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M FERAKCEEE N ERE I E RN, LRBd o0 2 g AK&RKLEE
Mo B & v B v M A 4R R M R (TVB-N) B ik, JF R R E 3k 4 B 41 5 O ok AT 30 A
ERAFE . HERET, KABEME PFO7 #2 PFO8 24 M A H P & BB vE ik, MER
% TVB-N. ZakWlANF. ARy ERE, 55 PFO7T EF4AKEZH 6.13Mb, GC
&8 614 %, #iliz K E A9 H T o, PFO7 5 PFO8 %0 2L [ 3t 4 980 A4, i 35 B - A
H 516 f1 4704, COG 1 KEGG i B2 7 2 R B W AH A+ 5 5 A AR A M EE 5 &
#, PFO7T M HAS S5 ANE T RENMES . SN WE LR CAZy EHERN, 24
KEBEMEEFRAP R RSB RT KBELIEY ShRE, LETFHAREDMHK
AKUaH FaART R %S RN BT B A LR, FAH ML B R G AprA.
M ABCHEEZ 0B %M PotC. RARSLARMABFSLHNEREO®R. F4, 24k
B8 W 24 A 1poSs rpoN furpoD % ft o B F o 2 B IR LB EME KA BB BE K,
B 5 8 1 B Ak B 4 2 07 R MR AT R OB M 2 S R e R e AR IR Y KO AR R
AR o MRER AR e 2 RIS E N EE T AT RAEREAFFHTT KA
BEMETBIMEARE LM RN TR, A THENER ZHE W RS fo 2UH
LA -

R RALBEE; 2EFANTF; BE; ENK

FEFXRS:Q781; S983 SCERARERD: A

W V2 WU LR 0 114 £ A 1% 20 2 R A £ S AR TR G
i MR E BN 2 — . TR AR USRI,
ML IS (Pseudomonas spp.) 22 IR K TN 531k 7K
£ 1R T W o IR ML (P. fluorescens)
Je 1 EP T T T T AR R B MR, R 2 TR
UF AT, IR A RIRIE N 25~30 °C, 7 4 °C 1)
REA A, EMLRIAIRV  . PEATSTARIE, R
(Larimichthys crocea). KK & 125 (Oncorhyn-
chus). KZZWF (Scophthalmus maximus) J Y (Silurus
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BIRMEEEENEEGEE, AT T mEE0E .
BUS . T 25 FE B VE ) 4 T LR . Andereani 25
o H R A AR BT R IR SR i R (R R
TR f18 R 5 32 DRI 5 0 A LA 52 35 9 YA o B v 7
ORMWETERN . Li %5 8 TP 0 A LS
B (Shewanella baltica) 128 14> 35 2H I J5 3 B2 0%
RS L mE A A ¢, % = AR
AR S R A A 55 A BORE G ) AR & AR A G
L R DA R R e s B T . ek A R B WA
SEE R E LT L DUAH G4 3 DR A %) A AR
S HEA, RSN R Rk e HOR VR R ER R, il
FERAE B HEM L RECH . DhRe s LH,
A, I B i PR 4 2 b ) o A0 3 PR AT R
LIHLE, FTLRAYA SR FEETE), DUE
TR T ffFE R R As X 67 1k 25 (i o B AR AE AN
[F) A 285 R T it i HC G AR ) O o

H i, NCBI ¥ 12 B2 A 3 K 41 58 A & )
BUB TR M 2 30 Bk, >k AR FIACE K
ZROESr B BE PFOS. JET UL, AHFSE LIS WK ¥ i
S B IPECR AN EE PFOT W4, HAHX 2 ki
VR D CRP AR A P BUB M, a4 PR A AR
19 PFO7 TEAN A FE A st A 205 8., FIH LE LR 4]
SEERGT 2 MR T BB N ER B N 3 R A A A B
TE Ay fof T 0 BPE T E K = £ 28 5 5 45 78 v B AR
FHBLH B2 HEER I S A

1 MESTHE

1.1 EHRREFFEH

PECAB B T PFOT T AR 4315 11 ¥4 oK A J5 T
KEi ", FH)5 NMDC60033463, HiA 528 =
1598 . FECAR I I PFOS T 4K FH ¥ A2 il et o
A2 HEW, NCBI 2% /7415 ) NZ_CP032618.1,
K 2 AR CREE Y 2 AR S BRT TR R 320 T TSB R,
25 °C #EJK (180 r/min) 5 T#ELLIG 1L 24 h,
T AL TR T SO 3 R 4 JE AL

