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X PR T 3 B AR AT 1 R LA 5 DR T TR R
22 M N R AR, T A PacBio RSIT M7
V- R AT 4 JE DAL I 5 5307 o SR M7, DAAK ™ i
T3 B ) A S PRI T 4 S DR A B A DG 3 B
AR DLARE . O i M R B Bl = %
i SCHE

AR SCHE T I SRS ¥ R <6 A 10 TR T 4 A T 22
FEPERIBIETE, DAVE 0S4 £ v 73 B A5 3 1 Bk
SR A A MS—-10, XF H.3E4T De novo 4= 3 [Al
LI, I 3E Ao PP S PR A R AR N LA
L WOAH S FE R, Sy A i FF R LS50 PR A o 4 4L
PRI

1 MRE5FE
1.1 #HREIRF

BRI T MS—10,  FH ¥4 65 I 4 46 1
o B . MR AR AT I KYC55 (A grobacterium
tumefaciens KYC55) H ¥ R #7K ™ & E 58 n 1.
SRS

LB WA | [R5 758 5k TN IR 5 AR R
RS 7] s X—gal , BRYINT 2 1 WURHCAT BR 2 W) 5 7 346
E ORKMER KT S(CAS), g s kA LR}
HARA T RRER U OE A BRHA RS
A 4B R AL DNA % B 32 00 &, dE s b -
JETH R R AT BRA A
12 XFE5iEE

Legend Micro21R & X & & .00, £ H
Thermo 23 7] ;Imark F§AR1Y, & [FE Bio—Rad 23 7 ;
HZQ-X300C BUE R 4R 7 4, Ll — 1R A R A
Al s WH-1 O i TR A A, Ll 7 T B A
FR A H] s Eppendorf 5331 #: )& PCR 1, %[ Ep-
pendorf 23 7] ; Qubit 2 oI IR AL, [ Life
Technologies 73 7] ;GelDoc XR+4 H 3l &t i i 1%
£4t, %[5 Bio Rad 2],
1.3 REHZE
13,1 WHREEFRITE BRI 193 M i 4
F LB W 28 °C 160 r/min #7J  H 75, 15 3%
iﬁ“ﬁ’:‘lﬁjﬁxﬁﬁ . El] OD595nm ﬂ‘:] 0.8 Eﬁﬁﬂ‘ﬁiﬁﬁ 5
KYC55 35 3% i) 5 1] 35 5% 5 vh 8 i oAe o B4t A= R
(AR 2 pg/mL PUIAZE 100 pg/mL KM
R 100 we/mL K REFE),

1.32 WA E e BIWEmRhaemd (5
ZSALAE ) FETC R IR BE T VI | o0 6 AE T 48 IR 2%
B, TE 4 °CTF ¥ LB 28 8 6, % T8 T e v i S DK
R EAT 40 B, ST A Ja £ Uk BB — R U Ak A

Wit N-WE R -m L2 A RN ELEY
(AHLs) = 280H 5 DA Ak 0 a2 EL AT R 44 8% 1) 49 9
B o o Bk R AR AT TR KYCSS s TG ik 2 Ik
Ja B R B X ECE R, 5S4 20 mg/mL X—gal 3%
T [ A R AT R, BT AR IR A
28 CH5 3% 24 h, K 5% AHLs (U C,o—HSL) 7E FH %
XHE . 2% Li NI J7 58 i GC-MS il 43 25
PRI AHLs 2570

Vi 5 1 A B R RIS Ak 2 TR, R R PR
DNA B il 50 wL & & i & PCR 47 34 % W& Bk 1
16S rRNA LU & A5 B .
1.3.3 L[ ZH DNA #2280 I W T 10 000
min 4 °CF &0 1 min J5 0% B D05E 40 3 AR, A
I fE PBS VIR AT U B A Tl A R A
21 DNA 4 3 il £ 120700 & 58 HCAr T A7 A 5 PR 4
DNA,
1.3.4 UG W 86 e vl TR 422 Lb BB T 7T 1% 3
EMAT N 4S Green #% R Gk 077 ] £5 & 5
A KA R o 1.3.3 1 T HRELAG L 41 DNA
B PR S RE T AL, #E 90 V LR T HL YK 30 min
Je R EE RS LR R G AT RE
1.3.5 DNA Fiar gl 28 1.3.4 95k & 4%
DNA ¥4 2 il T A TRABRA A, F
H Qubit 22 H A DNA A e B & I $2 HL DNA
o 2 A 0l AR R SRR R
1.3.6  FERAM )y % kR L4 DNA BT
SR A A T AT S AL P AT, R
mr.

