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Comparative genomics of defense system in Shewanella
baltica isolated from large yellow croaker

XU Minhui, ZHU Xinyi, CHEN Ziyan, ZHU Junli, QU Daofeng, FENG Lifang

School of Food Science and Biotechnology, Zhejiang Gongshang University, Hangzhou 310018, Zhejiang, China
Abstract: [Objective] Shewanella baltica is a specific spoilage organism commonly found in seafood
during cold storage. To figure out the defense system of S. baltica isolated from large yellow croaker
(Pseudosciaena crocea), we analyzed the clustered regularly interspaced short palindromic repeats
(CRISPRs) and restriction-modification (R-M) system of this bacterium, aiming to provide a theoretical
basis for the research on S. baltica and the spoilage mechanism of seafood. [Methods] The spoilage
abilities of S. baltica strains SB-19 and W-3 were determined. The whole-genome sequences of the two
strains were compared with 27 Shewanella strains, and their CRISPRs and R-M system were analyzed
through comparative genomics tools. Finally, the transcriptomes of SB-19 and W-3 strains in different
growth phases were sequenced, and the coevolution of spoilage-related genes in the two strains was
analyzed. [Results] The total volatile basic nitrogen and trimethylamine produced in the sterilized fish
juice showed that the SB-19 and W-3 had strong and weak spoilage abilities, respectively. The values
of average nucleotide identity confirmed that both SB-19 and W-3 were S. baltica, while the
phylogenetic tree based on the whole genomes showed genetic differences between them. SB-19 had a
complete CRISPR system, while W-3 had an abundant R-M system. Transcriptome sequencing results
indicated that SB-19 had more active metabolism and environmental adaptability in the logarithmic
phase and stationary phase. The spoilage-related genes in these two strains were relatively conserved
during evolution. [Conclusion] The CRISPRs and R-M system in heterotrophic S. baltica provide a
good barrier against the invasion of heterologous genetic information and play a role in maintaining the
genetic stability of species. However, they are not involved in the evolutionary process of the spoilage

ability differences between S. baltica strains.

Keywords: large yellow croaker; Shewanella baltica; comparative genomics; clustered regularly
interspaced short palindromic repeats; restriction-modification system
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1 #REF®

1.1 RIEH

W B 5 Ay FLER T (S. baltica) SB-19 #k KA
TR FTHA 2> B A R K, 2 S A
gyrB FERY I P I, FEARMIEAET—80 °C vk
P U A FUERE W-3 FRIFIRE N A %
R R T A, e R S RIS — 8, LB
WA AT S AR AR AR\ PCR 47
H DNA 275 &0 A % B EAYHE AR AL R)
AR E] 5 R A I 254 Ak 221G
ABRAFE],
12 REXEEFTHPELMHBEESR
(TVB-N)F1 = H fZ (TMA) B ZE

R R B AR 2o AR S BRI S0 5
W R )T LA S Aok 12 1Y
PR IR A, BHLIAT AT H 2 k
RIS U R/ 3G wh = SN S5 ) ol b 7 L A7) | ERZ 371
47 0.100 mol/L FABERZE 1#%(0.056 mol/L KH,PO,,
0.044 mol/L K,HPO,, pH 6.6). 0.020 mol/L A% 1k
—H% . 0.400 mmol/L ) L-¥bt2#R . 0.300 mmol/L
B L-H AR, fJa2 121 °C W IR K E il %
WK K E T KiE by SB-19 #RF1 W-3
Fe B 1%t PP PP T KR K eyt i, &F
4 °C AT SR 5 d, K TVB-N
Az SR A i R, K A Y
TMA Az il R i i 320 5z 00,
1.3 WAEMEERFBANFMEERFRE

W B BT A BLECTE SB-19 kA4 55 [ 26 )
JF RN R R TAERTIAC A BRI 52 A, W-3
PR A S0 e 5 ), LR AR S BT
SB-19 ¥RHEAT, W-3 T TR AR B8 1%t Fh it
AT LB Wi+, FHAE 30 °C #£JK 160 r/min
AT R R, Bl S PR B L R 41 DNA
25 L, Pk Fll Agilent 2100 Bioanalyzer (Agilent