1.2 kE&THH &

SEEHEEY Nk, TR R
1: 2 Hefilhin AHr i KB 8 NS5 0K, Yy
FEHLAAFT A WS A B 5 min, B0 UEE
B WM Y pH 4 6.8, & 100 mL |- ¥ W&
A 1.6 g EAL=H I, 40 mg L-FHR4ER A 40 mg L-
LR AR, 121 °C = KB il £ T fif K ¥ 0
K,
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1.3 &t EBEFM TVB-N UE

B CIR B PFO7. PFOS 43 %I L) 10*~10°
CFU/mL #£F FHitrh, BT 4 °C &M T IV .
B 0, 3 17 d Agfadt 1.5 mL , B0t g
J5 2 BB UE AR B R E | AR YE, JES
18 GB/T 5009.44—2003"" J5 1 fA) 2 f i 2 0
JEfYETR TVB-N A, #95 mgN/100 mL Ayt

1.4 HEFBMFS5HEE

1 PFO7 #:Fh % TSB, T 20°C }i#% 18 hJm,
W B % B0 7Y B 2 mL, #% R FastPure Bacteria
DNA Isolation Mini Kit DNA $& HUR 5 & (B3 52 ¥
WMEVELE IR FRA WD) AL BRFEFT DNA $2HL, R
F NanoDrop 2000 (Thermo Scientific) 4% R ¥k F& 45
DA & DNA FE G R E 540 . BT & 20K m)
o R DGR B T DNA AR HE R 21 /N Fr BE SO
(350 bp), K Illumina PE150 & #4743 H 20
M, 43 5 FastQC. Trimmomatic F1 BLESS %X
X UG K s o i FE AT WAL PR L BB R S
reads & IE . {# i SOAPdenovo F11 GapCloser %X 1
PEATHE N AL 2% 5 MR . i1 SSPACE # Rt 4T
FE TR 4 scaffold 745 . 4 T Jk PRI 20 At 2 Al T
YE AL st AR BOE R B A FR2A w58 1o
1.5 EEFNSIhEe TR

JH geneMarkS #E47 A% A= My FE A F00 , i
Rfam, RNAmmer Fl tRNAscan-SE #X {4 7 ¥t 4= %k
PRIZHARAE . PN Y 25 1 i@ 3 Clusters of Ortholog-
ous Groups of proteins (COG). Kyoto Encyclopedia
of Genes and Genomes (KEGG) F1 Carbohydrate-Act-
ive enZYmes (CAZy) #4170 EEE R
1.6 SZEEBESHEERLER

i 2 Prokka A AT PR DA% L PR A 3 RE
roary FEATIZ FEPIZH 73 A o B A O BE DR 5 2 R i A
G345 S i TBtools il 5 B . F 8=
FEFMEA TS, AR, it Ubuntu
A BLAST #E47 blastp FLXF, i H 45 5 e-value
{E} 1107,
1.7 BURSHR

57 e AR TVB-N (R 3 21,
K F GraphPad Prism 9.0.0.121 %4 3547 %048 43 A
JEVEE, KA SPSS Statistics 20 2K {4 ) AVOVA
AT I 00T, P<0.05 FnA Gt F R E LR,
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2.1 FEHBESEMF TVB-N F R

2 BRDE AR A TR 7 VA R A0 T P A B TS
A TVB-N L Zry 28 L an &l 1 fr 7, PFO7 5
PFO8 E FABHE PEAEV AT 3 TIGKIE0E, et 3~
TR EHE I, 57 KB4 51EF] 19.54 1
23.54 % 1A, PFO7 5 PFOS 7E55 0 545 3 K

