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TE: WHAF T RMT NN E R ERE F, AFRNT AT 2B E ST 8RR
¥4 4 &8 (COD) By B tko it 16SIDNA I 7 R A B Ao, S d P —Hhh i
B RATHE, @4 N Bacillus subtilis H2, »t 3 AT H WA, KA ZBE %G B. subtilis
strain SCUTO09 & [7] JF M & 3£ 98.8%. M H miE A KAUBEALIN, ZEHKHRELE K S
P, BEHA2°C. pHME K 65, HhE N 1. WZHILH LA, ZHELGRBEW S EAH
TR ERBRRE e, TUENTRNREREEXRE. W THRAZEEK
FREYWAER, BFZERATEELAAEE, BAAEKAERESE, HEL €
MEEEWFEAR T . FREF, EEHEFHTELAER, ZAFENTERRT
FEENRP W TH - FRAZFRWERANE, KFRNE T B subtilis H2 ty 2 3
W, #RD 7, HHEAL2KHK4111243bp, GC 4 & 4 43.46%, % 4213 NEH,
Hoop 4 31 AN AZ M R rRNA fo 87 AN tRNA JE B, 45 %0 7 7 & 3N 41 )7 7 8 87.67%.
P EE A T, HE Mk B subtilis 168 A L EH A EHHEH A 3551 . R £
W, RARX P EHNEEFRATAATALRERA AT EAEEZNNAZ L.
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B KA HEAT 18 52 02 K 7 35 B W] HR S R R —
A H 26k W5 Kk B E R AT IR
(Bacillus amyloliquefaciens) 7 /A [7] B9 & {4 T ¥ 15
IR ) S R A PR B AT AR A 1 2 PR AR
Kunadia 587 {ff ] ZF /AT AR TARAY IR0, &
PUIZ 0 T B AR A A ALY e A — AR Ak o

fi A T — P B TR M R A R, AE
IR FRFH T ANALRT LAYk 20 2 7K R 3 ol 1Y) PR 85
TUEH R ] DUSR 5 1 32 00 3 5% 0 8 O P 1Y
AU, est fa 35 0090 1 s g B0, K™= SR Bl vh
AW EEACEME . AR . BRI . ZF
FELAT B A0 HAB T 2R 1, A R FLAT T (B. subtilis)
VB g 2R TR B — T, AR S Aol AmDRHES s
R MAEAK = FRAa T, R R AR b s AT
TEKAESN Y E I iE A —E NP EE ",
Hb, AT AR oK IR AR K R T R
te AR EIFSY, Cha S WF5Y & BUA; 5281
¥ &8 XF 4 8F (Paralichthys olivaceus) i) 4= PEBE |
KR G328 MBI AR 1 DL R 258 K i #RA — 2 1
PEHEAVERT; Liu 550 & 9 2F AT mxt e 2 %
(Oreochromis niloticus) 41 [F)FE 1) G € FIUI fig
Zx mL AR AEUOVRD Lin S8 A B ZF 60T T AT A 3 R
B XF W i 0 AR ) RE I 9 AR T BE 5 Madani 5
U502 B 0 25 F60FF DA AT LA B 35 2l 58 FL g Vi o R
(Litopenaeus vannamei) /4 A FA BT &, $2 5 1]
KL AL (FCR).

H HI ¢ T 28 fFF B A2 7K 7™ 7258 B AR FH Y
FHOCBIFSE 28 R W7 B A R e, W) B
T T R A, i N 4 3 AL AR
SRz T4 s 20 AR B 2 LR I
M\ 1997 4EE , Kk 2 FL A TR IV Aol f) 4 i DR 2
Jp w4l , Rahimi 558" DTS 358 b 43 B9 BT
Y A= W R A TR B. subtilis MJO1 FF0 2 T HFE A
2, Kunadia%:" 2521wl 43 B 46, B. subtilis
C3 If il 7 HIENH . ASBE5E V5 K 43 B 4
FE T — BRAG RIS B. subtilis H2, JF X HAE
15 K Ab BEAK P AR AT TR . B,
XF H AR AT 15 K v T G Wy R i e ) AR DL K BT
PRI 7 i 52 P 00, JHG 0 ok v O 2 A AT
P NI G K S ML B (Aderomonas hydrophila)
AT, WX E X A (Ctenopharyngodon
idella) I TE AL R AER- . 17— HRR X
PR VE LB, AROF5E e T H 2R R,

https://www.china-fishery.cn

JEHEAT T AR . COG Rl GO 45430 HT .
RN, AT AR KT IR E AT oK Ak B
R BTN L, AR ST A SR AT S WF i e A
157K Ak BRI R A A R B I 2 %

