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Isolation and identification of a pathogenic Nocardia seriolae strain XXLX2
from seabass and comparative genomic analysis
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SHEN Changchun, GUAN Jianyi

School of Life Science and Technology, Xinxiang Medical University, Xinxiang 453003, China

Abstract: We isolated and identified the pathogen causing disease in largemouth bass (Micropterus salmoides) from a farm in
Xinxiang, and investigated its pathogenicity. We combined the annotation of drug-resistant genes to analyze drug sensitivity
results, and compared its genome structure, virulence factors and closely related strains to search for the common immune protec-
tive antigen functional genes. By the analyses of colony morphology and physicochemical properties, and based on the identifica-
tion of isolated bacteria through 16S rRNA gene sequence alignment, we conducted hemolysis test, artificial regression infection
test, drug sensitivity test, and whole genome sequencing analysis, then identified the isolated bacteria XXLX2 which was identi-
fied as Nocardia seriolae, without hemolysis circle on blood agar plates. The median lethal dose (LD5,) for largemouth bass was
1.49x10° CFU-mL™" through regression infection tests, and the symptoms of infected bass were consistent with those of natu-

rally diseased bass. The XXLX2 strain exhibited resistance to polymyxin B, erythromycin, and B-lactam antibiotics, and the
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results of drug resistance gene and drug sensitivity test were generally consistent. Through genome comparison analysis, the

XXLX2 strain showed close phylogenetic relationship and good collinearity with three strains of N. seriolae from different

sources, namely EM150506, NK201610020, and UTF1. There were certain differences in the comparison of virulence factors

between the XXLX2 strain and the three strains of N. seriolae, but generally, they exhibited high conservation. Genomic annota-

tion and comparative analysis of the XXLX2 strain provide basic data support for further exploration of the pathogenic mecha-

nism of N. seriolae and research on genetically engineered vaccines.
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Fig. 1 Clinical characteristics of diseased M. salmoides

Note: a. The pectoral fins and genital orifice of the infected sea bass are red and swollen, with ulcers on the body surface; b. Nodules are present on the
surface of the heart of the infected sea bass; c. White or pale yellow nodules are scattered in the spinal muscle of the infected sea bass.
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Fig.2 Morphological and gram staining result of
strain XXLX2

Note: a. White or pale yellow colonies on BHI medium; b. The XXLX2

strain is Gram-positive, staining blue with Gram staining.
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Table 1 Physiological and biochemical characteristics of
strain XXLX2

L [Rieh7 g NN ]
JCM3360
N. seriolae
JCM3360

AL H

Biochemical item XXLX2

ME— BRI
Utilization of a single carbon source

H #2E% Mannitol _ _
D-#j%j 4% D-glucose + +
FAIF7 {185 Arabinose _ _
FriERER Citrate + "
11174 Sorbitol - _
FitE 14 Enzymatic activity
1 LS Catalase + +
fiEREh A Ji Nitrate reduction — _
TR lysozyme - _
FfLE Oxidase _ _
JRZ T} Urease - _
JK A 1 Hydrolytic activity
-E 4 Esculin hydrate " 4
JEH; Starch _ _
WAL Gelatin hydrolysis - _
IR 32 Temperature tolerance

37 °C A4 Growat 37 C - -
45 °C A1 Grow at 45 C - -

e “+7 FORMERN;  “=7 FoRBATERNL

non

Note: "+" represents a positive reaction; "-" represents a negative reac-

tion.

THME AT, F B R B AR DNA B
1391 bp, % BLAST fEZHXS43HT, XXLX2 Bt
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1000 bp
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K3 XXLX2 Bkk [ 16S rRNA ¥ 4%
;. M. DL 2000 DNA Marker; 1. BAPEXT RS ;
2—3. XXLX2 (1391 bp).

Fig. 3 PCR amplification results of strain XXLX2 16S rRNA
Note: M. DL 2000 DNA Marker; 1. Negative control;
2-3. XXLX2 (1391 bp).
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66 fiffi £ 15 = [C P4 Nocardia seriolae strain NK201610020|CP063662.1
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Fig.4 Phylogenetic tree of strain XXLX2
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K5  XXLX2 BERRAYES 56
F: a. 24 h FIMSCHE; b, 120 h IS5
1 BAPEXTIEFL; 2. FEHEEXTIEFL; 3. XXLX2 meknfEfL.