30

Y5 R 1 2R %/ (mg N/100 mL)
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B, B RS MG W 25 5 (P>0.05), 55 7 KA
PFO8 Z& 1 fiff 1% 1 . % = T PFO7 (P<0.05), TVB-N
Shy £ PR Dot R e R R A S B S P R R
fETE UM AR B, Bl TR IS I P[] 22 4 T 25
SIS 2 MR AR PR B AE Y2 AR 0~3 KIS TVB-
N SRR BZE, BRECGE 3~7 RELRHEF Mk,
% 7 K PFO7 ) TVB-N {H 5. % & T PF08 (P<0.05),
A3k E) 12.37 1 10.4 mg N/100 mL (& 1),
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I rro7
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10 na
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m c c
Z d
= d
5
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0 3 7
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1 2HISEREMEALHETTHERRELS TVB-N L

NG R A A E I LR, AN E T RER R R E R (P<0.05)

Fig.1 Changes of proteolytic activity and TVB-N value of two P. fluorescens isolates in refrigerated fish juice

The lowercase letters in the figures are the overall comparison of all time points, different letters mean significant differences (P<0.05)

2.2 EEE—RREFIEST

PFO7 B AHAH KTl 6 128 761 bp, HE
TEECH J 64, GC & 61.4%, ZuhL 5573 4,
tRNA 60 4,

23 ZERBASR

1Z SR AT LAy MO FE R A M Bh S R 4
F2% 0 3 R B A T A AR S ) — A RN
117 %l B 356 PR 2 R A7 A T A R TS S A A
R — I . ORI PFO7 55 PFOS B
BRILFIF] 5 966 MHEH, HApZ L IFF 4980
AN, G TR R R 83.47 %, T B 3 R 43 51
R 516 F1470 4>, & 2 BRE RN (& 2),

24 COG BEnth

COG (Clusters of orthologous groups) 5 i /% 2
X 5 R P AT R VR A3 2 Bds 1, U0 B R [
JRFER e B A R AT A T DI RE I R
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Fig.2 Pan genome of two P. fluorescens isolates

VeI G B R PFO7 B9 A% 0 3 R COG TE RS>
FanE 3 fias, B BT RE TN -5 A HE 3L
Hb, O HE R L (G ET 3 1520 [B] E AR
s, [P] LB T s R LA & [C] Ak AR
e, Forp [E] AR b ok, ik
3| 14.4 %, 7E [E] @AM, PFO7 5
PFO8 fi-F 1 3 1~ COG B2, 41531 COGO765
(ABC B S BTk s i2 R 80 . BB M4 4> HisM),
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[K] #5%  transcription
421% mm 3.85% [L] E#], ELAFEE replication, recombination and repair
4.84% [M] 4 BE/ /W B ZE P A B cell wall/membrane/envelope biogenesis
A 2.67% [N] 4liffliz3)]  cell motility
4.84 6.79% - %
[
[
[
[
[
[

KRB ED &

A]RNA B Tf&1fi  RNA processing and modification

B] Yk gE My fIZ) /)% chromatin structure and dynamics

C] it R4 energy production and conversion

D] 4 ], 4 or 2R gtk 3 2¢  cell cycle control, cell division, chromosome partitioning
E

2.90% [F] #ZH Rz # nucleotide transport and metabolism
G] WKL &%z carbohydrate transport and metabolism
H] 45512 F11%  coenzyme transport and metabolism
1 g Wi#i84C  lipid transport and metabolism
1 EHRE . AEBERZERIRIZEY) G K translation, ribosomal structure and biogenesis

N]
O] B 1a1. EAFRPTSAEIEEE  posttranslational modification, protein turnover, chaperones
P] EHLES #2401 secondary metabolites biosynthesis

] , HIEHIH secondary metabolites biosynthesis, transport and catabolism
] FELYRETM  general function prediction only

RHINEE  function unknown
1 {555 S HLH signal transduction mechanisms
1A EE . i FIZNIZ%T  intracellular trafficking, secretion, and vesicular transport
1 H#EAIMLH]  defense mechanisms

3 TORREBEE PFO7 #Z%0EEE COG

Fig.3 COG classification of core-genome of P. fluorescens PF07

COG3283 (JFArEa IR, FeskE I+ TyrR) .
COG4215 (ABC BUNS E ik iz 250, BB Y,
ArtQ),

X} 2 6B B B PFO7 AT PFOS Y it 47 35 [R] ik
17 COG B, #5R A&, PFO7 HH4lH 516 4
MUERRERE RS COG By 19 N IhREZ S, [P] AL
B i 2, RO [E] /AR i
RS (L) & H . E4LREE . T PFOS KK 4
470 MR B R COG 1y 11 DThReE g,
BEAZEN [R] EZDIRETI S [S] A HE I H
BiltRe s, HAREFONIEHEE /N 5 (B 4).