1 MRS TE

L1 KM

S FH A R R VR T M T 2% oF By 3K L
(14 357 35 75 0 TR S BT RR

B KE L IE, Sl BRmR, 5k
MTE LB [ {RKG T2 (Webk#y 5.0 g, HHK 10.0 g,
Bl 15 g, NaCl10.0 g, JNzEME/KZE 1L, i/
Tris 2% % Al HCUK: pH i £ 7.0). 38 i 2 K e
TR RN Pk 5k PR V5 R L b AT 4k, 3RAS ZRR TR PR,
TR T AL =,

S Iy A BT AR [(50+10) g] W H AR LR 4E
PR 7= A VR SR A Y, 3K R S50 fA T 200 L
IPEIR K I R g, RIEEA R . KB
B, FRERA TR M TR, &N 2 AR
AN I

1.2 HE¥RAY 16S rDNA £ EMEBYH L EE

K FHAH B 16S rDNA #5191 (B35 16
S-27 F: AGAGTTTGATCCTGGCTCAG, F {5l
¥ 16 S-1492 R: GGTTACCTTGTTACGACTT) %f
afi fb 40 P #E 47 PCR 335 B 7 3% ) i AR &
DNAmix 12.5puL, F #5314 (10 pmol/pL) £ 1 pL,
2 uL T# /& DNA(Z 150 ng/uL), Sl ddH,0 #b & &
25 uL, PCR JZ W Z54: 95°C 5 min, 94 °C 30s,
55°C30s, 72°C90s, 35 F¥; 72°C 10 min,
16 °C IR A7 o 1% Byt A 56 Jie P i Aan il 47 3 235 2R
VI Al Ak 5 2% 7 R — W3z Jk RV R A7 BR A
M7, T GenBank 14T BLAST 434 .

H Al Ak O A 1Y) TR ol SR P Al ) 4 s 4 A T
LB [ 85773, 37 °C i s 9%, WM %
A, B (ARMEEETN) B AR
b, METH AR L Y il s
5. WEM . BEER KRS . FrAE IR £ 5L e
A5 PRI e T A S B (R QIR A T R EILA
AR BR ],

1.3 AHYERES S
FH Al Ak 1 B b Ak BT 7K, LA 30 T R R I fi
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COD MfE ) o EARSEE ik M—80 °C vk4fi b
WO T B SRR TR AR, 4 B4 FP T LB [ A 8s 37
B, 37°CHE M TR E R R AR, PR
A TR LB 35972, 37 °C 853546 1 170 t/min
KSR 2y 4 h, SRJG o3 0K 40 TR BE 55 WS KR Y
HARLLL LI ELBRR A, a8 O BR ALk £ [)
FERIA & 4T 1y 35 R BTG 7K . e RIS L il
k. Wl COD,

5 5 3¢ COD P il 3 7] (75 & 6 1o ol 3 £
BHEABRA R i A 2 mL A5 %, DR B200 %t
F A (HACH, & & bR RE A
FR 23 71165 °C 4k 60 min, DR 1900ff 4 7] Il
Y66 EE T (1500 mg/L, HACH, i tig {5
A BRA A I e, 115 CODWREE .

K4 481 F GraphPad Prism 7 4 & 4% (4 4E &,
{8 FH SPSS 18 FR A 1) 51 K 2R Jy 22 43 M kb xof B4 1
i o 2 AR B H2 Ak 4 AR A [ ) 5 Y 3
22T R, BRI T B AR 2 (meant
SD) #/r, P<0.05 HFRRA B E XS,

1.4 %A 16S rDNA #H LB 5547

SR AR 552 59 i 46 B AR (1) 16S tDNA J¥ 51, 7F
NCBI %4 £ (https://blast.ncbi.nlm.nih.gov/Blast.cgi)
H HEX LR IRE - [R]E RIBCECAB FATRl EY 16S TDNA,
K H MEGA 6.0 B HE R G % B