72 56 R A B R 2400 500 ng, B iE DNA B
JE 4 A R Bt 500 bp 2247 T SCEM EE, X DNA
PEAT % B 5 W HR 130 WL F Covaris DNA % %
Brh, K DNA Werg it PR s 09 H i i BoR /N
{fi 1 f5 ) Hieff NGS™ DNA Selection Beads &
SE T DNA B 58 A BE, lifb 5 b A7 s AG I, A6
M58 BUS 1 DNA J BeA 8 SMRT Bell SCJE 4% L
BIFLHl PCR &R, B85 DNA K61 37 5 A
2, 1T Ji Ak S A R R PCR & 4545 3% IRl
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H Hieff NGS™ DNA Selection Beads i Zf Xf
DNA Ji Bt A7 246 I A7 PCR & #4lifh, A
TE %M wGEE . X545 2 i SO R B K R/ R A7
E, WA E e g B, M5 il id Hlumina
Hiseq I 57~ 5 B ALK, JF X Jit f $c 40 9 47 5
O] DR RS R S A R AR R
(Average nucleotide identity, ANI) M K 2H 7K
LB IE MS-10 BYPIFRE B MS-10 42 (A
LN P 45 2R 5 RE R P v B 1T R A Sl R T
A B AP 9 AZ B AN 43 A B9 3l (https://
jspecies.ribohost.com/jspeciesws/), 1t £ T Blast
i & ANI {& . i i Prokka (https://github.com/
tseemann/prokka) ## ] Prodigal , Aragorn . RNAmmer
XF i L tRNA Fl rRNA #E47 R0, 55 8 Dy g
RS S 38 & NCBI Blast+ (https : //blast.nchi.nlm.
nih.gov/Blast.cgi) 5 COG (https ://www.nchi.nlm.nih.
gov/COG/) GO (http : //www.geeontology.org) . KEGG
(http ://www.kegg.jp ) 5 22 K4 FE LU X 43 45 31
Xl HMMER3 (v3.1b1) X} CAZy (http ://www.
cazy.org/ ) B FEAS BB OK AL S W BRE R B . R
1 antiSMASH (https : //antismash.secondarymetabo-
lites.org) 7E£k UM AR A4 F-HR L DA 4P 91 vh vl e A
TE R R FAC ™ W A= 5 AR R
1.3.7 AT T MS-10 W4k 3 43 W 5 (1 0 52
B R MS—-10 i RIS AL, 3% 198 Rl i 2 mh T
LB 7, 451 4,15,28 CIREE AT ,160 1/
min §fk % 55 7% 24 h, I CASAD ~F-H ik Fl 5 4
I 5E B3 WP A e B R Ay A

CAS Hf {44 I W Be CASAD i Il °F At 2 %
Shin ZFMAY R 7 il 4 o A IR BR MS-10 B9 135
W5 CAS i (kM SE AR & e E i T E T
WAL SN 1~2 b, AT 630 nm Ak BIOE fEC
AL TS BB SRS AR AR CAS i (iR R
DR & 28 5 TR AR 2500 T I K 630 nm AR 1Y
WICAEIC A A, $% B2 3 (1) T3 L3 W A vg ok
RARN E

%%%WHﬁimmﬁ;4ﬂm (1)

T

1.3.8 fIRIE T MS-10 J& W RE J1 14 56 31F
1.3.8.1 IS EER B MS-10 £ 37 2 6 Ho A K
WA, R 2R 55 % P B — 1R 75 H2 FRF LB 1,28

°C.160 r/min FE KRG TR, AW TEE T 5000 o
min &0 30 min, Pf B U0 IE 5 558 09 B R, PR o
Jo TR A B KK TR B = K22 10° CFU/mL
FET 4CF#H.