2.5 KEGG FIBoth

KEGG (Kyoto encyclopedia of genes and gen-
omes) f&— M 4E G FL P FIE AR 73T Yifig 5 40
FELFNAG HUAAR 1) e 2 DI e A B HE R U, T T2 A
2 4) R At v 3 1 SN 9 A A A R A
FRARMEE 1 BIR, 2 PRI B i 5 A
W N i 2238 PR 0 3 S B R A . oKL AR
TR0 2 s A A o 3 O M P R 5 1Y) 2
LR AN KA S AN S I E RE A O, A
TR BB R RE A A R R £ A o e AR B
SEZ R A i, AT BO B 5 s 1Y
AR R AN, 7E 10 B, PFOT AYFE A
Ktk /b T PFOS, T 4 i1z g M aE i 00 L I 2 T
PFO8, 5L Ep I T 1) BUR RE ) 22 St 23 32 31 ]
PR B S R R R B 5

20301 2 RO IR KEGG TR
(1) 28 B R AT B AH DG EE K . PFO7 Zd SRR AR
ZH5RENRZ M NEER . 5o AR5 2 R
fiimts, HWOH IR . 22 % WM AR
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1M PFO8 "2 5N e 2 00 0 H &R . 22 AR
SR, HUOTF b2 a2 (5 5).

L 25 mPFO7
<_ Gé 20 PFO8
2 (]
< 15
= o
=25 10
°
WE s

=)

0

1 3 5 7 9 11 13 15 17 19
Dhae
functional categories
4 2HIEREREIRFERE COG TR
1. [C] Re R SR 4, 2. [D] ANA A I . 40 2 SR Gy fa i
53, 3. [E] @EMFLIEH, 4. [F] R BRFEEARU, 5. (G B
KA G B, 6. [H] Wil AARM, 7. (1] TRy s,
8.[J] BI¥E, BMEIRAMAEME R, 9. (K] Fx, 10.[L] Z#,
EALAMEE, 11, [M] A0 M BE /R R AR P A, 12, [N] 4l iE
3, 13.[0] M5, EAMRFBMEBED, 14 [P] LHLE
FRBRUE, 15 [Q KB WW AN A L, Fig MU, 16.[T)
FORSNEL 17 [U] MR EE . 2 WAVNEE, 18, [V] kA
BLE, 19 [R] EZIhBEHI, 20. [S] K HTyhE
Fig. 4 COG classification of unique genes of
two P. fluorescens isolates
1. [C] energy production and conversion, 2. [D] cell cycle control, cell
division, chromosome partitioning, 3. [E] amino acid transport and meta-
bolism, 4. [F] nucleotide transport and metabolism, 5. [G] carbohydrate
transport and metabolism, 6. [H] coenzyme transport and metabolism, 7.
[1] lipid transport and metabolism, 8. [J] translation, ribosomal structure
and biogenesis, 9. [K] transcription, 10. [L] replication, recombination
and repair, 11. [M] cell wall/membrane/envelope biogenesis, 12. [N] cell
motility, 13. [O] posttranslational modification, protein turnover, chaper-
ones, 14. [P] inorganic ion transport and metabolism , 15. [Q] secondary
metabolites biosynthesis, transport and catabolism, 16. [T] signal trans-
duction mechanisms, 17. [U] intracelluar trafficking, secretion, and vesi-
cular transport, 18. [V] defense mechanisms, 19. [R] general function

prediction only, 20. [S] function unknown
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x1 2B EMAE KEGG 18
Tab. 1 KEGG classification of two P. fluorescens isolates A~
- - — P

Datvay secondary fancton PRO7PrOS
FBRAE metabolism FAEMAU  amino acid metabolism 209 280
BRAKWAE YR carbohydrate metabolism 194 240
55 B AT environmental information processing J§i#%iZ  membrane transport 185 210
553  signal transduction 143 176
ANZEFF human diseases {25 P: PUKHZ§  drug resistance: antimicrobial 41 42
FEY%95: 4B infectious disease: bacterial 25 30
4ifid 2 cellular processes 4NMIBEYE  cellular community - prokaryotes 90 99
M cell motility 61 56
BE(E B AEFE  genetic information processing #H1%  translation 69 83
SHIFMEHE  replication and repair 41 54
HHUARRS organismal systems W RS0 endocrine system 19 22
WEEERPE  environmental adaptation 18 18