15 HHETFiEE MRS TR0

Sh G R 43 A TR ) Bl A K SRR, AR
SN B FRIRBE . pH B . b BE 55 U7 T R 9 H o
PR M Z, DLT i v i i) A R R B
iE G SR RN, pH AR KN 7.0, {1 8 ANIA]
R (0. 1. 5. 10, 20, 40. 60 I 100) () LB ¥#&
R 3L, 37°CH 3R 4h 5, M2 H ODgyffi -
W Bk B SRR T, ERBEOREEM 10, pH M 7.0,
Iy NAE 12, 18, 28, 37. 42 Fl 50 °C F K5 3 40
W 4 h, FRE ODgy fH o W& fcidhi 15 5% pH I,
Iy 4% pH 45, 55, 6.0, 6.5, 7.0, 7.5, 8.0 Fll
8.5 Miiil LB WiAssEsRAE, R 10, MFSMH37°C
BiFR 4h il E ODgy (. L5 LiREE R, 36
R FRAAE, PR AR T I 32 1 AR 1Y Je il
AR,

1.6 HARFFEEMNE

TN PRI 2 A e Y R B HIL S S e
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FXF HRZH 45 30 B, LB 2 mL 10° CFU/mL
B A B ZEFRFT 1R, ) I 4 B SRR AR 0.7% 1 A
FRERIK . FRIH 7 d T, HCSCE ARG REZH L5
%6 R, REWE Gt . hhaRE R 3 A
IPYHL, 4% ZRPEFRCRTERT [(20£1)
°C] [#l 7€ 24 h J5 #47— RV 0 A B Y] 2P
B, VIR e T R R —DH 2 (HLE) Qe A0 4
ZUR BRSO, TR B 2o = AR 55 R G (PAS) %t
o GE i LR A B SRR AR 2 ik b R R A Ak
BT L, P S 5 a7 R s s 2 R AT
@, BOZR AT LORE 4 20H G v v 2 b sl
JRYE LT A7), TG i 3 e AR 40 A 20
DL A Bl o B 45 T 0 24 B i 2 41,
53 S g KB R TR A R R A B AR K
W 3d)E, SRR ER . T, Ehiitra
LY R T
1.7 E[FH DNA A2 BUFn £ B F B F 510 E

FERGE SR SR, R S SR b 4 h,
SRIG B WS AR PR A, e 1 B 8 T 8 A TR O
K20 DNA. X2 HUAY 38 K 24 DNA #E 174l B Fvk
JERI, A e 2% LR G AR R A R
AT .

= AR T A BCHE S falcon R
PR IE B B R IE MR H A v B A%, 1/
AT VAL, B R B IE 0 R AR ) A AR
Sk i B SO 4 Ok ) — BOPE R 8 3R AT circu-
lator™ IRAL AL B, f 2845 2 B0 1 40 B SE A
PTG 245 KA A o

2 HEH

21 EHH2HEEELREE

M R 8 U A1 S Bk R Bl R 23 B 4
BT IUHRETE, FIA 16S rDNA %556 1 X X 26 7
PRASCT W12 25, 4R R R 2 BOA bR N 2 1
Frm e mas CAAREn w2 € T ) B9 i ik (9
H2 B BRIEAT DUR A T AR AL 2 g8, 45 R Ik 1
7R o ARG e g IR, al LA RE 12 R N A
AT R
22 AHYIREEYR

SIS K S R K UL AR A SR
IR . 2 prdscs, B Hi5K @ LB IR R:
FFEK=1:1:8REMURKG. &t 72,
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%1 B. subtilis H2 B4 18 4 (L 451F

Tab.1 Physiological and biochemical characteristics of strain B. subtilis H2

A A E T E EE S A E T E g

physiological and biochemical identification results physiological and biochemical identification results
AL catalase test + L4k HE  cellobiose +
BRI /KM#  tyrosine hydrolysis test - HBE  fructose +

VEMIKME  starch hydrolysis test +
FFIFIREL  citrate test _

HEFERR AL gluconate test -

2% NaCl +
7% NaCl +
10% NaCl -

4 CHK 4 C low temperature growth -

10 CAK 10 °C low temperature growth -

FAZHE melezitose _

HEH  mannose .
HIE B glucose +
BIHiAEHE  arabinose +
2P maltose +

ABE  xylose -
FiF#E  raffinose _

>3k galactose _

55 CH:K 55 °C high temperature growth + FBE  lactose -
60 ‘C4EHK 60 C high temperature growth - K#¥F salicin +
FE Yt gram stain + JERE  sucrose +
e P RIRAEA R <RI RN R B
Notes: “+” means positive biochemical reaction; “—"" means negative biochemical reaction

