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Genome sequencing and comparative genomic analysis of
Pseudoalteromonas arabiensis N1230-9 isolated from the
surface seawater of the Pacific Ocean

XU Ying, LAN Xiaomin, ZHOU Minjie, CHEN Xiunuan, JIN Jiafan, ZHU Sidong,
YANG Jifang, CHEN Jigang*

College of Biological & Environmental Sciences, Zhejiang Wanli University, Ningbo 315100, Zhejiang, China

Abstract: [Objective] To detail the molecular evolution and ecological adaptation of
Pseudoalteromonas arabiensis. [Methods] Illumina HiSeq X Ten and Oxford Nanopore
PromethION were used for the whole genome sequencing of Pseudoalteromonas arabiensis
N1230-9 isolated from the surface seawater of the Pacific Ocean. Bioinformatics tools were used
to assemble and annotate the original sequencing data, and the type strain Pseudoalteromonas
arabiensis JCM 17292 was used for comparative genomic analysis. [Results] The genome of
strain N1230-9 consisted of two chromosomes, with a size of 4 627 470 bp and the G+C content
of 40.85%, encoding a total of 4 202 proteins. Genome annotation showed that strain N1230-9
carried functional genes contributing to the adaption to the marine environment. These genes
were mainly involved in heavy metal resistance, iron-uptake systems, anti-phage defense
systems, hydrolytic enzymes, carbohydrate metabolism, and two-component signaling systems.
Comparative genomic analysis revealed that strain N1230-9 and strain JCM 17292 possessed
unique genes conferring adaption to different ecological niches. These genes were primarily
involved in heme uptake, heavy metal resistance, anti-phage defense, two-component signaling,
and horizontal gene transfer. [Conclusion] P. arabiensis N1230-9 isolated from surface seawater
has evolved unique genes for adaption to its ecological niche.

Keywords: Pacific Ocean; Pseudoalteromonas arabiensis; whole genome
comparative genome analysis

sequencing;

18 32 & 5. it 1 J& (Pseudoalteromonas) A, 51
Iz oA TR 2 M AL, fAEd A, dt
A R B R R I AR TG AR 2 A A TS (U
BT VRV A TR VR ) A R A, i
TEAR 2 RN A0 DR TS BN 2% 14% ), LU
T2y i JURL IR 2 AR VR 1 20%0), B sS
L BT Ja H AN (B A T B 3 1 % T AR g A A S5 40 v
WA, WA e A A TR
SRR, s I R 2 &
Jeta ik, RARRR LR A Z 6K, JF R

P4 actamicro@im.ac.cn, 7 010-64807516

i ZHE 1 R AR RE 1O

38 2 S DR 2 0 A b R I A S B,
TR T FRATOHER 5 B B A 1 o T Ak AR
RN A 258 I A R o 0 X T A 2 B IV M 5E
¥ B Ml [ (Pseudoalteromonas haloplanktis)
TACI125 (N MFF oA, R5E T IZE R
RGN VAR Sl LD B - & B3 A T ]
Pseudoalteromonas tunicata (55 K 21404, ik
TIZANEE R B AR T R s X AR
Y& Pseudoalteromonas sp. SM9913 14 3 Pl 4H 43



At 4 | BUEY IR, 2024, 64(6)

1693

B, TRV TR R TR TR ) 2 1T B 3 14 A A
Femgtl,

XoF [ ofr AN [v] A 25 TR0 TR R i A 7 B A B DR 4
2EATAIT, T REORG A P A1 A R B TR ) 43T
B AR A 250 o U AT AR TR S R A M T
(Pseudoalteromonas arabiensis) £ it 14 2 1t it 32
J2 Mg 7K FULAR ) 4 858 vh ¥ 43 A1 (https://mece.
org.cn/BacteriaService/Service )", I Al fiE 7775
A U R AR I A TG A 2 A AR T 2P
PRI IZ A A S I S AR SR BB O 0 1 i A RN A
AN N AR T R . St ARSI LA B
H KSR ZHEKE P, arabiensis N1230-9 h
HPRPAAR, 38 20 5 D 200 b A 2 DR 4 2 4y
B, B0 TIRIBNA 2 AR AR 28 (Y TR PR 38
AN R R84 27 25 57

R

1.1 EFk

SCIOTRIBR N1230-9 AL % B 0L £ S
K 54 Ak BHE I, R LT B E—fk
PR B R B, ONORCE VR I A7 (178.71°W,
12.51°N) R 2 g K P i e SR8 i — bk A JL T
Jo e % D) RE AR TR o 32 TR PR LA H v 781 1R T X I
FET 5206238 1980 °CHEIR IR VKA .