Technologies, USA)X IR Al , st
TR BB B A BN w4 T
WMIFEF-4 4 Tllumina HiSeq2500, FFSIF4E2s
Trimmomatic 34 2:BRAKTTE reads A1 FastUniq 4K
H2EBRHE K reads J5 , H1 SOAPdenovo2 #4-4H 5Pk
PRI A, BEAFRH GeneMarkS #0458 B .
W 2 ()T A FUEG TR W-3 R 1 22 DR 20 0 e s 2
A% % NCBI 8l E(Ki R 5 : PRINAT735119),
4 TIN5 2 Y B 1 BT A S AR (AR R
P&/% COG (clusters of orthologous groups)iff7 Lt
X (E-value<le™), Xt [P HIEA T RETT R
14 FEHHREBR-HMEHNTE

I 1R — B (average nucleotide
identity, ANI)A] FH T VP44 W) Fh i) st % 2 HE MR
. M NCBI i P2 T 4% 27 PRAy LRI @ i) 4
WP, F-5 02 iy iAy FLEC R SB-19 FRFT W-3
Pe—&i#H T ANLERTTE, #ELBRESH27].
1.5 RHELEMIE

KT OrthoMCL KX Fik 29 #Ra B k1
[ SR 20 #r, SRAT MAFFTs )7k T
ZJFH B X, R Gblocks 2 7 2 H 2 741 e
KRS, SR RaxML B2 P RS A T
B, i ] FigTree FEF R HI RGE KB, I
BT BHS BRATRI A HEEY,
1.6 CRISPR RZF R-M RE 74

£ CRISPRs Database %4 J%E (http://crispr.
i2bc.parissaclay.fr/crispr/) s Xt iR 29 #RAFLEC
P CRISPR 4 5L 42 ) 47 (repeats) Hl ] f 5 57
(spacers)FEATTIM , AT A CRISPR i i,
JFAE CRISPRcas++% 4} JE (https://crispreas.i2bc.
paris-saclay.fr/) i — 25 #ff A CRISPR %5 #4 Al
Cas f5 H A9 H . /£ REBASE %4}/ (http://rebase.
neb.com/rebase/rebase.html)F %F Fik 29 ¥k F
IR Y R-M RGEHA TR
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1.7 R RENFERFRIEEE S

W B A LG SB-19 BRI 415
22 S 3R KL K43 B i 01 2 P AR TRV 5 B
W-3 MR ARSI I Y 58 1, HARVETRE S AT
[ SB-19 #REAT), W-3 TE AL AR I 1% R
HEFF LB W7, FE7E 30 °C #£JK 160 r/min
HATIESR , BEIGTEIR G | X EONFY- & Wl
BIR, ] Trizol FEHUANE L RNA . FF 58 H dhE
AYIEAR R A RRAE i MICROBExpress ™
2R (RNA, 152 4ifLAY mRNA, 25 k3715
cDNA, BfijEHIE PE SCEFFINF . A 4%
P82 Trimmomatic X {F ZBRALT#E reads Fll
FastUniq #{F 2B # 42 reads J& , F TopHat 44
PEATHEXT s LRI AR IEZH, F Cuffdiff #i4
T TR 4 3k PR 21 i) 2k BRI b 500 Ao & 1 i
ZERFRIL, WEMAKPRER P<0.05. g
W R B8 ZE ONCBI B E (KBRS .
PRINA735119),
1.8 KJ/KitE

VEHCE 2 1Ay FLIG T SB-19 FRA W-3 B
S EUEAHOCH IR, SR ClustalW #4455
SEIE R GRS LLXT, RS A DnaSP R4 15

) 70
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60A|:|W-3 a
=)
e 501 b
=
:%nlm' be
Z 30r ¢
220 od
"o d !
I d
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2 3 4 5
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AT K/KPY, BT S5 ERGA