144, 216. 288, 360. 432. 504 F11 576 h 8 I~ A
[A] o [A] A &b B, 5 6 BR A He 4, 0 3 1Y) B. sub-
tilis H2 TR FR 7] 12 35 PG5 7K B9 COD( 1),

2.3 WMEZFBITE H2 EFEY

B. subtilis H2 TE 37~42 °C ¥ 0] IR A= K |
HpAE 42 cC A KA BB by, BIIE 42 °C &%
4 B ) Fead A KRB (I 2-a). B, subtilis H2 1€ pH

OXTHEZH  control

600
. W B.subtilis H2
a L .
B T
g 400 - R R
g 5
& O
HE 200 }
Py
=
o L 1
72 144 216 288 360 432 504 576
5 1A /h
time

&l 1 B. subtilis H2 H#kXT COD BIFEfEIR
PR TN, 50 I8 AL B meantSD K I, *K R P <
0.05, **%IR8 P<0.01

Fig. 1 Degradation of COD by B. subtilis H2 strain

These data are expressed as the mean+SD relative to the control. *P <

0.05 vs. control; **P < 0.01 vs. control
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6.5~7.5 ¥Rg MR ar b A=K, pH 6.5 Feil A HAEK
(] 2-b)o B. subtilis H2 7£ £ B 1~4 35 IR T L3
A, &G E N 1 2-¢). B. subtilis H2
FESGE A K AT R A K i Ze &l 2-d IR o

2.4 THEEH# H2 A9 16S rDNA i#H Lt

N T 1IN B. subtilis H2 T8 28 4T 3 v i ik 1k
PLE T, AR IR 3R AT 16S rDNA FlH:Ath A 56
VIR 16S IDNA JEHNHEAT LY, JFE RSk
AR, WE 3 AR, AFF TR A g, (R
P 5 5 I T AR 2 5o FN869038.1, X 13 T ik B.
subtilis strain SCUT09, ¥ 5 {RI1H: K 98.8%.

2.5 EaEARAYI RS

HE &  Jilk— PRG035 40 X
il E AR, AR R EL TS
AP R BRI AU B AR T HE Bt
@, SR BN AN TET K, 5%
7, SRR G BOE AR Z ARG, 454
B RN A — B (B T -1~3); AH LT BRE, 2
TSI H MR A 2, JEH DL e o W] 2
(IR T -4~6); T 9 B g 7K i T S 3 4L
R T, MRS, P, B
A8 A i W 0 R (TR T -7~9); M2 id HEH 2F

HHE K 7% 23240 sponsored by China Society of Fisheries
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o
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04 ¢

10

I [8]/h
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(d)

2 B. subtilis H2 B9 S £ K K
(@) IEAKIEE, (O)&EEKpH, (o) BEAKERE, ) REEKIL
Fig.2 Optimal growth conditions for B. subtilis H2

(a) optimal growth temperature, (b) optimal growth pH, (c) optimal growth salinity, (d) optimal growth curve

LT 1 J5 P o K S TR Ak R, i 0E R
KEMIRANM, (5 738 25 A X528, FE 0 H:
b S5 RE R (B T -10~12),

PAS # & PAS et 25 R iR, 55X
LA EE (BRI -1~3), 2% S 00 20 1 v M 26 22 i ok
VbR 2, SR, JUI DL 2RI S A Y
o f R W A (JED R T -4~6) 5 L 1 g /K S 7
SIS 20 B PR B AR SO R i L AR A e A
A (BT -7~9); M4 8 2R AT 1 5 P g
TR TR A BB, v G B OB B e A
X 2R S D, ERE X B 4 2 (IR T -
10~12),

2.6 =EFBETH
i H PacBio — AR ¢ 45 KB, B. subtilis

[ 7K 2 22 2 T 6 sponsored by China Society of Fisheries

H2 1 4L o ik 4 JE 4 )7 51 4= K 4 111 243 bp,
HGC & il 43.46%, Zifih 4 213 LD, g b
791 5 AN 2 P 91 19 87.67%, ~F-3K B
855.53 bp, AEZWAY RNA H rRNA A 31 4>, tRNA
A 87 Ao B2z D 41 1] L IAT 4.