1.2 RXFIFEARE

JCHLER ¥ W (g/L) : NH,4CI 0.500, NaCl
30.000 , MgCl,'6H,0 3.000, K,SO; 2.000 ,
K,HPO, 0.200 , CaCl, 0.010 , FeCl;-6H,0
0.006 , Na,MoO,2H,0 0.005 , CuCl,-2H,0
0.004, Tris 6.000,

MM 53R 5E . TOALER I I P ds o DA s
TR ME—BR IR B R R 5L, R IR FE AL T
FT. VERY. WIKG . EZZERING . M. g
Wi VR . IR, B, FLME. RERE.
D-F AT . D-2EFLBE . N-Z B &L A . N-

LRI FUNE . D-E . D- KM . D-2EHE
L-FASHE | LA . LB R (AR . D-ILALEE
ARBEEE . D-FAMIREL . FLIREL . A IERR AN
BEHER AN . NERBREN . L3RR . N-Z BEAuRE
M. BRI AL 32 AR IE AR —
i, AR T BB INZOHk Bl 3% (Fife
R0, VERY . HWIRE RNZE ZEMRE S I 2k i
B0 0.1% (BT 80, HAamikm g
He 4 10 mmol/L,

IM2r & 35 37 . K LR W R
FeCl;-6H,0 £ b LI 21 % (0.006 g/L), FF
JIA 10 mmol/L 249k & 11 N- 2, bk 2d ik A1 A 4

FAEERIE . TOVIERAR A 10 mmol/L
LR N-2 T S I A 0

TR I . ANE FeCly-6H,0 AYTCHLER %
WAL E J 10 mmol/L () N-Z k4 3
ZEHE

Marine Broth 2216 };3E3&, BD Difco 2%
Al; JLT . N-ZBERERR, Sigma-Aldrich®/
Al AR, AT AW TR BN A
BRAF . ST R 70% g G, R
TCr s B AR L B R TR
1.3 EHABIEF B2

PRHUEA Y5 2R & Marine Broth 2216 5537
I, F 25 °C. 180 r/min HR7 5537 E AN E X 5L
A K H I (ODgoo 200 0.5). BUANTR 5 5+ 41,
5 000 r/min .0 3 min WK, EIATTLHE
MEKVER 2 WG, FETIJCEE TR ACK: 4 i ik 22
#£ ODgoo £ 0.5, P E B HR 1:100 AUARFILH
PR ESAFERKERN MM K 3RE$, F
25 °C. 180 r/min #4557 60 h. H537 M) HTH
B, PRI F2 A ODggo fH. 4
— i MM 555 3 A EYEA T
1.4 EEBEMNF. HRERTRE

PREC 3 Y% 27 & Marine Broth 2216 1%

http://journals.im.ac.cn/actamicrocn



1694

XU Ying et al. | Acta Microbiologica Snica, 2024, 64(6)

FeHe, F25°C. 180 r/min fRGEFFR IR . HL
2 mL MEREFRWE, 10 000xg &5.0 1 min, WtE
P TR H 4 DNA 250, JER4] DNA $2H
Z: M6 3¢ [ RE PR K A 3 [ 4H i 5% Bt (Department
of Energy-Joint Genome Research Center, DOE
JGI) M i $2 1+ 7S ke Bk = FOBE TR Ak g%
CTAB) ¥
(https://jgi.doe.gov/userprogram-info/pmo-overview/
protocols-sample-preparationinformation/) # 17

FEDZH N 7 5 AR 24T RIS AR W R 2 R
A BRA A ST A 5 S8 lumina
HiSeq X Ten #1 Oxford Nanopore PromethION,