Fig. 5 Hemolysis test of strain XXLX2

Note: Figure a shows the 24-hour hemolysis experiment, and Figure

b shows the 120-hour hemolysis experiment; in both figures, 1 repre-

sents the negative control well, 2 represents the positive control well,
and 3 represents the sample well with XXLX2 strain added.
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rRNA, f1#F 55 rRNA 4 4>, 16S rRNA 4 14>, 23S
rRNA 4 /~; 63 4~ tRNA UL & 37 /4~ sRNA,

F2 XXLX2 FHREIAN TREEKNIR R

Table 2 Artificial infection experiment results of strain XXIL.X2

T WA R MR F RFEC B R TR RRBETR

Concentration/ Injection dose/ Number of Observation time and number of deaths Total deaths/ Cumulative

(CFU-mL™) mL tests 3d 6d 9d 12d 15d 18d 21d J& mortality/%
1.5x10° 0.2 20 0 5 3 0 0 0 0 20 100
1.5x107 0.2 20 0 2 5 7 3 0 0 20 100
1.5x10° 0.2 20 0 0 2 9 5 0 0 20 100
1.5x10° 0.2 20 0 0 1 3 4 0 0 12 60
1.5x10* 0.2 20 0 0 0 1 0 2 1 5 25
0.65% (w) % L4 NaCl 0.2 20 0 0 0 0 0 0 0 0 0
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(P) PPGPP &5 il /K fift il FE A relA . RNA A
o T sigA . &JEAKIUER: SEIRAT T ideR. R
PSR F mprA | ST 5L phoP ., 4
RVEEE RS AN T hspR. ZR4T %K ABC #4515
BB ddrA (6 5).  FIREEHLE RARAT PR
FE Ty R FEE R, OF S TRARTEE R N REEE
AAFIIRE ST B ARG . TS A 2 L) BRI RT3t A
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R3 XXLX2 EHRT IR NIE R
Table 3 Results of drug resistance detection of strain XXLX2

NGBS S iz £ NGBS s EINE ] 45
Types of antibiotic Antibiotics Result Types of antibiotic Antibiotics Result
B-PIBEREZE B-lactams i ZE PG Mk Amoxicillin R SIS 1EZE Aminoglycosides RIBF % Kanamycin S
B-PIBEREZE B-lactams FeX Hi i Meropenem R I ZH1EE Aminoglycosides B>k £ Amikacin S
. B
3 N e . % ’_\17’6 = . .
B- M EEHEDS B-lactams Sk7Z K Cephalexin R ﬁ/\ﬂﬁﬁh.[ﬂ%% Paediatric compound S
Sulfonamides
sulfamethoxazole tablets

. . oy . e N ] N

B-PIBEREZE B-lactams SLEHIE Cephradine R E"Htih.[ﬁ 259 Tt JHie S Sulfisoxazole
Sulfonamides
B-PIENZZE B-lactams LAWK Cefoperazone R PUS 2K Tetracyclines Z VG &K Doxycycline
B-N LRSS B-lactams SIS Ceftriaxone R PUERZEZE Tetracyclines K2 Minocycline
B-NMEREZE B-lactams H %5 Z Penicillin R PUFRZEZE Tetracyclines PUIRE Tetracycline
B- LRSS B-lactams ZRVPEM Ampicillin I F#E#E FE 2K Rifamycins FHEF Rifampicin
Z RSP & Polypeptides £ % % B Polymixin B R W44 ERZE Quinolones Bli% 7 & Enrofloxacin S
B2 VIS . . .

K TW.@ ngﬁ.q:ﬁ%‘ £1% % Erythromycin R MEI# IS Quinolones AP Ofloxacin S
Macrolides antibiotics
e o S Sf e
ﬂﬁ?ﬁhﬁi% S E % Chloramphenicol S M TRZE Quinolones VLA Ciprofloxacin 1
Chloram phenicols
SIS,
MR J %% Vancomycin S Wi B2 Quinolones BT & Enrofloxacin S
Glycopeptides
pir v, T
Q%ﬁﬁﬁhii BEFFZ Streptomycin S M2 Quinolones P 2 Norfloxacin R
Aminoglycosides

e SOHUE; Lo ROfZS,
Note: S. Sensitivity; I. Intermediary; R. Resistant.