1.3.82 flFLEMak TIREEBEES TSR
£ A FH TG B K8 Pk T i, DR AR T, YRR /NI R
—H((25~30 g/He) Ja BERG , FEE A AT s 2~3
s, BORHVE MB<10? CFU/g,

1.3.83 #EMEIM KR ARE THERT,
i L FE 43 M 10~20 s, BUH W 17K 4, DL G B A=
HERK RS UL, s E TR BT 4 CokAE
EAEAE 10 d, B 2 d B A el e TR SO
VR R AR IR #5 BR A 20 (2) T8 ARl o =
BT Vivgvau VAUE B MS-10 B8 fiE 1119,

w—w 2
NoNo (2)

. w0 4 A TR I 4 R
LA AR melgs N, No 4 51 ¥ ) 13 B 55
FF 7 7% 50, CFU/g.,

Y’]VB—N/CFL:

2 ZBR55H
2.1 50 T R B A R R B SR A i

K1 ARG S 0 A W i AR A AT TR
KYC55 K GC-MS % il 43 &5 4% 15 = 40 + 19 45 R
Bl IWE 1a Haf LI i, 24 KYCSS il 2] 3 55 rh
MBS HE A Cho—HSL B 23 7 A 5 €8, 500, T 43 29 Ak
5 KYC55 A RIRE B4, vl B B AR B 0% 7 A {5 5
oy, I H IR IR 200 K B 5O B R BE C-3
LA HREE Y AHLs, @&l 1b iR, GC-MS £
N e R 7 R A TR 2 N A P e i = sl 0P
HSL &% Ci—HSL, £F& S w bk KYCS5 iyl 45
A, WS B AR TP AETE AR 50 A S AR
M (Quorum sensing, QS)&R %,
2.2 16S rRNA &l

NCBI 7 28 Blast Fb X 43 #7425 ¥k 19 16S
RNA 730, 25 R W& 2a iR, HkkE MS-10 52
PR S BRI BT ) S AR B 1 8 99% LA I 1%
P X 235 S50 WY TR R A SR M TR, R IR o
& RSB B MS-10, 18 i MEGA 5.0
Neighbour—Joining % 2% Bk MS-10 R4 & & W
HEAT R A, MS—10 5 8 B B0 147 ) 1] ) 3R 48 &
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Report plate scribing (a) and GC-MS (b) assays for the production of AHLs in test strain
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Sequences producing significant alignments

select all 700 sequences selected
Description

Pseudomonas fragi strain CP DB19 168 ribosomal RNA gene. partial sequence
Pseudomonas fragi strain JX-1 16S ribosomal RNA gene. partial sequence

fragi strain Sneb811 16S ribosomal RNA gene. partial sequence
E sp. strain 16 16S ribosomal RNA gene _partial sequence

Download

Select columns ¥  Show

GenBank Graphics Distance tree of results

Max Total Query E
Score Score Cover value

Per.  Acc

Common Name Accession
Ident  Len

Pseudomonas fragi strain CP DB19
97 | Pseudomonas fragi strain JX-1

MS-10

Pseudomonas fragi strain Sneb811

Pseudomonas fragi %628 2628 99% 00 99.86% 1440 MH3042541
Pseudomonas fragi %23 2623 99% 00 99.86% 1440 MTE319861
Pseudomonas fragi 2621 2621 99% 00 99.79% 1437 MF3515581
Pseudomonas sp. 2621 2621 99% 00 99.86% 1439 KY6233831
(a)
Pseudomonas psychrophila: 122355
decepti is:882211

PJ
83
Peorrd
93 <

57

sp. L10.10:1788301
Pseudomonas fragi:296

I —
0.002

(b)

Pseud. sp. CBZ-4:1163065

B2 HEk MS-108) Blast &R (a)MMEHKLXE# (b)
Fig.2 The Blast result (a) and phylogenetic tree (b) of strain MS-10