% P 1 4128 50 SOAPdenovo2 it — ARl
JEBIPCALFF AN A7 DF 4. BT Unicycler v0.4.8
AT P P A reads dEAT AL 4HSE, 35
SRR SE R o R AH T R T 56 35 AR W = F
B8 WA P53 $E 58 2 IGT W i
(https://genome.jgi.doe.gov/portal/), #E17 kb %
S 223 B o BB A 2 i ik T 2 2%
itk A P. arabiensis JCM 17292 (JGI-IMG %
F5 N 89378), %I Mk B H BT AR R UA

(cetyltrimethylammonium bromide,

&1 &k N1230-9 EAREREHREKFTE
Figure 1

(-3 615 m)!"),

2 EREM

21 WEFIAENSHR

B YR AV S 2R P 2B K B AR A — AR
A AR IEAR, HHOREAC A — Ll AR
AR ZUE Y s A7 7E , X LE AT R4
S F T 1 B B A P ko i R R A 22 A AL
i, A B R B AR S A A S N R B A e
PEAR H 3 A5 L 34O B SR PR B g A 45 A
BN, WK N1230-9 REASAELURIARILT . 3
W WS . RZEMIRE . ARdE b e, &
ZEWE . ENE . D-HIAINE . N-C B SL A A
N-Z Wt FE U0 . LA s . LBl hifrh
FRETREN . BREAMREN . DIMIRREN . L-3E SRR
N- ok RE R AR FARR AL 19 PP b R —
Fofr SR e — B PSR R AR (B 1) Kl 28551
WA, W N1230-9 X il iaas J6 it #1) AL
RAFTEZE S, WIEMXT LT R AR AR & T
Hofth Z 0, 22 28 Z MR AR & T A —

Growth phenotypes of strain N1230-9 on various carbon sources. Maximal difference between initial

and final optical density (ODggg) values are shown as bar height with the growth time in hours indicated at the

top of each bar.
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Figure 2

Genome mapping of Pseudoalteromonas arabiensis N1230-9. Circular representation of

Pseudoalteromonas arabiensis N1230-9. Based on tRNA and rRNA, GO, KEGG, and COG results, circular
diagrams of chromosomes are drawn. The concentric circles show (reading outwards) G+C skew, G+C content,
tRNA and rRNA, GO, KEGG, COG, genes, and DNA coordinates.
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Figure 3  Pathways of eight carbon sources utilization in Pseudoalteromonas arabiensis N1230-9.
Abbreviations for carbohydrates and enzymy-coding genes are followed: Glc, Glucose; Nag, N-
acetylglucosamine; Bgl, f-glucosides (cellobiose); Ara, arabinose (arabinosides); Aga, N-acetylgalactosamine;
Tre, trehalose; Scr, sucrose; Mal, maltodextrins; agaK, N-acetylgalactosamine kinase; agaA, N-
acetylgalactosamine-6-phosphate deacetylase; agaZ, tagatose-6-phosphate kinase; agaS galactosamine-6-
phosphate isomerase; chiC, chitinase C; Impo, lytic polysaccharide monooxygenase; chiA, chitinase A; hex,
hexosaminidase; nagK, N-acetylglucosamine kinase; nagA, N-acetylglucosamine-6-phosphate deacetylase;
nagB, glucosamine-6-phosphate deaminase; glmS glutamine-fructose-6-phosphate transaminase; ScrP, sucrose
phosphorylase; scrK, fructokinase; pgm, phosphoglucomutase; treF, trehalase; cga, glycogen phosphorylase;
treX, isoamylase; amy, a-amylase; SUSA, neopullulanase; susB, a-glucosidase; malZ, maltodextrin glucosidase;
glcA (lamA), glucan endo-1,3-f-glucosidase; blgA, f-glucosidase; abnA, arabinan endo-1,5-a-L-arabinosidase;
abfA, a-L-arabinofuranosidase; araA, L-arabinose isomerase; araB, ribulokinase; araD, L-ribulose-5-phosphate
4-epimerase.
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SRR DRI A0 R R VR A A Rk A X
F e A B B, AR X5 FE 9
AL bR T 20N Y (BL ) 5 H AR B Al &2 4
#E [ (methyl- accepting chemotaxis protein, MCP)
R SSRGS & il
5T PR AL B 2 MR IR R T RE I A TR Y is
gm0 JER AR, bk N1230-9
1 ICM 17292 5914 48 A Siatb A LMEA
St BEH, (45 28 > mep, 2 > cheA, 2 A4
chiB. 1 /4> chiD. 3 /> chiR, 2 /> chiV, 3 4>
chiw, 1> chiX, 54> cheY #1 1 /> chiz, H
6 /I~chi” LK (cheABDRWY)fil 1 > mep A4bF—
AR, B T BA SRS S m gk,