50 [ = PFO7
< é 40 | == PFO8
A
i o 30 |
ﬁo
B 20
iié%é 10

12345678 91011121314
Rl
functional categories
Bl 5 2HAREENE KEGG TR ERRIH I
LNER . REERMBEARNAW, 2 HERANHERAW, 3.8
BIREM G, 4 FMARMEZARNY, 5 HER. 22BN
HERRW, 6. AR, 7. AREWE R, 8. Ba BRI,
9. RNAMMAY, 10 FWER. MEARNCEREWER, 11.6
AW, 12, AR, 13. AR, mEARNEISEAREY
BHG 14 AR SRR R SRR R
Fig. 5 Amino acid metabolism in KEGG classification
of two P. fluorescens isolates
1. alanine, aspartate and glutamate metabolism, 2. arginine and proline
metabolism, 3. arginine biosynthesis, 4. cysteine and methionine meta-
bolism, 5. glycine, serine and threonine metabolism, 6. histidine meta-
bolism, 7. lysine biosynthesis, 8. lysine degradation, 9. phenylalanine
metabolism, 10. phenylalanine, tyrosine and tryptophan biosynthesis, 11.
tryptophan metabolism, 12. tyrosine metabolism, 13. valine, leucine and

isoleucine biosynthesis, 14. valine, leucine and isoleucine degradation

2.6 CAZy IS

ik 7K 1k & W 1% T B (carbohydrate-active
enZYmes, CAZy) B8 P22 F 2 % Bets & ok &
43 52 = K AR A W FORE 2 5 0 R S B50HE
6 TEREZE R 7R PFO7 55 PFO8 K& K41 v oy L i
1 B BT e R il ST K R, R
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fip R iR o oKL EYEERER R R Z, 2
FRAGYE IR BN . B ks
VIR F0o0 % OB 7K Al A0 22 MR ) o
RS 5T MY SR, B KRR
IR A 22 M AR R A T

2.7 HEFMIMEMZHEXER DT

2 MRS CIBC M B & Z R EUR LN, 4
kAL G . EA BT 3 A g, D&

WA auxiliary activities
W KA EYEE A carbohydrate-binding modules
W BOKA S YIERE  carbohydrate esterases
LHEZHABE  polysaccharide lyases
PEEF R0 glycosyltransferases
W T K ARG glycoside hxydrolases

100
80
>
<~ N
R
B
> 5
S2 w0
S g
20
0 |
PF07 PFO8
LS
strains

6 2 HRHIRBRE PFO7 71 PFOS B CAZy ;5%
Fig. 6 CAZy classification of two P. fluorescens isolates
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IRBEIE N A G HE R, LT A, 2 ARBUE
IR EEBUSAH I, AN gR A5 a1 4>
JEE BN apr JEH | IR E 1 pot FEIA |
Y h e Wi BERY lip LK . (K op B, BEEHE
pvd Fe K DL BBT I a rpo FED (36 2). 2 BRfa R
A BB PR BB A DG SE [N R BEARARL, 3B AR 13 A
558 5 R A AH S R R S B A

3 i

0 R i B2 AR SR s UIAR G, Ha Al
TR AR PR AR ) 2B KRN 1 5 0 e /g 7 3 fie A s
T ) S PR B S 24 10% A0 i A1 S 1 1Y) 2
HEGR R & 2R, SFEE . =W, A,
CURERN 2, 4-BE IRk, BRI 305 K EE 1
A, RN BT AR R JE T A
TERAEsEE D, REENEME, HEAR
ENRE I, BRI, BRAT A BRI TR R 1 AN
IRBEIE W PR A - Al A BT o s 4R T
P MR, 2 BRORUE T R B RN K5 6T 2%
AR B P 7 2 £ T T 34 3R I AR Y R 1
EPE, S50 il —3.