2 BREMN

2.1 CETREAEICHE SB-19 #RF1 W-3 #%
NBEENEFHER
Kb A FEEWEAR . AR
ek R MR RFERY R, K& e S
15 AR SE IR 5 oK B BRI o W ™ i 2R
P15 7 J W A v 2 0 A Ry S R IS S v
R, BIAE BHE & PR R B A (total volatile
basic nitrogen, TVB-N); [fif /KL &HF &
M54k = F i% (trimethylamine N-oxide, TMAO),
FLAE JE WO A F R 23 I s 2L AT Rk iy —
Ji(trimethylamine, TMA), # TVB-N fl TMA
(B 2L B VA I 7= 5 BT 0 ) B AR 7
4 °C WRHRIE T, HFh SB-19 s TN
) TVB-N Fl TMA {E 34525 fifs ST [A] (%) 1E 4 1
PR FRSERE N, WiRERD W-3 Bk E T N AYX
2 MNEEI KRR R (E 1), TERERIEEE
3 K, #EMh SB-19 #RIKE TN TVB-N {4
(31.69+3.83) mg/100 mL, #if T 30 mg/100 mL
(R T R Z BEDY s B AP W-3 BRAY KR fa

(B) 50
[ mmm SB-19
CIw-3 a

3} %) .
< = [
T
o
[=9
e}

TMA (mg/100 mL)

[=1
o
(=5

2 3 4 5
Storage time/d

1 EMETREHFIKE SB-19 #£3% W-3 MBI KE KE & T4 K TVB-N (A)F1 TMA (B)

Figure 1

The amount of TVB-N (A) and TMA (B) produced by sterilized fish juice of large yellow croaker

inoculated with S. baltica SB-19 strain or W-3 strain. Error bars represented the standard deviation of sample
mean. Lowercase letters presented significant difference in mean values of the samples (P<0.05).

P4 actamicro@im.ac.cn, & 010-64807516



BHOESE | A 2RI, 2022, 62(5)

1881

THERETROH P Z S AT AR BN B X F TMA {H
ﬁ’ﬁm , FERD W3 BREY I A T ERA TR 2 2 5
K, HAHA(17.41£0.97) mg/100 mL, BEFEMKT
Hﬁﬁﬁﬁ%ﬂ' SB-19 #hi KA. Zhu S5 IR
Koty 40 BRIES 1A FUECTA , LBz
K KEHIT G4 A F R TVB-N (AP Zhu %
AT T LN R Hh 232 HY 14 BRI 1A FU IR
B, HAZ AP K NN IR S R By 7 A A
7] TMA fHAYBEG , 3150 IR 2 (0 1A BL IR AT AN
6l B B R LA AR EUR RE Y, Az,
W B Ay TUEC A SB-19 #RA1 W-3 B4 2%
SRR RE 1 B TRAR AN 55 BB RE T TR o

2.2 29 KFRKEHEFEABLLR
W B S LR T W-3 RRIE R4 59 24

R, H GC &8N 46.23%, 5 SB-19 kY
46.27%4%3T . 1E Dikow X7 FU G B J& P 40 B ik
RIZH [P RN R G R B R Ry 564k B, M
NCBI s J#E P T3k 27 PRE 5¢ 5L 40y
147 BLEC B Xt 2 (¥ A BO G B W3 BRI 3%
PIZH#EATVE RS, 35 SB-19 #RA1 iR 27 ¥Ry EL
R HLRITEAG A s 1% Z e IR i —
HAIE(ANDIH B & e U R4 28 0 — N8R, —
AR WA E] ANT {H>95% K [F]— el # 7
s Jain SEXF 80 /24N A% AE W L AL A 743 #

KB ANT {ELH) W7 4 HEA 5 = 1K 99.80% !, FEA
g, A IS 1A LIRS R AE—E, ©
I8 ANI {4 95.87%-96.40%, H. SB-19 ¥k
W-3 ¥R Z I [) ANT{E R 96.43% (& 2), X