PR BRI 28 B 2 AN ST B G OHE B Y 5E T
i, Hrp— P EEEPR T SA -ESBEND
it motAB Ab, M EA Z AN Bk E I gl
FEH, @H5 chiA. chiB, chiZ, cheW, chiY,

chiV Hl chiR,

2.7 WEREAVERERER SR

NS i R (N B i) I3
R T INT E B AR AR G ax AR R i AR R T, A
WTF R T —RINPIER R RS, KE Fig
AHET I B 4 14935 43 4 pi Y . CRISPR-Cas
R G JF A DAL 7 A I D P B R R
CRISPR immunity FEZEATINEERFH, W
Pk N1230-9 %A — > “K Al (unclear)” 2 Y [
CRISPR-Cas #%¢, % & 4t CRISPR J¥51 A
3/~ Cas SN, MO, Htk N1230-9 4
A 6 1“9 JL(orphan)” %! CRISPR J#41 .

RIS 1fil] - & 1fi (restriction-modification, R-M) %
5D U T P S = A s AN RN i
X, AHE -IVEE 4 FPSER AT R B PR
VY B RN R S RS 2 Y. PR TIVE R-M
R YIE AL SME DNA A, Ha
3 FR2EAL R-M R G A BRI N DD 1 1))

K BAE IR MR DNA . 4N A9 DNA il
B E S R P AR A, DR IGRE SR TR RR
HilPE VI R ThRE LR B LB,
PR N1230-9 &A 1 ABRGIPEAN DI g B
DA 4 4~ DNA HWIALEG GRS LD, X e 1]
it 0 R EE Ak P D) e e B R RO 43 5, BT
B R-M RGHHIE. HAR JCM 17292 NEES
PR N1230-9 IR R-M RS HA R
L, (IR EAT 18 R-M RG4S
N, IR RS S D IL hsdS, BRI
PERG R VK4 R R hsdR FIRRHlv:E M I
it hsdM. teAh, HHk JCM 17292 (1) 1Y
R-M RS T HESH — 1% R-M RER
il N B AS A e

i %L (abortive infection, Abi) &R 4%t J&
R 40 A 3 3k SR FH B T R AR R AP Abi
RYETE MR AR B I E A DNA 5, H %5
SZF BT, 3 04 TR A A RN ik SR I
AT 38 e HL b 4 TR A e A R e PO B Bk
N1230-9 F1 JCM 17292 LR a5 &5E 2 4
Abi ZafE[H (abiQ 1 abiH)Fl 1 AKKIAT Abi
I . FERZAEY TP EAATERN TA RE
g FRr- B R ED, Wi R hia Rt
B R R, TA RGNV
I 8 R RIBEN - Hoh I TA 2 HRTHFSE el
ITZH) TA RS, W TA & i TRl —#g 1
T T 2R G A IR R 7 R G i R 2 R, T
BER AL E AL TR AR M L, biERE
W EHENEA-EATEP SRR HES. #
Pk N1230-9 BEFATEH 5 METER TA R
JE, fLF553AE7E Chr IFR [ higBA, ratA/h Al
relb/parE , UL J 43 Ai #E Chr I14% €8 4k o 1y
yefM/yoeB F1 brnT/hp. Btk N1230-9 9 5 4> TA
R E TR TA 2%, Hd 2 4 TA i
BTEPUEE R AR RIFE R (LA “hp”fin 44), X LEARH
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EOEGHATRERNENATEE, ICM
17292 B T ¥/ mazEF . parDE. cptB/hp.
parDE. yefM/parE. relB/parE #1 yefM/yoeB 1t
7 ANIEL TA JEHEESN, BEA 1 AIVEL TA &
ik JL# % AbiEii Ji i REH .