HRAWE 2b Frw, [R5 45 5k B o) 2 57
AR Z BTG Y,
2.3 DNA RE#HN

I FH 0 B 1 i B S5 IR PR T MS—10 JE A
ZH DNA, 1 26 28 1 T/ i R AR 1 il A 3L 1 400 7 24
fEIH AL, J5 2 456 WG BR AL R /R X DNA ##47
Pl Bl 3 Sy hE IR B B MS-10 ()35 IR H BE I
FLUKA I 1], F AT DAt R o 32 2 T —
B B 5%, 6 B DNA KRG A B, 20002, FE
DNA i # R 0.106 we/wl, 5 b, 045 30 e
& DNA A il i o7 5 9 B S 4 B2 58 3 0K AT DL
TG sek AR SO

Marker MS-10

2000 bp

B 3 E# MS-10 EF 4 DNA IR S 1 5 B B ik B
Fig.3 Agarose gel electrophoresis of the genomic DNA
of strain MS-10
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2.4 MS-10 EEAF 55

B DR 4 ) A IR ) B AR B A B,
A ) B R 2 B /N % B R R, EEY
G A I H— B S is— AN
BT E RNA B FF ] 132 M A ok, o ] — AN 2 3
Ji] DB B 20617 B Bk MS—10 283 Tllumina Hiseq
J7oF G A5 B JF A I Y 3 50 5, o T 2k OHE o (A
A5 BTG, I FastQC X AF AR (143 17 41
P 5 AT PTALALPEAG o TR R MS-10 B9 BE R 2H K
/INHR5250 003 bp, #4525 Mb,GC & i tb Ry
58.2% , WM IERECH 4 906 4~ , Hi 45 15 )7 51 (Cod-

ing sequence, CDS)#t 4762 4~ , 41 5 4~ rRNA
DL 75 4~ tRNA, ik ANT 2007 3k JSpeciesWS
¥ MS-10 5 NCBI %l b 11 4> 45 S5 ARCBR i T
TR PR B 56 DR AL A7 V9 T L, 5 S LI 4, ANT{H
65% 1 J& 1 43 B 2% ,90% 1 Fh 11 43 B 2k ,96% A Wi
T 43 R4l o A MS—10 7E N Y 12 /> T Bk 1] 114
ANI {EI7E 90% LA b, Al Bk Ay [d] —Fifr | 24 2 25 51
AR, 5 2.1 77 16S rRNA K&t 7 —2k, L
ANI A 96% 43 F- 283X 12 BT 20 R 4 A 3F
o

.83 | 9110 [ 9110 | 9110 [ 91.10 [ 91.17 | 91.09 [ 91.00

o1 | 9157 [ 0s [ over | 45 AL RMS-10 (P. fragi MS-10)

SESABUI FINBRC 3458 (P. fragi NBRC 3458)
AR HINRRL B-727 (P. fragi NRRL B-727)
FIAS A INL20W (P. fragi NL20W)
LHLLIENMC2S (P. fragi NMC25)
U A13BB (P. fragi A13BB)

LI B2S (P. fragi B25)
IR LIHDBC (P. fragi DBC)

BB AN F 1820 (P. fragi F1820)
URfIHEYE_351 (EYE_351)

JELH TMW2.2081 (P. fragi TMW2.2081)

SIS (P. fragi L3)

DD AN ODAD A O DD D
RCANNUR I ST S NG

& » RO > &
N \»Q’.e\’.%‘\“\\\-o@..o@ 4,\“@\“’@ \*“Q’ 100.00
i\\‘°q?eg’ &3- <o@~\(x\@ ‘\\"‘\%8" QN ‘\_"05\\.@\.58' o
g g QC’\Q& IR 5 W%
g S P T T g W & = Mlogoo
NI E A SRR AN =3 -
S Dy SN ORI g2
LIV N SRt “z |
PP SRS T NI S = | o200
H SR Ll
ST & 90.00
,9(%{7"(1_‘}% (&
S %&\’ R

B4 HE#MS-10 55 LLEwkE R AR ANI 5347

Fig4 ANI matrix between the genomes of strain MS-10 and the reference strains

2.5 MS-10 EEIIEEER ST

2.5.1 COG EZE4 ¥ COG(Clusters of ortholo-
gous groups of proteins) & NCBI H15¢ T 5 A% E )
SE S5 5 A R O 2 1 AR TR R OC 3R B &
Gt COG J2 Hh A [R] 4 o A 0 1 [] Y52 TR i o 26
SCRAS TR B, i T] — 322 v 64 1 ELAT AR [] 9 2
AE , % MR B RE R A TRl 20y 26 26 5@ ad I
1G85 58U R HEAT LU, RERSH0 E X 1
AR TR —RE R COG 7, BEMiE Y COG
4 B2 [ U5 2 42 e A i D REY e i