A RNA Jil L& RNA processing.and modification
B Yt )it 25 K4 #15)) /1% Chromatin structure and dynamics
C REVEA P A Energ roduction and conversion
BT RHI Accession: unknown D A B ?HE@}ZP% Ge Ak e o
" Cell czcle control, cell division, chromosome partitioning
i Length: 8 122565 bp » E QLR %12 F14 Amino acid transport and metabolism
u F 1% R 5518 A1 M Nucleotide transport and metabolism
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F4 XXLX2 FHRHTAEEN S RKIER

Table 4 Classification of resistance genes in strain XXLX2

M 2 1L 72 AAOCHEA
Resistance gene classification Related gene

kAR smE
Peptide antibiotic
RIAIERSUVER B
Macrolide antibiotic mac
FHFEHRIUVER baeS
Aminoglycoside antibiotic ae
PURRRPUAER
Tetracycline antibiotic tetA(58)
REEASEDTAER "
Fusidane antibiotic I
ML A R At
Pyrazine antibiotic pned, tex
Ve REES
Salicylic acid antibiotic Ji dige
Mt RPAER B oA
Rifamycin antibiotic "PoS, TOp
EEES -
Cephalosporin p

F5 XXLX2 BHRHEHERM S EER

Table 5 Classification of virulence genes in XXLX2 strain

e PN .
AT &n\i A R R
Second-level classification of Gene
. Related gene
virulence factors number

EERAIEESIPS VIS RS

Nutritional/Metabolic factor

ZHHAHZEHE S5 A F Adherence

icl, mbtH, narG/H, panD 7
groEL, tufA 3

\ 5 . devR/S, relA, sigA, ideR
A5 675 1 F Regulat » Tes SIES, 1G5
VA A cguiation mprA, phoP, hspR 1

GBI T S R
. ddrA 1
Immune modulation
-y .
SUBTERR T soda, urea, katG, ahpC 4

Stress survival

EHEW R ureA . BRI katG Fibi i Ak
EALY) A YL ahpC., 3K LESE DA 5 TR MR AE 4K

AN I A S A 3 A A P SR fR 4 S 22 A AR B
T 2R 8- 7 T 4% DA G o
2.10 LEBEEAS R
2.10.1 XXLX2 H k5 i % 8 vk B 204 0L

ET 24 RGEREW, ¥ XXLX2 Wtk 5
A ] — 43 SR AR ) SR P 4L 54T BLAST fE4k tb
X, B NCBI F#diE A k8, XXLX2 bk
20 554t 3 [C T EM 150506 8l f20 3 5 [
NK201610020 Ffifiiftig< [ UTF1 Y EE K 240 248
AL MRS R (BLAST EEXFARARLE: 23 51 R 99.93% .
99.92% F199.99%), [FMf, ALK XXLX2 FHik
FEHY 3 BRSEZ O R BT I s FC R 2k R 41
M) — BRI EAT T L3t (3R 6)o it X)L & 3R
X 4 PR E A KT 8.12~8.31Mb, GC &
AT 68.10%~68.14% ; XXLX2 T 2 it 3 A % b
T340 3 Bk, HIL rRNA Fl (RNA B 5 3 #ii
ik R INHAATEES
2,102 ELKMESHT

B XXLX2 BRI 2 SRR R I Y 3 b £
WK (EM150506, NK201610020, UTF1) A9
A AT 5B, S5 5R UL 7, 38 S R 4 1)
B M, AT L XXLX2 bk -5 ik ] 8 i 5 4
PR EM150506 il 6 Py 5 5 4% 52 il U7 43 55 bk
NK201610020 78 K 2 3 1A |- J B 4 v 1) L 2k
o [FIRF, XXLX2 PRk fa iR [ UTEL 35
M P IVERLC RAE T B, RonLLIER T R,
{AJELL XXLX2 Wk RN A FIERNS%, 55
A 3 BRI s FGRR 038 RHES )P A7 — e 25 5
2,103 & B-F st