BT Bk 3 FhEimE ARG A, Wbk
N1230-9 A1 JCM 17292 414 1 4~ dCTP 4
F 2 4~ dGTPase, dCTP # dGTPase mJ 434l
R dCTP H1 dGTP, AT 35 Wk D (A L R 21 52
TR ZE A T, DX 2 it gl ik
RS IR R G RO
2.8 ESESERMBHTESH

LR ZE KRB EFRE =, 1M HIF
BRI B, R AR W A L A A
T A F & 5 518 3 RGBSR 801
PR N o XU S5 5 5 T R Ge A A
) TIZMIEIRR G, RRG G SRR H A
% 18 i (histidine kinase, HK) 1z v & 55 5% 21
o BERAT R REY], Wik N1230-9 f15
71~ HK gt 560, MR PR JICM 17292 {5
40 1~ HK Zmfd 5L, X R N1230-9 L
PR JCM 17292 HAG BSR B IRBE (55 B BE T -
5 kR N1230-9 ML, AR JICM 17292 1)
S A E R, (HIZREREIA 2583
Jofl, B4R 1 DGR IEI R 19 A5
it G R R L], 30k — 2 SRR i A il G ) s PR
TRV PR 5E J 0 = & U e 2

3 it

HF R N1230-9 X3 I 32 5 I (%) A FH 8
J1, BEA LD B 4 H X B AS e
R S5 B A SR . SR,
F 5 & R HE WA E 22 58Kk, DL B
N1230-9 47 tb A FLIC I B 219 MFS #iz 1
. TBDR, 3 30 F F % R W& DL B o 1 bk

<l actamicro@im.ac.cn, & 010-64807516

N1230-9 MIBkIEFE 28 . S DA U IR B 5
WRIRHHE R FAX) N1230-9 114 2 b 25 (1 R4 7 R IR
FLxH i R, @ H SRR &S EERAKR
[VCHEC A1, T HL R A 5 i 7 41— BebE
3 TR 11 4 B DR S AL T Al VR A 18 356 TR
N, H omp™e Fil nagP. Rk N1230-9 HEAE)
FLURR IR S 2 A R S A R AR TR
KRS N, A PR Al A A [F—JE A
A ABC ¥%i2 2 A 1K (AraUVWZ)FIl MFS %X
J6 5 35 3 1 (AraT) 5 iz Bl B fA om0, i R
N1230-9 {UAF1ES AraT HAT 8 R & IR P 51—
HPER) MFS FiEG . Han, A LIRET]
| W5 152 4% 75 i 22 45 (phosphotransferase system,
PTS)F1 MFS %1z % ®%nE, ARk
N1230-9 1) PTS I AR (HEH EIA Ao,
oI B TR 10 5 I 55 38 38 2 5 N %32
PR N1230-9 fBIP- B fii ] - fef ][RI RS 28 1) 5
B, FEH—FRIE A2 T REY X £ TR
KAV IE R -