A5 FE 55 R B A B PR 4 2 v 0 BT TR R
rb S U A PR SE  A ar A Fn 22,
D FE PR 597 56 D2 HE SR T Al T B R 2 A
TR AT PFO7 55 PFOS T MR A% L 3k K 4 L R
ik 83.47 %, MR 2 ARAUR S B AR IR IR AL R 4T
INZEFAK, BOIHNA TS5 J 5 a0
1) 525 DA LU R i, X AT RE 5 9 I e B TR A5 5 1)
BRI YA G . 458 4l 40 A ik B 24
JEAR R R B AT B 2 S ok L&A R 4 e
TIMRPFER, KEGG B H S 5K b5 91t
WA E S T, CAZy MR & BB K
RSP R R St . JI4h, PROT BRIRRY
KL N2 5 THLE i ia g, PFOS i
TR L DR U S 2 S B T e T 5 R A FH R A
% . Stanborough 75" 4% i B AR B (P. lun-
densis) 55 SRR (P. fragi) K ZH L]
2 G B2 AH DG HE A AT BB 23 X 4 2 PR TAT A9 a8t A5 4
P, SRR s 5 ToHLE i i A A G g
KT e 25 R A A B) ARl 22 57

AR AR K A% . BRI KR . RRfdaE 14
VR v A R A R 0 R R o SRS R TR e S
FIH EFBAE Y, 3250 Entner-Doudoroff
(ED) {8} ids 72 43 it i 2 BE S, ED i 12 10 5L A 5
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YT edd. glk F1 gltR (PFO7_ 003695, 003697) %
fih, AU 5 %58 1t 7 % PtxS. HexR. GtrS/GItR
55 GntR 4 Fivke e R RGEIR Y A R
FLRRAEJ BT, B EP B A U 23 A B A0 B U, o0
JUL PR EF 2 o) (9 45 4 1 20, AT B 3 2 LA 2 40
HB - AprA B8 R ARSI A A A A
22—, RFEE A4 R B H R (APR) H aprd-
DEFI (PFO7_001491-PF07_001495) J& A f 7 1
T gmmst, R A RERRUE D A K AENIEY
THFE, A FABAFNAEY, Kbt
YIRS, B b A 0 R 2 A A W R Tl T
R R VI B R R AT IR BN T A . 2 R
1 BRL L P T 38 R 30 A P A AR DG S IR, A4
Hihs ABC RINVHKE W e ic RGEHY potGHI (PFO7_
000779-PF07_000781) FE A | 2 2 BRI 22 il 5
B RRIRIHY sped (PFO7_001898) 5 speC (PFO7_
002214) FE[H o JE e — A A PE A 40,2887 it i G A
FEMFE bR 22—, RS e 00K i (4 T J AR %o & 2%
HA AR ARG . 55 SR R il RIS e 5 B
il 45 22 Bl i A0 0 45 0, 2 BR OB ICBA I E h
PF07 2 5Z AR potF M puuB 3L Z . 5
5 BRI B 4 0 1) 2 1 AR il 2 5 BUIR LA i
AR IR, R
M2 K I B 5 LR B LK A A B, i 4h, 2
PR A ik & B8 A B G 1 AH OC B ] lip4 (PFO7_
002419) 5 lipB (PF07_002420), A 2 ¥k 1 ik
I Rl 1) = LA LA

BB PR R IS | RIS R AR 5 %) S WG e v
TR AN . (03 RN, 1 A B A e
A AR B N FERY, Andreani 51 & B 5 4
B YPGB P TR TR R A LE B IR  BUY orp
W& 500 Z =4, PFO7 Fl PFOS 4R & A 2
5@ @Z R4 YA &2 1Y trpABI (PFO7_002802-
PF07_002804) 5 tpE (PF07_000507) 5 X, #J fig
ZHRE 2EERNEARIER. 550, 2kE T
% B pvdl (PFO7_004924. PF07 005451, PF07_
004258) 5 pvdH (PF07_003088) 45 ™= IR 2k % A X 5k
B, Hh PFO7 pvdl 2EHF £ 14~ Bk v LU
BRBR I SR 45 G Fis gk i/ oy 1, BENTHIF 2
ANFI AR = A, D' A B T T PR ™ A 1 e
MFE R HA = R BB A e 1 R,