R HT 4 BRI AGTE S ISR ZEBOR LS 5 TR 22
S, DLXXLX2 WHRIEN S R, 5 3%
i £ 34515 [C B (EM 150506, NK201610020, UTF1)

®6 4t EEFREERAN—RFFE

Table 6 General characteristics of four N. seriolae genomes

[y S EpN) GC fiit I RE A RNA  fRNA E0y R RV HL
Strain Genome size/Mb  GC Content/% Cds r Year Source Source location
ity TR B 7S g eS|
N. seriolae EM150506 8.30 68.10 7794 12 65 2015 Diseased Anguilla japonica  South Korea
(TR e 2y e N
Wi it R N 8.31 68.10 7 812 3 64 2013 B GEPa:Z§
N. seriolae NK201610020 : : Hybrid Snakehead Hangcong,
China
fiffi £ - QBT F ok HA
N. seriolae UTF1 8.12 68.10 7697 4 63 2014 goriola quinqueradiata Japan
T W &
i 0347 (mE-SY L
itk RN 8.12 68.14 7 635 12 63 2023 K i Xinxiang,

N. seriolae XXLX2

Micropterus salmoides .
P China
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Fig. 7 Collinear analysis results

TR I B PIAZ T ROK T 5 A BERRK -1 P 516 L
(% 7)o GEHRFRW XXLX2 Wtk 3 B iR G
TE tufA (gene2326). narG (gene3969) . narH
(gene3970) . sigA (gene5031). (gene5123). ideR
(gene5134) Ml ahpC (gene5154) 573 JJ R K AT
R K- b BEAR ST . XXLX2 BBk 5 403 K G
W (NK201610020 Ff1 UTF1) M, 7 groEL
(gene0458) . tufA (gene0757, gene2326), mbtH
(gene0773). ureA (gene3618). narG (gene3969,

gene6279) . narH (gene3970, gene6280). devR
(gene4531). sigA (gene5031, gene5123). ideR
(gene5134) Fl ahpC (gene5154) 55 14 53 J1FEH 1
RAT BT ERIEMEIL BT 99% LA b, FATEmfkE
SO IRABE RIS . &L sodA (gene0071)
devR (gene2757) LA} panD (gene7262) 3 ¢ J13&
B EE P31, & B XXLX2 FkkS 3 dRffa 35+
[CHTEIX 3 DEE A R IRPEAXS B, AP fE—Lt
BEREE S 2 5

F7 U XXLX2 Bk ASERE*RERKRS N EREFIERER FEBIERF TRTE
Table 7 Homology of virulence gene sequences and conservation of encoded amino acid sequences among various strains
with XXLX2 strain as reference strain

HEk Strain
N
Virulence gene RNz o AN I kEER7 e AW [ &SR i V]
N. seriolae EM 150506 N. seriolae NK201610020 N. seriolae UTF1

sodA gene0071 38.51/100 38.51/93.64 38.51/93.64
groEL gene0458 43.67/100 100/100 100/100
icl gene0540 100/100 41.75/100 41.75/100
tufA gene0757 40.87/100 100/100 100/100
mbtH gene0773 35.65/100 100/100 100/100
ddrA gene0950 44.90/100 44.90/100 100/100
devS genel627 39.75/100 100/— 39.75/—
tufA gene2326 100/100 100/100 100/100
devR gene2757 41.92/100 41.92/100 41.92/100
ureA gene3618 43.71/100 100/100 100/—




2 4 1) XU IRAE: — PR R B0 A £ 7R FC B XXLX2 1953 B8 480 M HL Ak (R A 43t 31
5k 7 to be continued
THFR Strain
FSHH - - i
Virulence gene [kEER7 s AW ] [iER7 s AW [kiER7 o AW