TR B A SV Vi R A B Y T AN R,
AT E ] (Bacteroidetes) . I J& (Vibrio) . FrER
FHJE S A HmuRSTUV RS, MilEsik
BTN , W 7E 3 7 AT B (Pel agibacter
ubique)F1 Slicibacter pomeroyi, Mk Hki% %
G e ) HmuRSTUV R4 E D 8 4
FERA S, 3 hmuRSTUV LK H TonB £#%%
ZnhS LK (tonB, exbB F1 exbD), H:H TonB %
A M i 2T AR EUW e PRt rp Y R IR
I A2 H M P. arabiensis N1230-9 2577
FE ORI 5 AR TG 2, RS R B ke R
R AEIA 2% HnuRSTUV R4, if
FEAET] R L2125 B A a8 L4 R Y TonB &
St. SR, BFE N1230-9 21 ZBER S 4 bl
FER B 4007 B AN [R] F ST 2 R AE ) B
FFA, hmuTUV B 09 36 IR R s & — 4
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HutZ #mfiSE . HutZ 76547 21 R 48RHGRE T 1Y
I A LB, %R O A 2
HmuS MIIHRE™. BRItz Ak, Mtk N1230-9 3
PRI 20 Hh 34 7 AE — S T A 0 2 D b b 5% B R 0
(Y{eX-AfuABC), % Z Gt 1615 ¥ 4l B H g oA I
RIE . SRS MR N1230-9 W7 I £1 K 5K
FGE I TR AR A (] R Y 1 21 3% A B e
Al — 2 A X P AR 2T R AR R SR T fg o
PR BRI A o A R, SRJ& [l — A Fh iy i
¥k N1230-9 F1 JCM 17292 4 R4 A K
K. S5EHkICM 17292 A, Bk N1230-9 i
AHEZH rRNA 9+, AL, Bk N1230-9
T R TP A i B frsAL EE 4
J B e TR R L 1 2 8 IR 0 i B R S5 R
HEH, URHAEFEESEN TS E 2R 5
AL, AR RSN . Wk JICM
17292 WHHAHEA K 18 R-M ARG gD IEH
DL RN S Z W s F . B T 0 e 4 i 55
K. Hidk N1230-9 F1 JCM 17292 Frdfifg i 25 5%
S DRI AT LTS Bl 798 A A X T A 5 4 AN [] A A7 38
BRI N . ok HRIZEKAY N1230-9 T ZER
WiE ML, B 2K rRNA BT AT LI R % 7R
FAE R FEE NIRRT RE P 5,
AR RNEE LA O K R R AR X T TR
RTINS, HICAERAR E AR N1230-9 314G
ZRERELIRIE G I BGRE, RS 2 4
AR LR R G . wilER)Z K P E
FYH AL, Hkk N1230-9 #4 H L1 _Jtfs
A5 T R 45 Y i DR AT LRI TR AR (R AR H B
BERYAER PR N . FAR N1230-9 B2
FIEE G JEmPUrE RN, JUHR R A B A 2
FHM R AAAE, XATRE 5% 08 A XF
PR S5 X B R 2K %, RIZ B AR AT AE
R TR A5 X UT R IR BE . 1 B 2 TR K
A E A Y 2 SRR, TR UR B TR Y

Rt AR08, NG A HERR R B R N1230-9
P JCM 17292 Fir AN 248 18 e Sl A G A G 25k
K, AEHXTFERE N1230-9, itk JICM 17292 M
AT B Z 10 B Bl F1 R B m B IR, X R TR
PR JICM 17292 BRGE HhNAT R R AR AR ) 3045
W IR R JEMR , AT 2 A R T ik 5 gl U
BFEsR . IEAh, HRE JCM 17292 JER 40 rhk i
kIR shoo 28 B 2 F Bk N1230-9,
Ul T RR A A s T 4R G 55 | R 1 7K i TR
B2 K R AR B IR, X LUK )
FPE JICM 17292 46 T AR N1230-9 500
Z R B PTG TR AR SR W o HLE L R A A B i R
7N, TR N1230-9 F1 JCM 17292 H:R 2H Fr (i
WEERF AR TA REFEIBAF . HMEH
TA Z G030 2 30 o0 0 R A5 ik — SE DRI o)
FE AR ARAT L AR BAT 7 A VA1 50 R e T 4
AAFE WA FEIIR TA REVH TN 2
FI R [R) S F I R A 1R e

4 Hik

FERAH M &P, Tk P. arabiensis N1230-9
WL ARy @ A ONRES TS B 1 S O i
HAZE RNA #Y1, HAHERL B
5 SR ARG, EA AR 2 s s i A
Wi, WAEBEARZWRZEN, WAEFEEN
TOufE T E AN, S 2 BN E
HRAERTE, BAZMeEiores, UNESR
25 I O TR AR 7 T80 R 4 . bl TR 4 g i
B, b 3RIZ M KRR PR RO [A] A= 2
ASE H ER) VR AR BT AT e A1 S L R A 3 A
H T A TS PR A R

SE 30k
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