ToU A5 3 & Bk MS-10 2 4 762 A~ P B R
FT A A 2 & 7 A S S & NCBI
COG %u¥ e 8 47 BLASTp 7E£E e X, B bk MS-10
FEHA R COG I RLE KA 5a s, TERTA T
MR RN E AL PA 3 683 AN B 2
#AT T COG THRETERE , 5 B A1 77.34% . Il 5a
TR E AR MS-10 2 BR A — i Ty B T A
FAGR (R) A, 2 5@ W i is M AR (E) & H
S 2 B0 351 A4, i B R T AR 1 R Y
9.53% , P LR 2R I Al A TE Bz i A K Hk,
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55 (K) oL 358 XA (P AR AR F8 5 AP k™, 350 25 3 Ul B B8 MS-10 19 1
BLEI (TS AR N W L, S5k 333, dJLMAEYIEER R, A & E P2 5k K1
245,221 1, 1 904%,885%,665%F1 6.00% . FA#F G Wikis XA (G) L g B iz K ACHE (1) 55 1)
SERI, MR AR R R R R A I R e BRI B, 25 A DR T Bk MS—10 T 7E A 4
AIAE Y S ARG 6, X EMEY  BESHS R0 BB — 2 o

o e A AR, AR — R R g &4

RNAMIT 541

fit ki i

VB et B SN R S
BRI IE AR

Mt mdt s ARt
WKz KA
iz R A

SRR %38 BAR it

B BRI A AR

3

S, EARES

YIRLEE/ /LI A B R
Yl

BRI, EORME. EEA
THLihEEE R ARt
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I — A sh e T

bl S

{555 S HUR
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PO SO SR OIS R IO O S U S i S e
AW W FEERE RN @ DX 7 A KXW S B DN R E

§ & OO A0 @ o8 TSN ST

¢ & R & I S 2

L M & ) s
& : S
S GO 2% =

GO classification

(b)

b
Ry
sk
itk
e
HERBERPMOED ST
= JE IR
2 PR Ll
w & I LR
& e
E‘j % L ST BRI A G
)
g it @ i)
2o wxmmmraniy K 2 o
) S VIS /1; =
8 ; \% Al YRIAEE7] .
g =
[ e 22w
s 33
1z
4z ) "
SR O KRS
Ak KRR ) ) ) . ) ; ; X . ,
0 100 200 300 400 500 0 10 20 30 40 50
L EH EEPiR e
Gene number Protein count

(d)
(c)
5 E# MS-10 £EE4H COG(a).GO(b) KEGG(c)#1 CAZy(d)IhEE s> KT
Fig.5 The functional categories annotated using COG (a), GO (b), KEGG (¢) and CAZy (d) of strain MS-10 genome
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252 GO FEESHT GO(Gene ontology) H A7 [
PRACARIE, SRS H R A= WA b BE DX S 7= ) s
PERYEE R T RE 7 2R R, GO B& 3 DAEK 41
BN S50 YR AR A0 2 53 D Bk A
B4rFIRE ., BB AR MS-10 A9 751 L& 2 GO %L
it PEHEATFE S U X, e33R AT 14 135 A R
FE, TE R GO B PR X AR A5 i i B A B i
frgeitmds, e mE sh i, HE Sh Al
AR GO B v RS AL, 5 SR M B MS—
10 A FE R ZE A ad B 4 28 v, 4 i T R
Wt AR — A B E R R R R Z
BN 2 264,2 127,954 4>, L ER KD
16.02%,15.0,5% ,6.75% ., 140 M 20 53 1) 43 2 5
AR ZH0EY)—FE A A0 A o A AE S 40
ML#S e AE AR RN 2 By 2 075,
2075,1 124 4, HEFER S 1468%,14.68%,
7.95%. TE45r FUIRE G rh AL IE M 256 F %
A EEOENEERZ 25 A1 984,
1 822,526 4>, i B K1Y 14.07%,12.89%,3.72%,
PR TR MS-10 7EAE WA ML DL K255 5 5%
18 S TG YRR R, A A A R 4 A N A5 1A )
NAERE A B A KB, JF B, WAk MS-10 78 W
R KA 517 DERG R, 1EE S5 S0k
5 QS M IIRE MY 43 2 b 4 A3 T 170 4>
F1 29 ASTEREAF B o X AP 20 A0 1 B0 AT REXS B T
Rk MS—10 X T J€¥% 8 77 55 A 1B = S5 4 iy A 58
(R N HE T, Ud W2 TR B R 8 XA ) 1 A R PR B
HEAT 28, 38 2k R 0 R R 3Rk R R Py AR A IR
E B B 68 SR BT F s A, DLAEREIE R
AR E, Mo, 7E TR MS-10 Fy JE R B 2%
BB EIR T R THEFIRNERS ST 45
B BRE DU E S AR S T R 3 414
A BB E A A N BB DR AR SR R SR 137
A X — SR ULET T R MS-10 HA7 — % i A 5%
TEPRE ST, RERSTERAE W TE A E T o
) 32 5 1o o7