N. seriolae EM 150506

N. seriolae NK201610020 N. seriolae UTF1

narG gene3969 99.92/99.84 99.95/99.92 100/100
narH gene3970 100/100 100/100 100/100
katG gene4240 100/98.90 43.92/98.08 100/98.90
devR gene4531 42.84/100 100/100 100/100
relA gene4643 43.09/100 100/100 43.09/99.49
sigA gene5031 100/100 100/96.58 99.93/—
sigA gene5123 100/100 100/100 100/97.2
ideR gene5134 100/100 100/100 100/100
ahpC gene5154 100/100 100/100 100/100
sigA gene6030 37.08/100 100/96.93 37.08/95.11
narG gene6279 43.54/99.92 100/100 100/100
narH gene6280 42.64/100 100/100 100/100
mprA gene6919 100/100 45.54/100 45.54/100
phoP gene7108 99.86/99.59 42.67/100 42.67/93.88
panD gene7262 39.77/99.28 39.77/100 39.31/100
hspR gene7390 100/100 43.75/100 43.75/100
T “—7 FRARINBIEILRTH;  “77 MiRm LR FOIRIRIE L EER ;17 RN I s SR P SR P LU 5 2R
Note: "—" represents that no amino acid sequence was aligned; the part before "/" represents the homology comparison result of the gene sequence;

and the part after "/" represents the conservation comparison result of the encoded amino acid sequence.

T 26 A8 R g i (0 E LR 2 1, XXLX2
PR 3 BRI g QR 2 R T = B AR ST
P (2 7)o S BT &I, 1 sodA (gene0071)
FEH S IERRF S, XXLX2 B k-5 0tk
K RH (NK201610020 F1 UTF1) #HH:, FEZA5AYH
AR MNARZE, XXLX2 BHRZE T 13 M
HPR . [FIFE, € phoP (gene7108) K 4 fith 1) 2 Fk
MRPH |, XXLX2 FHRAHEN s XA UTFL 78
WG RERM T ERZEZ T 14 MR .
A, ARSI iR FCE (NK201610020 A1 UTF1),
1E sigA (gene5031, gene6030) FE K 2 fidh i) JL iR Iy
FF, XXLX2 MR B TR 2E5 . R
FEIXEE2E 5 XXLX2 FESIX 3 AR G
FE A E ) R s ) BE R T ORI T
JEW—30rE, (AR KA TR

3 e

3 KOEHBEREENESEE
£ 15 EC R AR S — 4 B e e 0 R S A A

PR, fEASRA ATz, BEE R A
DG Wi shAE P A 2 S 3B ) KR R RE S 2
iy ek )i 0B S M A R SSi S E E T e T
PEGER I = o Rl Xt Faifa, Wi fais R IRE A
ARENBORME, EEIFHENOKET, ZWE iz
FEETRIR, BRIt 5 &l R IR, 2467
i FEFEMD AT SR T P E e T Y AR N A
SRIBRL IR 11 0o I 4515 A6 40 25 I i Akt — ol
HFEE, WA REIEAE . BT,
FARIE 16S rRNA JEH FHIMI M R G KB,
SE LR AR iR FCT 44 o XXLX2,
TESER AT, Wi fais+ [C R A A Ko A
XFBeNG, 8 TR A R RS B B BRI
Wik, D2 S50, AW AER: R
s R ICHE XXLX2 i, U3 A m 3ehs
AR B A KR A (3~4 d), TAHEST TSA F
M (6~7 d), XXLX2 FHRTE BHI Biflg iRt LA
K (4~5d) BEMP, X 0] He5 0 iR K
VA 5 138 3 1 G R 2R A7 A BS B B BOR ML A
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XM Ry, fE 25~28 °C FF R SR, XXLX2 @
RAE ROIRS B, 7E 37~45 °C § 384444 F, H
AR Z R RIH, X —IE TR 5Lk B 5k
AAFI R A S R MARIRAT AR S . 2R IR IR 5
UE, XXLX2 WA ARSI R, Joikim R
MAEARBCE TR, (HIZFE AR R R TR R
i WROKA AW B A AT FLA TR SR B SRR R
AN, Hi s RREERYL g i, A2
AMREREZE, T DAk AL R A I SN Y e
PR, NI B8 AL 2 A6 MR 2 h ) 1) Al
o, JHFEEFEEBAIE B A ZE I s AR 120
3.2 XXLX2 H#REI s EVFiRIe 45 R