WFFEIE e B 2 Bk 5 ' A 2R I 77 35 s 1) 22 b
RNA R 5 W o K+, 4% rpoS. rpoD Fl rpoN.
RpoS & 2 4H B b 227 22 T k30 s 1oy 1) o 2 R 45 R
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R2 IHRFOLRBBENREMEXEARER
Tab.2 Spoilage-related proteins and genes in two P. fluorescens isolates
e Thre E=E iR eS|
function protein-description genes PFO7 PF08
ARG R glk PF07_003696 PF08_004217
carbohydrate  glucokinase
TolE 1 26 W R It K B edd PF07_003695 PF08_004218
phosphogluconate dehydratase
HULH 53 22 0 M L 5 2 GIR gltR PF07_003697 PF08_004216
two-component system response regulator GItR
DNAZ & ¥ 5 40| Al T GntR gntR PF07_005230 PF08_004078
DNA-binding transcriptional repressor GntR
R T pixS PF07_ 001624 PF08_002820
transcriptional regulator
DNAZE & #5615 T HexR hexR PF07_003812 PF08_004100
DNA-binding transcriptional regulator HexR
HHAT TR <5 £ 1 aprADEFI PF07_001491-PF07_001495 PF08_002691- PFO8_002695
protein alkaline metalloproteinase
A EG gnG PF07_002508 PF08_000287
nitrogen regulation protein
ABCHIZHE [ (BiEM) glnP PF07_002618 PF08_000182
ABC transporter (permease)
AN i 3% 7 ¥ YhdP yhdP PF07_002159 PF08_004556
outer membrane permeability factor YhdP
FIHFRABCHIZEA yhdY PF07_002012 PF08_004410
amino acid ABC transporter
2RISR A ATPSS & [ PotA potd5 PF07_000514 PF08_004920
polyamine transporter ATP-binding protein PotA
% i ABC#%12 1 H1751EHiPotC potC2 PFO7_000511 PF08_004917
polyamine ABC transporter permease PotC
JEABCHIZ R AMK S EEA potF PF07_002697 PF08_005425
putrescine ABC transporter periplasmic binding protein PF07_000783
PF07_000782
ABCHRUI A% ke 18 R4 potGHI  PF07_000779-PF07_000781 PF08_005185-PF08_005187
ABC-type spermidine putrescine transport system
BB A puud PF07_000787 PF08_ 005193
glutamine synthetase
y-A R B A A B puuB PF07_000148 PF08_003595
gamma-glutamylputrescine oxidase PF07_001825
Fh R 2 sped PF07_001898 PF08_000568
arginine decarboxylase
LR IR speC PF07_002214 PF08_004612
ornithine decarboxylase
NI P B AL IR 7 il lipA PF07_002419 PF08_004762
lipid lactonizing lipase
RETE (¢ T 5S) 4 F BELipB lipB PF07_002420 PF08_004763
lipoyl (octanoyl) transferase LipB
tBx G RR  A trpABI  PF07_002802- PF07_002804 PF08_000034- PF08_000036
pigment tryptophan synthase subunit
AR IR IR SIS | trpE PF07_000507 PF08_004913
anthranilate synthase component [
WERR R IKIEPE DGR M BE AL AR IR A5 PVl pvdl PF07_004258 PF08_002040
siderophore pyoverdine sidechain non-ribosomal peptide synthetase Pvdl PF07_004924 PF08_002051
PF07_005451
IKIEPER 63 A& 8 E PvdH pvdH PF07_003088 PF08_001974
pyoverdin biosynthesis protein PvdH
IREEIE B, RNAR A BfoF FRpoS rpoS PF07_000927 PF08_005334
environmental RNA polymerase sigma factor RpoS
adaptation
RNAR &K T0-54 rpoN PF07_002145 PF08_004542
RNA polymerase factor sigma-54
DNA$E FRNAR Al W 3p' rpoD PF07_ 000538 PF08_004944

DNA-directed RNA polymerase subunit beta'
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Fi, 1M RpoN Z 58 &0, @ otk fd %
Z R IR, Liu 55 058 & LGB ERITE rpoS
(PFO7_000927) W] 5 X Z2 b [ 31 4% 14 049 i 32 %
AN A =i 22 S PR N TR (AHL) JK-F- . i 5h 2 I
R, B A5 BL G B RpoN R i #4148 |
Pk F AR S R

