Y
B
2.5.3 Bk JSM 102089 #J BGCs B RE AR R
REHE S

ILAE KR TSM 102089 R 21 Ay 5 A~ B R
HRAGINF) 525 6 4~ BGCs, U4 325 4 ) A AU
22K 2 A% JER(NMDCX0001723, % 5).
W ESCArR, Hkk ISM 102089 HA 5 =56 %
5 R R A O T A R AR A, B
TA 3 2K 4 P AR BGCs (T3TKS, terpene,
Nl-siderophore), f H 2%t BGCs A& & BLIL ALY
% 6 S R 7% s8RE DL PR AR IR (NMIDC X 0001723,
% 5). [, H BGCs X HA I &AMk
(1) 287 |, TPk ISM 102089 %45 i W75 F1H5
FR, (HEAEEZLER BGCs 22); (2) 45
b, ARUFREIN 2 ANEATEEETE N ISM
102089 #J&; (3) ThAk b, % & Jm 3L iR
opine-like-metallophore & LAP #l1 RRE-containing &
thiopeptide DREHAT 7 tH AGHTAIME: : ZEILM PR
WA & RRE-containing (% 5); #/rmEA
A/ I¥) opine-like-metallophore . LAP &, thiopeptide,
HHEEZ LAY S K Y6 EA B2 AR
(NMDCX0001723); 5 &5 RRE-containing &
thiopeptide 5 % 0 JE K DL FE A% BR 741, il HL
IR 5 %0 & S8 2R
ARIERR AR (27.5%-30.5%; % S1). B2, Hik
JSM 102089 B 5 A {5 55 A1 -5 £h s A7 1)
WA IIREANE 1, HA I BGCs X HA 4
¥ E R E DD RE E BT, SRR
IRUE I 2R AR

3 Wik
IR 2 20 HZAHITT IR LIEZS

FREA T AR PEAARRSIE AT R T 2, K
) 20 {22 H 5 I E A R G205 E- 2 M

A3 EIRLIET 16S IRNA EE TV RGZRE
4y Hr Al JE T DNA-DNA Z¢ % (DNA-DNA
hybridization, DDH)#J DNA [R50 #7 8
FAERBIOESFFE . R FRARE . AR 3AE AL AL
S0y AR AR ) RO DR RURAE AR A5 5 1 45 4 2R
FARR R4, DDH {E 2 —Fh R S50 7 4
PRI RR 22 [F] L (R 4] DNA SR B (R VR ) PEA
) [ e ok B 17481 RS i A (i BB 4 A3t — A4 ¥ b
FIZ WL 5 i Y, 3 60 43k — L 70% DDH
{8 A N I A AR W W Bl € 1Y 4 bR UE (gold
standard)>**, /D223 3 DDH {8 FIAZ AN
T rRNA JE[H (16S rRNA J R FE S AR 22 8]
FEAE—E M IE ) OCHE, SBJSHEXTF 70% DDH
{ELfY) 16S rRNA JE K J7 S AHIPEAG 3R 97%0
98.7%-99.0%115l; 98.65%4%), Bk 18] K] 70%3k
(K20 DDH AN A9 16S rRNA FE K 51 AH L)
PEAGAEL, — ELDIRAEAE A I A% A= 0 ol D[R] 784
SR E A e 2 S e rh Bl T2 N

SR1M, DNA-DNA 7438 SE56 H R R & |
FERTC . 2T, HORTASEBR A B A1 [A] SE 56
D715 A48 SR E P 2205253 168 rRNA LK 7
GIE B AR/ R o BRI HER A A% AR )
FEFEFE N S BP0, R, FoR o R
YA 1) DA 2 40 0 o 6 DR 7R L i o o 387
110 SEALT 5 R A Y R 505 2 A S AR AR (1)
A B, RATFENLIEAT B 4 3L R 43 51 AR Bl 1
oAt , AT AL S2 56 DDH A 1M w5 HoAA B
P AR T AL DNA-DNA 2438 FIAE 5t (1)
16S rRNA KL 791431, 56T L4791 i
PO R 2 2 41, 8 FH T VP47 TR PR (8] 1) 55 B
RIEPE, 285D R o m . e & UL
Hh SRR AR Z (B RGO R, TR
W tE W) 22 5 43 2 R AT Bl ) T BEDOSTL
T EILNAFHH) 70% dDDH Fl 60%-65%
ANI A, b 2 UL 5e 525 DDH fH{E 1 16S
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tRNA 5 [F 7 50 AR AR 18 A S A2 A= 4 o o 5t
B EhRE; BT 2 RN 20875155
M, DA FAZ 00 3 PR 2 Bl 4 B TR 4 7 471 A R TR
HRAZRKE M, WHHEET 16S rRNA JEH TP
G I S W= RPN NI - I N
W 5% 256 0 FH X Se AR SR A% LR W) R 45 53 228
HR, AW E THEE TR JSM 102089 Y RSk
HHLAL . 16S rRNA K&K 741 43 45 SR 2 W, ISM
102089 )& T2 AT HEFE, SRR g 2F
FELAT A1 Ja R g i R 28 64T 181 B 7 3 0 M 7R B ke
MRGERERZEY], (B ITCIE W% R AR
RGOS AL AR E T 3% PR AR 119 5 DR 21 A
A, FETF4IER 4 dDDH 1 ANI F &5 #r
T8 0T b % I R R AR T 2R AT R — AN
FEH A GER 4L Rl , FE R R G0 Kk & o0 pr s SRk
— R E AR JSM 102089 & T V8 Bl 24 FL AT
P -