S. amazonensis SB2B
S. baltica 128
S. baltica BA175
S. baltica CW2
S. baltica OS117
S. baltica OS155
S. baltica OS185
S. baltica OS195 -
S. baltica 0S223
S. baltica OS678 -
S. baltica SB-19
S. baltiea W-3 7
S. denitrificans OS217
S. frigidimarina NCIMB 400
S. halifaxensis HAW-EB4
S. loihica PV-4
S. oneidensis MR-1 =
S. pealeana ATCC 700345
S. piezotolerans WP3 4
S. psychrophila WP2
S. putrefaciens 200
S. putrefaciens CN-32
S. sediminis HAW-EB3
S.sp. ANA-3
S. sp. MR-4
S. sp. MR-7
S. sp. W3-18-1 1
S. violacea DSS12 A
S. woodyi ATCC 51908
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90
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T T
B9 AR ol XN ! Ak
I SRR R
QQ’ CNNAVAR RO CZ@, %“'\"o A PANE
o %\c AR ‘\\ R 0\ \O\e‘iog@\g&;&:&f% SRER
\01/ % 56 %‘0%‘0 ’0 h _ \\ -\\ Q,\x @\0 P \%\:‘\'\}“?ﬁ‘\;}“ 5\\\%3\
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Figure 2 The ANI value of 29 Shewanella strains.
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ARSI B SB-19 #RAT W-3 PRI i 1)
v TUEC TR I 43 B bk o

Ry it — 2043 B A B LK R e P 240 TR ) A s
FEasty, ASEIGFET 29 WRAM T 1Y-4: L D 200
IR HERGEEWE 3). WP A LR
BB IR A —AN4337, SR SB-19 #RAT W-3 #EE

0.003 8

HARRERE R, MiEn/mxn < ETM
Ui, X PERFAT: W AR FCRTE A AN R EUE
REJT RIPRIAI B et A (5 BAFAE 25 57 o HET ™ AE5E ) -
JE T B TS Ay PUEC R TE AL AR R A
Al PR B B AL A 22 57, SEOMNIGE LR
NRRRFERIAIF], AT AR R B RE 1 2

0.001 5[ S. sp. W3-18-1
0.003 6 S. putrefaciens CN-32
0.007 |
- 8. baltica SB-19
0.0017
000576 5 palrica 05185
0.001 2
0.005 4]y S. baltica OS678
0.001 t
S. baltica OS195
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0.0055k S paltica BA17S
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0.005 3 {g altica
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.054 80.011 9
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Figure 3 Phylogenetic tree based on genome-wide protein sequnces of 29 Shewanella strains.
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2.3 29 FRIKEFEMAN CRISPR #9957 SB-19. S. putrefaciens 200, S. putrefaciens
1% CN-32. S.sp. ANA-3. S.sp. W3-18-1, Hi4x 21

Xt 29 #RE 2SS AT OIS I A B RR AL SRR . 0 T IX [l 8 i 75, L
i ILECI CRISPR £ HEAT /(R 1), —3Kk P B A K —50G 16 11 B2 i
B 122 A~ CRISPR JEfL, HA A 8 MRIE&AH  ZRICE Y, LS. baltica BA175 F1 S. baltica
11 4~ CRISPR EJEAL, 43514 S. baltica OS185.  0S185. S. baltica OS195 il S. baltica 0S678 L
S. baltica OS195. S. baltica OS678. S. baltica . S. baltica 128 1 S. baltica SB-19 X 3 %} &4

#z1 29 %A ERKEAN CRISPR 5%
Table 1 The CRISPR loci distributed in 29 Shewanella strains