COG # & FEH  COG HURIE/ MR,
B. subtilis H2 47 3 639 /4~ CDS J¥ 41, COG %4 )%
FbOXF B[R] I PR AR 1) 4 KRR The s, 4ol
H A5 B AF i A1 4k B (information storage and pro-
cessing), i it i B2 A5 514 3% (cellular processes
and signaling), Ui} (metabolism), L 45135 fE
Y2 1 (poorly characterized), 7510 AH 5 1)
HHEZ, &H 15001, COG YfeE R &M
30734, HPh 5REHEXCHEARZ, S8
TERHER Y 19.2%, FERNEIER . K EY .
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11 Bacillus sp.strain DM2

B. velezensiss train KACC17177

B. subtilis subsp.subtilis strain VITAPRRKSMG-2
B. velezensis strain UUS-1

B. subtilisst srain BB1

Bacillus sp. JCE10

. amyloliquefaciens strain APBSDSB135
. amyloliquefaciens strain DST scab4
. subtilis strain ChemUPES1

. subtilis strain APBSWPTB73

. velezensis strain APJ

. strain JAKS27

. amyloliquefaciens strain Fito F321

. subtilis strain CNPMS22

69— B. polyfermenticus strain bA8

L Bacillus sp. KR083

Bacillus sp. 3-10(2012)

79— B. subtilis strain EBS05

L B. subtilis strain JD-014

B. subtilis strain DZBG 06

B. amyloliquefaciens strain D6

70— %B. subtilis strain SCUT09

0.005 L B. subtilis strain M15]

T

[ 3 B. subtilis H2 16S rDNA 5 R % % & W
Fig.3 Phylogenetic tree of B. subtilis H2 based on the sequences of 16S rDNA

B | BAEHELYR HE 6

13 3 AN BRI P IAAE W : 4~6 20 DA A SR H L. PHMEG: 7-9 2 5 AWK TR E SR AT . him A
Ja s 10~12 2330 R 2 AT B+ K S B s Se s Al g . ARG . TR

Plate I H.E staining of intestine tissue section

1-3. anterior intestine, middle intestine and posterior intestine of C. idella from the control group, respectively; 4-6. anterior intestine, middle intestine
and posterior intestine from the B. subtilis experimental group, respectively; 7-9. anterior intestine, middle intestine and posterior intestine from the A.
hydrophila experimental group, respectively; 10-12. anterior intestine, middle intestine and posterior intestine from the B. subtilis treatment group chal-

lenged with 4. hydrophila, respectively. The same below

THLE 15z 5 (E. G. P)(ElS5), MEH PAFIIREERE, AR — 2007,
Al LUE BABRA 11.1% BR AN REE E (S) ik GO %48 iz % T Swissprot 145 4L,

https://www.china-fishery.cn o E K= % 2 /6 sponsored by China Society of Fisheries
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Elh 1l

Plate II PAS staining of intestine tissue section

¥ 11 ID WS 5 GO term, 375 GO B (5 B
(K1 6), GO Hifigsy2 3 22 X LE W% 18 4% (biolo-
gical process). 2 fifl 2% 4H /3 (cellular component) .
7+ F IIEE (molecular function) #1702, 3 AK
TG Y AL AN, BRI REER Y 3 264
Ao Ho Y iR a4 L SRR
P A BENT o b Z; A=A
2 L/ B L EE/RBES A L 00 L 4 B 2 S 43
HHNE S EZ; 5 FUREMEG . S
S TR B SIS NE A i A

KEGG &% 4 #7  KEGG ¥ s £
WK 8 RIE, B—RETEAHSY, LIE
i A SRR ok, a2 B T T R
A3 2ok 5 % 2D A i B — D REAH DG 1Y
Fr A R AP, KEGG TIfig 4325 = 2 4 e iy
SUR NS SR SIS ORI (PSP UE BuN N
G B AT I RE 7328 (8] 7). HorP R B AR B Ab
Mt B ELsIESESERRRERE;
WAL G B AL B R P A B S R R 2 T 4
Mome RE T SRPEEMELWER KL, H
F R HE S KEGG R B EE N 1Y 65.72%, £
RO WA AR . BT
e R A

R ) BB A FEA ) RE B
RO HE Tt 25 FE R (CARD)™ %04 22 v B . K

o [ 7K 7= 42 25 32 /5 sponsored by China Society of Fisheries

. 50 g
g 50 s
g <)