2.5.3 KEGG #FF4r#r KEGG(Kyoto encyclope-
dia of genes and genomes) JEHEA T HKAH RS
e fs Bk = B ei 8 i, e T ITA
CLAN e R SL N 4L rh i L R P81, BB T T4
T 240 i P ) S AL 7 ) s AR, A i 7= ) 1)

AAEWYFINHER, KEGG Pathway 45 % /& KEGG
R AZ OBl TR R A B O A T 26 O HOR
R BN RRS, i
BLAST %4, ¥ B bk MS-10 (% & (1751 1% =
KEGG B i gt 47 Hoxt, AR 3k 4 % 2 11 7 51 114 1)
5 Ko R TR 7 FE AN TR (R A B |, e
P XS 4 R AT TR GE I . TERI R MS-10 1Y 5E
A, JEA7 2 109 42 N 7515 KEGG PERCTE
BERLY), i SRR Y 44.29% , PR MS-10 1
KEGG 1R #% 53 28 Wl Sc, FE DR 434 78 AR
0 28 b i = BE R 1 A LA K i K Ak G W 1 ARG
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WA R 28 5 A 1 19 IR (RiPP-like) 2[4
W 5 2% (Aryl polyene cluster) & K % A 4k
i )55 T (Redox—cofactor ) F [H 7% B— N Ik it (Be-
ta-lactone containing protease inhibitor) & [ #% |
LAP[Linear azol (in)e—containing peptides] & A %
F1WE Bk % (Siderophore ) 5 [H 7%, 55 3 2 M5 & — Ff
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Fig.6 Siderophore gene cluster from strain MS-10 genome and similar known gene clusters
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5524 4 A5 8 W