NCBI accession Number of Number of cas Type of cas

Strains number CRISPR loci® Number of repeats” genes gene’
S. amazonensis SB2B NC_008700 0+5 242424242 0 none
S. baltica BA175 NC_017571 0+3 24+2+2 0 none
S. baltica OS117 NC_017579 0+2 2+2 0 none
S. baltica OS155 NC_009052 0+2 2+3 0 none
S. baltica OS185 NC_009665 1+1 2+84 6 I-F
S. baltica OS195 NC_009997 1+1 2+52 6 I-F
S. baltica 0S223 NC_ 011663 0+1 2 0 none
S. baltica OS678 NC_016901 1+1 2+47 6 I-F
S. baltica CW2 NZ_CP028355 0+5 242424242 0 none
S. baltica 128 NZ_CP028730 0+3 2+242 0 none
S. baltica SB-19 PRINAS553343  1+6 2+2+45+2+4+2+2 0 ND
S. baltica W-3 PRINA735119 0+1 2 0 none
S. denitrificans OS217 NC_007954 0+3 2+2+2 0 none
S. frigidimarina NCIMB 400 NC_008345 0+3 2+2+2 0 none
S. halifaxensis HAW-EB4 NC_010334 0+8 2424242-42+242+2 0 none
S. loihica PV-4 NC_009092 0+2 2+2 0 none
S. oneidensis MR-1 NC_004347 0+5 2+2+24+2+2 0 none
S. pealeana ATCC 700345 NC_009901 0+6 24+2+24+2+2+2 0 none
S. piezotolerans WP3 NC 011566 0+5 2+4+2+2+2 0 none
S. psychrophila WP2 NZ CP014782 0+8 2424242-42+242+2 0 none
S. putrefaciens 200 NC_017566 3+2 28+22+2+2+86 9 I-F, 11I-B
S. putrefaciens CN-32 NC_009438 1+2 82+2+2 3 I-F
S. sediminis HAW-EB3 NC_009831 0+9 242+2+2+42+42+42+42+2 0 none
S. sp. ANA-3 NC_008577 1+1 2+6 0 ND
S. sp. MR-4 NC_008321 0+2 2+2 0 none
S. sp. MR-7 NC_008322 0+1 2 0 none
S. sp. W3-18-1 NC_008750 2+5 34+24+242+26+18+2 6 I-F
S. violacea DSS12 NC 014012 0+12 24242424+4-+2242+2424+2+2 0 none
S. woodyi ATCC 51908 NC_010506 0+9 2+24+2+2+24+2+3+2+3 0 none

a: the number of CRISPR coli, including real and qustionable loci. b: the number of repeats in each CRISPR loci. c: the number of
cas gene: ND: real and questionable loci, but no cas gene was predicted; none: only questionable loci were found, and no cas
gene was predicted.
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F: —ADRIF(E 4A). —RK—/NILIER(E 4B) .,
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Figure 4 Prediction of RNA secondary structure
of repeats in CRISPR locus of Shewanella. A: single
large ring, predicted from NC_ 017579 2b of S.
baltica OS117 strain; B: two rings including one
large and one  small, predicted from
NZ CP028355 2b of S. baltica CW?2 strain; C: three
rings including one large and two small, predicted
from NC_017579 5b of S. baltica OS117 strain; D:
four rings including one large and three small,
predicted from SB-19_4b of S. baltica SB-19 strain.
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Figure 5 Schematic diagram of CRISPR-Cas loci distributed in 6 Shewanella strains. The black and red
arrows indicated genes in different DNA strands. The blue diamonds indicated the repeat-spacer sequence.
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Table 2 R-M systems distributed in 29 Shewanella strains

Strains Type I Type 11

Type 111 Type IV Total Note
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Figure 6 Comparison of transcriptome sequencing
of 74 genes related to the spoilage of S. baltica
SB-19 and W-3 strains during growth stages.
SB-19 log and SB-19 stationary indicated the
expression levels of 74 genes related to the spoilage
of S. baltica SB-19 strain at log phase and stationary
phase, respectively. W-3 log and W-3_stationary
indicated the expression levels of 74 genes related to
the spoilage of S. baltica W-3 strain at log phase and
stationary phase, respectively.
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Figure 7 Distribution of K, and K values of 74
genes related to the spoilage of S. baltica. The black
straight line was the fitting straight line distributed
by the K,/K values of 74 genes, and K,/K; ratios <l
were below the dotted line.
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