FAIBLRLR YT F PAS 3

30 p
30 p
30 p

5 YIAH B (CAZy) BOH R B . 20 T B0% 18
B JJ ¥ (VFDB) iR . )i 5 18 32 B VRS0 P2
(PHI) E R . A58 2 9% 5 1CHHAH G 1Y CAZy 1
RATHIXT S, 454G KEGG Ui %, A& 4k i
AL DI £ . CAZy TR b, W /K i ity
MHRE N &L, WM OIEEEE B . 20
SR B FBE SR ARG, DL BRI E YR
ARG B (B 8), S S5k GWME4 .
W fige . A iz >k SE BB K A6 1 00 ) R 388

oA R 4B o AT FE B8 43 A W] L B.
subtilis H2 Z ALK/ A 4.11 Mb, 5 [R] A A 5 2F
FOFF 1Y B. subtilis 168 (4.25 Mb, AL009126). B.
subtilis ATCC 13952 (3.88 Mb, CP009748.1) #l B.
subtilis TU-B-10(4.21 Mb, NC_016047.1) K/NEAR
%, M AT MZE . AR B. sub-
tilis H2PF 42 3 04 L PR 41 7 97 R 2 25 SE R 41 B. sub-
tilis 168 . B.subtilis ATCC 13952 Fll B. subtilis TU-B-10
Z ] LSk L X, 38 A R L b A RN
FHEH, BRI 4 A2 BER AT core FEFIAT 2781
A (B 9), ARWFFFEA B. subtilis H2 3 [N 4 554
5L A 309 1

3 ¥

i B 2 FRFT BT A — b LR ) 2 B A 4
A, RERPITTMEZ —, T 1835 44
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A: RNAIIN T A8  RNA processing and modification

B: Qi 45 F15) /1% chromatin structure and dynamics

C: R~ A f#E1L  energy production and conversion

D: 4 & Ak /2. Getafk % cell cycle control cell division, chromosome partitioning
E: /AR F1CH  amino acid transport and metabolism

F: ZH 52 AW nucleotide transport and metabolism

] G: Kt & MR carbohydrate transport and metabolism

B H: Gl 2 AT coenzyme transport and metabolism

W 1 Bs AR lipid transport and metabolism

W B BRI RAEY)RE  translation, ribosomal structure and biogenesis

[T K: #3%  transcription

B L: &l EHFMIEE  replication, recombination and repair

W M: 2R BE/ R LA R A2 cell wall/membrane/envelope

B N: AR cell motility

W o: BiRjE B, E AR, /78  posttranslational modification, protein turnover, chaperones
W P: EHLE RS AR inorganic ion transport and metabolism

W Q: RAEMRMP=MM AN AR FHiaM o  secondary metabolites biosynthesis, transport and catabolism
B R: —ETNRETIM  general function prediction only

B S: KHnThEE  function unknown

0 T: 5553/ signal transduction mechanisms

B U g NSk . S-IFIZENLIEH  intracellular trafficking, secretion, and vesicular transport

B V: B bLE]  defense mechanisms

[T W: Mu#h4iH)  extracellular structures

B Y: %45 nuclear structure

I Z: 458 cytoskeleton

COG AiEFE  no assigned COG

& 4 B. subtilis H2 £ [ 48 [ &
M EISE, 551 NN GC-skew FIAEERIE, (G-ONGHC>0, HIEE®BERIR; (G-CO/NGHC)<0, MR GERR. H2BANGC &R, REE
o 3 BRSNS RNA, ZLE5 RNA, W65 (RNA. 4. 5 ERREEREH EREFER A, A FBERRERA R COG R
FERMELEE S —&
Fig. 4 Circular diagram of B. subtilis H2

From inside to outside, the first circle is GC skew, when (G-C)/(G+C)>0 is indicated by blue and (G-C)/(G+C)<0 is indicated by orange. The second
circle is the GC content which is purple blue. The third circle represents non-coding RNA, red is rRNA, blue is tRNA. Circles four and five represent the
distribution of genes on the genome, and different colors represent different COG annotations of the genes. The meaning of acronyms in this figure is the

same as that in Fig.5
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Fig. 6 GO cluster analysis of B. subtilis H2