A R A AR I MS—10 4 & B 40 5 B 5 b

465

F1 Bk MS-10 EFA RN EEEREXER
Table 1 Predicted quorum sensing genes and related genes in the strain MS-10 genome
AR5 % AR 4 AR AR/ K E/bp KR R W45 E /bp
BEIR R B tral 2 496 20 4 A5 o He Bl 26 842~29 337~
traR 213 e R 23 382~23 594~
csgD 1275 WA AT &G, LuxR R#% 20 033~21 307*
malT 783 LuxR R #% % 58 % 3% 155997~156 779*
sdiA 336 DNA %5 & 45 F 3% A 127 790~128 125*
qseB 684 vy R % 270 955~271 638*
gseC 1326 L oA B 5 4 BRI B 271 635~272 960"
rbsB 954 ABC A ¥ K32 A 40, SN B3R & 153 306~154 259+
LX) i3 pstS 987 B L ELEG 28 964~29 950~
pstC 2286 BrBR AR AL B MER G 26 461~28 746"
pstA 1671 ok E R RK MR G 24 775~26 445~
pstB 834 B AR B ATP 4 46% 4 23 786~24 619~
pholU 762 Brin 3 B FGR T B 22 939~23 700~
phoR 1323 Bk 2 A S 67 014~68 336"
phoB 693 BB BIATHZAT RS 68 381~69 073~
yedT 1581 c—di—-GMP 2R AL Bl 25 867~27 447~
pleD 1989 c—di—-GMP & & B 8 056~10 044+
gmr 1668 B B = B 15 292~16 969*
algA 1443 HERLAEMNERES 62 552~63 994*
algQ 471 HRAFEG 34 758~35 228"
alg] 1149 HERLAEDNESRES 16 369~17 517+
E ENN &) fuiD 1362 EE IR 2 166~3 527*
JiS 390 E &) 3624~4 013*
JuT 294 EER R 4 030~4 323+
JUE 333 WEH-AKRLEEG 8 947~9 279*
JukF 1785 Yo £ KK M 3RE G 9295~11 079*
JiG 1029 BELZXFXEKG 11 066~12 094*
JUH 759 e EMEERG 12 095~12 853+
fi] 453 wEMEERG 14 208~14 660*
ful 492 b EN PR ] 18 259~18 750*
JiM 969 qELZXFXEKG 18 760~19 728*
JUN 465 WELEXFXEZA 19 787~20 251+
S0 435 wEAMEREG 20 252~20 686*
fuP 744 BEAHESREZE 20 686~21 429+
fiiQ 270 BmEENHS R 21 434~21 703"
JliR 783 EAHESREZE 21 704~22 486*
fhA 2136 wEAMEREG 31 009~33 144+
flhB 1137 EAEHESREZE 22 489~23 625*
motA 852 WEEZEFHEEG 18 337~19 188*
motB 987 He2iZHEA 19 192~20 178*
ok ik F AR fecA 2025 R T TonB 4975 4 & 18 16 663~18 687+
luc 1782 lucA/lucC R#% %4 Z 2 Mo mE G 19 958~21 739*
rhbC 1761 Sk AR 22 863~24 623*
pusk 1185 I 2 5% 82 vk v% &% (PLP ) 4R 1 B 24 620~25 804+
mfs 1443 MFS #iz % 26 700~28 142-
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(8% 1)
EE % EB ok EBEK A I JE B 12 /bp

Eah sprT 630 Bl e & G 61 85262 481°
clpX 1284 ATP 4 # Clp & & 8% 68 030~69 313-
aprE 1311 ®HEas 71 295~72 605-
e 873 BN £ L B E O 71 768~72 640°
lonB 2439 Lon Bt 83 400~85 838"
i s pldB 942 i o B N B 35 557~36 498*
mell. 945 S i B B B 35921~36 865-
pleC 1677 s 20512-22 188-

lip3 2031 T 5 107 419~109 449+

lip$ 882 7 B 223 959~224 840"
R cheA 2310 ARE G LR M AR £ 13 974~16 283-
cheY 1011 HAG R G -5 AR Tk B 12 967~13 977-
oS 1005  RNA B4 o BT 44 45245 456"
relA 2256 GTP 45 5 sk i 45 364~47 619"
ahpC 564 A A 31 866~32 429*

sspA 618 ERRE G A 204 870~295 487-

sspB 414 = URE G B 294 439-294 852

cusS 1380 LA A B L AUBL M 264 619~265 998*
merR 411 MerR % # 2 8% % 23 684~24 094*
espA 210 T EAREY 96 123-96 332"

espC 213 A E G 161 486~161 698"

espD 279 ARG 130 410~130 688"

=" RN N 3 IR IT R s+ R R SN 5 ST AR

R . PhoU A FIAL T ML, 2 Pi R
538 9 7R 1 R X PhoB iR K AR 11 Y A
1% Ak LA K Tl TR 1] 15 76 v W R R PR 05 b i R 4
BREEM ) TS H PR (Cyclic diguanylate, c—
di-GMP)/E RS 2 (540, A0 T 2 (9 atl & ok A2 4
Mz 3l YR L B ) Rk AR, 7E MS-10
HREIN B c—di-GMP A5 AR 5 B2 v O 5 i 1Y
RS IEN A4 c—di-GMP R ALEE .c-di-GMP &
G e RO R TR, SR B MS-10 T AFAE c—di-
GMP V4538 #% . 76 MS—10 J& [R 21 ik & Bl — 2L iff
IR ER A LN AU FE AlgA (AlgQ £l Alg), 7E4: )
FETE W00 B B B, e B i T R AR A B T4
GRAE A, O EL VG 58 2 Ak R0 B8 26 i A1 85 (12 B )
ARE AR B T 44 A ) R HLARR i MR