BiE TR MEEARGE LT
25 P EU A B DR 2 2 AR ek J Rt v
DL 5 DNA-DNA [R]JE AT 16S rRNA FE[H
JP A B R BT BT R Y R A A Y R G
SRR RBLATE T . AN K& i) 51
Pk ISM 102089 R %L B XK R m% VI g sk
ZFEFELAT R B R B2 TR AT TR e R T
H ARG KT AL R 2 A HE SR A ZE AT B
(Bacillus) st 37 Hi R [ ZE AT AR BT 5L o 2020 4
Patel % 5L T ZERAF AR 352 /N SE R ALk T T4
1] B IE R 2 R 48k 75 LS SE IR A 240 #r, M
THTF 16S rRNA FEHFH | 45EH 4751
4 R AVE AT R G, DRI
WE R E] 6 AN HLE E L 2 (monophyletic
clade), #UELST T L35 W8 el £k 2F 0T B )8 1
W 6 ASBTE; RAE, VETRER ZEAUAT 1278 X pk
Joshi ZFIPHE— 24143, HBimior T3 5w bk
JSM 102089 %5 Y1 AH 5 1) {1 W Bl 25 6L AT 0 &8 76 N

{8 AT AT 25 46 AT 1 & (Alkalicoccobacillus) | g
Bl £ #1174 & (Alkalihal obacterium) . R i &5 T8 &
(Alkalihalophilus) . & i 1 I J& (Halalkalibacter) .
g Bk /N FF W J8  (Halalkalibacterium) |
(Pseudalkalibacillus) 175 14 FG AT B J& (Shouchel la)
X 7N o

SR, FRATTHEAS W9 rp ke B H Ay 26 4328
BATT/ YR RGO AR A . LAFETRER
AR A, I8 HAE 7 AR, RIRE R,
& Bl £ 2 781 4T 13 (Al kalihal obacillus alcalophilus)
(JLRUFR | JEEERETER ZF AT RI(A. algicola). B
WFETHER ZEHIFT (A, alkalilacus) . A. hemicentroti .
HEPE ST ER ZF FUFT (A macyae) . B8 Bl W Tl
HZEAFFE (A, pseudal caliphilus)Fl & X R 4:fa
WE T Eh ZE A AT I (A, trypoxylicola) (https://lpsn.
dsmz.de/genus/alkalihalobacillus; 2024-09-30),
BT A. algicola #il A. alkalilacus fitj 75 B A 15
AR B , FATHEHAD 5 FpfktT 125
M FL AR A 22500 . S5 RARI, ORISR
LT 16S rRNA FEFF ARG AR (A 1),
I RTEINH RS R T (K 2), FRBRIX 5 M)
A 228 2 [A) P Y (monophyletic). 7EK 1 |,
A. macyae 5 K 2 AT 1 J& (Anaer obacillus) 3R
1E—if, A hemicentroti 5 {8 Bl 2F AT 14 &
NS, HoAh 3 ASIETER ZE AT R B YR R A —
o BAERNARGEEEN I, TIR2HT 16S
rRNA JE P4 (E 24) iR J2 5T 42 5L R 4751
(1 2B), A hemicentroti il A. macyae #0515 &%
R E R AE—, 58 P. hwajinpoensis
ARG KRE RZ N EY], H A macyae DSM
16346" fil P. hwajinpoensis DSM 16206" JE Y, T
1 AMIR s LA 3 ASIETEh 2R AT s Py Fh
W 23880 2R AT AR H A R Ak 4 S 22 (8] {H )2,
A. hemicentroti fil A. macyae 5 P. hwajinpoensis