ARSI R 43 15 4l Ak i 0 £ 3 QB XXLX2
X R T R AT [T B, S B SRR e £ AR
FUFE R AR 45 A U 8 B B R PR 2 5
5 AR B AR IRANART o SR, A EE S K
BAENLA L A R BLESTRAE, X n] AE i
it TG YL IR AR AR i TRI A AR — 2 ) Bk
PERY X Bk AL SRR R B, i A UL B R
LA AT 16S rRNA FEFM 7255 BLAST Huxit4y
Br, W R imE i R IGE, B XXLX2 @2
KB B BOR B o R, AREFRHET TR
W21 d ERZEEMER 05k, S5 R R, XT R4l
OAFTG N 100%; 2 IRV BE 2 i i RTAET- %
3R 60% il 25%; 7F 3 vk BRI A (1.5%
10°, 1.5x107 1 1.5x10° CFU-mL™") v, 7EMEEHE]
SFRAET,  H v R BRI 2 Y R PR 2 AR R
KB, HRBRAMpEE, fEE v WK EEaE K,
AR TR, fafR N 240 B ZE R Es T, 76 A
SRR, s R ICBEAE TS AR N HA B AT
PRI, S| & B E R e 2 B — e g
U BRI, SRR N APEERR IR R, bl
B AR P TERR R AR S A3, 18 3R A
SHRRT, AEHIIREZE, SEORE IR, HEE
Too ARWFFE T XXLX2 BFHRAT R 2B & LDsy by
1.49x10° CFU-mL™", 5 S i %5 > 4238 i i
fipi, 2 K 1 R A 73 B TR NI Y LDsg ANA], 3% R 25 5
AT BEE T ORIEI T AN [R) 44 ot £ 25 1Y) e e g
71, DA S A EE sl P BT A A — B 5
A,
33 ET£EFAAFTIMNiEiEFRKERBEELL
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WA AR B e Pk g, SRR Ay H;

AARWKGHE, IE T Z W H T RIS E 550 Hr e
S, I HE A R AT, RS N IR R TE
TREMmPBEHAER, IR 5026, B
g 3k RAZ 4 DA 2 55 7 S B AEALH PRI SR L R 221
B S ARG A Tlumina 5 PacBio 5
AR fA R [ B XXLX2 #H1T 5 AT 543
Mr, WFFEREE, XXLX2 WHRRYFERA K/ GC &
L B . rRNA K tRNA B A4 3 ki
WK HE (EM150506, NK201610020, UTF1) f77E
25, XU R ATRRIR TR IR A0 . 15 F5E
SR DL R A R R iR AR

T K XXLX2 B RE A JE R 41 5 M NCBI 4l
JE Bk e Y 3 BRI £ 5 R R (EM150506
NK201610020, UTF1) [5EH 4H30 47 32 PE 543
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5 ERR AR ICE, H XXLX2 BHkS 3 e
RIZH P2 MR AR &, R B (v S IR TR L
E b SR H SR RS, g e Sk e
Y AR, A, XXLX2 kK-S 3 Bk
iR IR L B BRI IP A E— e 225, X
b 22 S T] 85 TR R AT AL A s BRSSO AS [ i B N
RS 038 I P AH O
3.4 XXLX2 EHRm 25 E E R 280150 o5

22 ORI, XXLX2 BT B- I BEZEHT
ARFBI BE I, S5t 253K R &
B, XXLX2 FHEIEHH penP SEH , ZIEH 4t iy
B- N BE R e M AU AE 2R 1Y B- N BEREIA LS 1, A
MR HA TR ) W, XXLX2 BT 25
W B ML BRI won Bt 254, X 0] 585 itk
PIAFTE I K2R P A ZFE N almE FIRFE P R 26 it
Zi3H macB K. almE REH i) 288 £
PEERON T A G 1, 38 A oA TR R 4 R BE R T
HL SR AL, HE5R T X 2R R R PUE R W 2
PEIL2224 i macB FE G ) ABC 5538 ATP 2%
HFEA, SIS AUER, ERESY, I
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Hb, FEANE X AR R A D TE Bk
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