263 MEEGMAZS)  HEE ARG IK 3 40 i o)
e BT A 3R B A A o, S e A
FBHE R R 2L, DA A B 4H TR A A Ok B2
HIEHE ST o 7E MS-10 H 5 HEF 5 BURZ AH C /Y
S K AL 45 fiD/S/T/E/F/G/H/] fliL/M/N/O/P/Q/R fI-

hA/B .motA/B . FIiF 5 8 BT i 7§ 6 0 4 2
JELSE RS ) m TR A T A ) S R R R T (-
hA FIhB FIiP \FliQ .FliR 1 FliO) HI 0] i ¥ & H
(FLiL FIiH \F1iJ) J& B #E & Y % i 2 % s MotA
MotB &5 5 8 (1, 5 FLG FLM FLiN — i A4 i #f
B 2B, 5l HE i ol 1T R e 2 152 3
(77 [ FH R IR B

264 WEHRERAEH W4 COG.GO KEGG %t ¥
J2E 114 B PR R 235 SR 0 T DA B R AR 7 4 B T R
U 45 S, B S A P MS-10 SRR & —
205 BN R IE P 51 58 4 AR 7] 1) W8 Kk 3R A gk TR A
MENTERR G LG WER, R
FEARIER A 2 605~2 615 7 LK, AU fecA |
luc .thbC posE B mfs . B 3E 7% 28 H 741
1% % NCBI 8048 JE 64T Blast Hoxt 5030 , 25 5
B 7 iR, ZadBlast X455 HR 5 GO.COG,
KEGG %5504 P i B4 SR AR IR] . H HTiE W 4 5 i
WA BR RGN, R E Mg
BRE (45 TR AR TE A B8 o B B0 0 58 A A 5
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Jili i 58 45 BT (Neisseria meningitidis)
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AT N Bk LR 7
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Fig.7 The Blast analysis of siderophore biosynthesis gene clusters of strain MS-10
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Fig.9 Changes in total viable count (a) and TVB-N (b) of tuna inoculated with MS-10 during refrigeration
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Abstract

To analyze the environmental adaptation and spoilage-related genes of Pseudomonas fragi, and to provide a

theoretical basis for the subsequent study of its spoilage—causing mechanism, spoilage bacteria were isolated from spoiled

frozen tuna, and the isolates with quorum sensing were screened using Agrobacterium tumefaciens KYCS5 and then their

secreted AHLs were detected by GC-MS. The strain type was determined using 16S rRNA comparison and ANI analysis.

Gene function and annotation were determined by sequencing the whole genome. The content of siderophore secreted by

the strain at different temperatures was measured by CASAD plate and UV detection. The changes of total viable count

and total volatile basic nitrogen in frozen tuna inoculated with MS—10 were detected, and the putrefactive ability of MS-

10 was analyzed in combination with the spoilage metabolite yield factor Y gy Results: The isolated strain was P. fra-
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gi, named MS-10, secreting quorum sensing signals, mainly Cg—HSL and C,—HSL. Its genome size was 5.25 Mb, with
58.2% GC. Comparison of multiple databases revealed that the gene functions of MS-10 were mainly focused on
biometabolism, signal transduction and environmental stress, including quorum sensing regulatory genes tral/R and a large
number of spoilage —related genes. Low temperature conditions were more favorable for strain MS -10 to secrete
siderophore. Tuna blocks inoculated with MS-10 showed a significant increase in total viable count and TVB-N values
during refrigeration compared to the blank group, with Yy ye values measuring 2.77x107 mg/CFU. Conclusion: P. fragi
MS-10 possessed a quorum sensing system and was a cold—tolerant putrefactive bacterium. It was demonstrated that it
had strong putrefactive potential and environmental adaptability at the genetic level, which could help to further investi-
gate the regulatory mechanism of MS—10 quorum sensing and to provide data support for future research on its putrefac-
tive properties.

Keywords Thunnus obesus; Pseudomonas fragi; whole genome sequencing; quorum sensing; siderophore