A E 2 6] 1 ANT Fil dDDH {H #3402 5 4R

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



1792 (YIS Gk

Microbiol. China

NEE, RHENE 3 . UL Ea#r
UiH, WERER A R R SR 2 R
VIR R G KB M A Rl — 0 58 Wit
FEHAE 3 AUEEED: (1) i A macyae
SLAITERRAY 16S tRNA JER ¥ 51 a4 3L [H 241 )7
GRS, AAZBUEE BT E I DAAZ SE s #b A
A. algicola FlI A. alkalilacus M%) [ #4 4> 5E K 41
JPA, S HRE B AT 16S rRNA JE[A
JE4 . (2) FTAI4E 168 rRNA JE K 14 5L [
HEAE, HATHRERAN T RG220, fh
FT 16S rRNA HEHFII RGE LTt
F4RK4A M ANI, dDDH MERNARFE LT
AT s BN FEEA T MLSA FRZ O JE R 40 50 #r .
ST AT ATVETRER ZF AT IR | e 5 HE YA DG
s T Bk 2 F AT BT Ja A DR AR AT TR 8 S 2R AT
HEBNMBRIN ARG LE LR, 3) ETHA
SRR A, BATHEN A macyae Fi
A. hemicentroti 7] f&J& T 5% W& Bk 25 FLATF 1 s 1
MASZ RN B T B THERR ) R G0 DS H
B, TETRGE KB s R, 2
MH AL A. macyae F1 A. hemicentroti /)% 4F
ik, JHRAL S REEE, IF SRS I ZE AT
P& 55 2 AT IR R DG R BT AT LA, A
S A T I S A S 0 G B Ay - N R B
P, SRJE R EAT R 43 2 b 7 R A T4 T A
B SOHT R AR AT A B A MR I8 T R
FAE 538 0 SR, AT RE AR BB A TS )
5T, SRR AE B AR T T R A e
R AURE 388 07 2 AR SR IR B A o v 20 B 5 )
FHECH R, O 2B A P B8 R 58 T
P i S Y LA A PR JSM 102089 2k
FH v 8 35 5 55 N 9 Bl AE 30 208 55 v 43 B 1 g
W, BAREARAEYENE, AR T AT
PR — T TER A, B T R ) BT IR AR

Y. ok T AT TR TR AR TSM 102089 A=Y
HARW T, A5 R JSM 102089 K& H %)
FHOC B MR s A Ehodm 1 13 MURER
PR 1 56 LR 20 Y 9 A0 L 70 B . antiSMASH 7.0
I3t &I 19 K2 86 > BGCs, A T3PKS.
terpene F1 Nl-siderophore N {Z 4%, 52
HIIEHFE R, AW AN BGCs ZH3H
B, UA 2 4~508 %0 BGCs AR (100%
1 83%), HAWMSET AT 66%, H 11 4
HA 3%-8%, HA 50 M&A LS ZHUmE
M1 BGCs; BLASTn 5 BLASTp /378, ik
47. 7% A1) Az O SE R AT R BDE L 751
45.1% 1 1% 0> B 2R 115 [R) 28 i %) AR AL AR T
80%. VA &5 RHIHHRH], Hk ISM 102089 J
HEDIM KR BGCs HA K m 1 ZFEMEFZE
PR , RIS A Y B R B A
R PACH W 71 . R JSM 102089
AL 00UE AT B 38 BGCs JEARGL AL A
Bravtk, mHH BGCs HA 2 MHE MRS . —
JEFTH 86 1~ BGCs HI1) 2 MR A LR Az bk
Lg , —RHH—AE 5% RRE-containing &
thiopeptide HIREM . Kk, Wk JSM
102089 J& % B BT IR AE M Y 2= AR
4 b

HF 16S rRNA LR FII I RG K E 34T
KRR ISM 102089 J& T 2E /T R, 5i%Ak
) A1 I 0k 2 AT TR S8 0 8 Bl 2 A 1 S o6 &R
e B ) s FRIURHIE F & B, TRIBR JSM 102089
P22 0 KRR S 2R AT R — B, (HC T R
ek 2Bk . ORI T R R K A A
YRR B XA T S HRE LT RRZBETIN
BUARUTRIAR 5 PR L DR 2 2 43 B 245 SR BH A S 7 T
Pk ISM 102089 U3 T IRMETCEFEA R — 11
TEHF . AT X —45e FE R TRERGEE
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S TAR BN, TEREPRZ Ry e R Al A Ry G
HUHERG ) R G JE A 5 B — B A T 2 40
KR A BRI E -

R BAR ™ 1) 6 B DR 2 40 B 48 R 3R
PRIFE JSM 102089 S % ) A O Ay 415 8 Bk 24 1
FFIE & P g B R 2R AT B 1) BGCs HA G
M) ZFEME RN 2 B di b, PR B R
AR AR 2 FERBA T v 15 e
t ISM 102089 #43 BGCs HAT 4544 I o b 4
TR L BB i, SRR IOR T I A P 1 2
A,

M2, HRE ISM 102089 BE 243 55 A JEEhER
B ER T OB TS TER Y, H A 7 AR A
FRR A W 77, S — PR TR (437 B R
WEEY, HRGSS . T ERHLE A A P H R
JMESR &R WA, A1k & gL
ZEFUAT PR S L A O R R ) R 5k T Ay
KU A TR &, FFXF 4R T AR R A A
S S BN St L
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