AW IE R GERAT T MG K 25 £ 43 5 1 2
JEAR A PFO7 FEMEREIR . 25 FT0RIAR I 14 53 ff
fif Ko P35 0 2 19 5 PR s 76 5 10, A NCBI 48 1%
E AT HE R 4 58 WUE RS2 6153 BS bk PFO8 2%,
#5715 PFO7 F1 PFO8 HA 1wy B2 W] 1k o A% 0o BE K 40
i S TR L A v, FLEUB R 1 5 e 4
J& B P A B TR R B F Z AN G . ED iR
AR R . BTG . 0K A AL R % V1A
%, WFERZ W PFO7 FRSRBUS AE 1 192 T
SEhth o BIFTE R S5 M A 4 S K 1 PR 2 5 4
TR R 25 SRR TR R, R SR
BARIHERAE . BUSHLEE AR Bl AR TR
LSREOE S

(3 7 WA A SUT 52 B s A2 B Al 22 &)
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Comparative genomics revealed spoilage characteristics and adaptability of
Pseudomonas fluorescens isolated from fish

LIU Jingcong ', FENG Lifang', WU Shiyuan', ZHU Junli ", LI Jianrong >, LI Tingting ’
(1. Food Safety Key Lab of Zhejiang Province, College of Food Science and Biotechnology,
Zhejiang Gongshang University, Hangzhou 310018, China;
2. College of Food Science Research Institute, Bohai University, Jinzhou 121013, China;
3. College of Life Science, Dalian Nationality of University, Dalian 116600, China)

Abstract: Pseudomonas spp. are specific spoilage bacteria of various fish from freshwater and marine during aer-
obic chilled storage. The behavior of psychrotrophic Pseudomonas is one of the common causes of quality deteri-
oration in refrigerated fish products. P. fluorescens as a typical psychrotrophic spoilage bacterium, is main domin-
ant spoilage Pseudomonas in aquatic product. Whole genome sequence analysis of genetic information is helpful
to understand the molecular basis of spoilage, drug resistance and adaptation of foodborne spoilage bacteria. Cur-
rently, about 30 strains of P. fluorescens with complete genome map have been published in NCBI database, of
which only an isolate P. fluorescens PF08 comes from Scophthalmus maximus. To explore the strong spoilage
potential and environmental adaptability of P. fluorescens, the proteolytic activity and total volatile basic nitrogen
(TVB-N) production of two isolates of P. fluorescens PF07 and PF08 from marine fish were measured and the
mechanisms of spoilage and adaptation were explored deeply by comparative genomics. P. fluorescens PFO7 and
PFO08 showed strong proteolytic activity and produced high TVB-N in refrigerated fish juice. After sequencing,
assembly and functional annotation of whole genome, the length of the PF07 genomic was 6.13 Mb, and GC con-
tent was 61.4%. According to pan genome analysis, there were 4980 core genes in the two isolates, and 516 and
470 unique genes in PFO7 and PFO0S8, respectively. The highest proportion of genes was involved in amino acid
metabolism both in the two isolates by COG and KEGG annotations, while the most unique genes belonged to
inorganic ion transport and metabolism in PF07. Glycosyltransferases and glycoside hxydrolases genes accounted
for the highest proportion among carbohydrate active enzyme in the two genomes based on CAZy annotation. In
addition, many genes of enzymes and related protein associated with degrading various substrates of carbo-
hydrates, proteins, and lipids were founded, such as alkaline metalloproteinase AprA, polyamine ABC transporter
permease PotC, arginine and ornithine decarboxylase, etc. Several genes of sigma factors, including rpoS, rpoN
and rpoD, were also distributed in the two strains. Two P. fluorescens isolators indicated strong spoilage potential,
and had many genes encoding protease and putrescine formation and amino acid metabolism, and decomposing
glycogen and fat, were distributed in the two isolates, as well as environmental adaptation regulators. This work
preliminarily clarified the molecular basis of P. fluorescens with strong degradation of fish nutrition substrates at
the genetic level, and revealed the metabolic characteristics and spoilage mechanism in P. fluorescens, which will
provide a theoretical basis for exploring the spoilage mechanism of Pseudomonas in aquatic fish.

Key words: Pseudomonas fluorescens; whole genome sequencing; spoilage; adaptability
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