1. biological adhesion, 2. biological regulation, 3. cellular component organization or biogenesis, 4. cellular process, 5. developmental process, 6. estab-
lishment of localization, 7. localization; 8. locomotion, 9. metabolic process, 10. multi—organism process, 11. negative regulation of biological process,
12. positive regulation of biological process, 13. regulation of biological process, 14. reproduction, 15. response to stimulus, 16. signaling, 17. cell, 18. cell
part, 19. extracellular region, 20. extracellular region part, 21. macromolecular complex, 22. membrane, 23. membrane part, 24. membrane—enclosed
lumen, 25. nucleoid, 26. organelle, 27. organelle part, 28. virion, 29. virion part, 30. D—alanyl carrier activity, 31. antioxidant activity, 32. binding, 33. catalytic
activity, 34. electron carrier activity, 35. enzyme regulator activity, 36. molecular transducer activity, 37. nutrient reservoir activity, 38. protein binding

transcription factor activity, 39. receptor activity, 40. structural molecule activity, 41. transporter activity
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Fig. 7 KEGG functional analysis of B. subtilis H2

The vertical axis represents the name of Level2 pathway, and the number on the right of the pillars represents the number of gene annotated to the Level2 pathway
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Isolation, identification and genome-wide analysis of a strain Bacillus subtilis
H2 with the ability to protect Ctenopharyngodon idella
gut and improve water quality

ZI Yingjuan', QIN Zhendong', ZHAN Fanbin', XIE Haokun’, ZHANG Hanyun®, LI Feng',
LIBin* ~ZHAO Haohan® ~ XIE Yuansong®, ZHAO Lijuan", LINLi"

(1. Guangdong Provincial Water Environment and Aquatic Products Security Engineering Technology Research Center,
Guangzhou Key Laboratory of Aquatic Animal Diseases and Waterfowl Breeding,
Zhongkai University of Agriculture and Engineering, Guangzhou 510225, China,
2. Archbishop Riordan High School, San Francisco 94112, USA;
3. Department of Life Sciences, Imperial College London, Berks SLS 7PY, United Kingdom;
4. AWS Techonologies Co., Ltd., Panyu 511400, China)

Abstract: To obtain the microbes efficiently degrading pollutants, a new bacterial strain was successfully isolated
that has the ability to degrade chemical oxygen demand (COD) from sewage efficiently. According to physiolo-
gical and biochemical characteristics, and 16S rDNA sequencing phylogenetic analysis, the isolated strain is identi-
fied as Bacillus subtilis and named B. subtilis H2. A phylogenetic tree was constructed by comparing the 16S
rDNA of the isolated strain and found to have a homology of 98.8% with B. subtilis strain SCUT(09. The isolate H2
was found to be highly tolerant to a wide range of temperature, pH, and salinity conditions, however, the optimal
growth conditions were at 42 °C, 6.5, and 1, respectively. Further, to explore its application in aquaculture, we
investigated the Ctenopharyngodon idella intestine that was administered intragastrically with the B. subtilis H2
for 7 d then challenged with the pathogen Aeromonas hydrophila to observe the intestinal tissue changes of C.
idella. B. subtilis H2 showed significant protection against A. hydrophila in the intestinal tract of C. idella.
Moreover, to further explore the mechanism of action of this strain, the whole genome of B. subtilis H2 was
determined in this study. The genome-wide sequencing of the H2 isolate resulted in 4 111 243 bp with GC content
of 43.46%, encoding 4 213 genes that accounted for 87.67% of the gene coding region, including 31 rRNA and 87
tRNA genes. Comparative genomics analysis revealed, there were 3 551 core genes shared by this strain with B.
subtilis 168. These results indicated that the isolated Bacillus strain could play significant roles in the treatment of
sewage and aquaculture water.
Key words: Ctenopharyngodon idella; Bacillus subtilis; intestine; optimal cultural conditions; COD degradation;
genome-wide sequencing
Corresponding authors: ZHAO Lijuan. E-mail: 406856929@qq.com;

LIN Li. E-mail: linli@zhku.edu.cn
Funding projects: National Natural Science Foundation of China (31872606, 31572657, 31602190, U1701233);
Ocean and Fisheries Bureau Foundation of Guangdong (GDME-2018C006, D21822202, A201512C003, 2015-
115); Fund of Guangdong Provincial Department of Education (KA170500G, TK222001G, KA18058B3,
KA1819604); Zhongkai University of Agriculture and Engineering Graduate Technology Innovation Fund
(KA180582610); AWS Technologies Co., Ltd.(D11722259)

https://www.china-fishery.cn HHE K 7% 23240 sponsored by China Society of Fisheries


https://www.china-fishery.cn

