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BFAIRBHREIKE 202205 Ak EYFHFIE. BREREE
EEASH

TR, D, £50%F, MEA, Kad, KEE, FAR LK
gl TR Be s R B 24 BE, | R KR 5K i & TR AR R L, T MKk E S KB IR E
MEEIE, TR M 510225

WE: i KEEERE (Streptococcus iniae) T H B4 (Tachysurus fulvidraco) 75 P 16 3 55 ™ 51 B4 200 11 14 95 DA,
Ay W B A W 2R R | O T R LA SE TR B RRAE, i 2 W MR i SR LS S, APk B T B
VR IR EEER T 2Q2205 TR IWFFE X4, WA R ReE . Bom ) R & SF AT HAT T 281, DF5Ras B2, ik
ZQ2205 S 24 [RBHME R, 2HRFERHES], 2 B Wi, ZWREA RN . TEM MR F B, T4 KBS, JIF
o T B BE 5T W Y BB, BEREAE pH b 7~9 MR NaCl 42536 BE Sk 0~40 W OIR IR IR s R 3 p AR K, 1E
pH & 9 KEE R 0~20 A K hetE . ZMECse R, 2Q2205 X Blin b B st R 2y, WERWE ., WHE,
A[EZEME T HHH 4 2y h EHUR . WEFLRRaR, FEIKE 0.5 CFU/g R AT 1 i 3 36 4 fa 23581, X
JHFIE L JBLIE LB 2H ZURT i p  E A, JE, REN  ER TA  m AR E EE Y R, 2ZQ2205
FENZH AR/ A 2128105 bp, GC &0y 36.83%, 4ifi% 2035 AR, Lk 18 FhEE N T, FEIREMIEFM . f
PEVR CE SRR R R KA, BUNME] 21 A WAL 18 N RN, FEWREFER AHEEER.
FIREE R | RS E S S PR 25 o 28 LTk, @ g IXEE BRI 2Q2205 A s&B0w 1 . ZEim 2, H
X PRYE A N, LA R ALE B AR T 8 S M 25 PR ARAE, Xz R A EE R X,

KR WM, KB, AR otk SRR
hE SRS S941 CERPRAERD: A XEHS: 1005-8737—(2025)02—-0228—18

T M (Tachysurus fulvidraco)VE N —Fi =
(EAIR K FRFE DA, DG g 56 . JC LI 3 A
A IR b i AL, 2023 AR HAR
ik 62 7 1 SEARR, RAEE RIS T B
FE, WU IR R K JEAA XS 218 . IRA
IR, H 4 ™ IR i s 3 0] 8 O 28 1y BHL A B2
Fn FRFE % e ) BRI o, I R EE R T
o AR B S E S g8 Y, JHG ™ P 3 ol — S X R A
PR A TR IRIERME, e ge Hofl 2R i b, R
WAL T 2022 4F 3 HE 2023 4F 9 H, ) KA
BRI AR T SR DXOOT BRI AT AN e e

K BH: 2024-10-10; f&ITHHEA: 2024-11-12.

W, T B FAC B SR A ZE A D 1) A kD A R
P i B, A 32.9% (68/210)(BUdE R & £).
YT I, RANTFGE B3 )9 3 )8, R IR £
X VR B SR TR ) B 455, X e 1 B 00 £ R B
AT RE L e JRe B SN R X

K 4% BR 18 (Streptococcus  iniae)VFE 7K 7= 3%
B EHORE, H 1976 4EH Pier M E WO
LR K G K (Inia  geoffrensis)H /B LISk, H/E
Yree Rt A BOR HLEI 2 20 O RS s . LA
GEAE TR IKHE BR IR 0 20 B . 388 SOmAT e A e
fIE I, a7 b =X S it . ORI R 63 (Trachinotus

ESTUH: 2022 4 g i 5 A i 8 2 ) el b Bh TR % 400 H (B4 (2022]) 119 5).
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ovatus) . ¥t 5 X BN (Ictalurus punctatus) . R84
(Selenotoca multifasciata) . J&% % A (Oreochromis
niloticus) . I 84 (Oncorhynchus mykiss) . 7
(Paralichthys olivaceus) Vi J¢ WK Y 2 fifi (Anguilla
anguilla) %5 ZFp B B R BOR M, feT1 & an
WO AE . MR . MREK AR R . A E A — &R
B P REIR Y B A TR A, T IR EEER T Y
HO AL B e R, IR B AR SRk,
B H R A R R . FIRFEERE, FE
2 oE 1 LM B B 0 B8 T, X i A 28 R G i O™
FAE, [FIEHE & 4 Bk A B
fEx —rtfEeh, wimE s KimEH KT SiM
AU e B A A R A T G
A TR E B T7 L, HE R B 2 D B Bk
BT B A RN ik, R R e
AR WA R ORI DNA R A
WHoE, HFRA —ERIPRCR B Ak, 7 TAY
FEAR 0 I AR R M4 2l 1 v K 3K T i 5 1
J&, kA oA, b T R g R A 24
BEDR A3 A, R 98 v T R 97 4 SR gk ) i 4
BT Rk PR

Vi AR 2K T 7 K ] B A 95 B v 2 Bk S
ELRE I B A TR R AR 2 —, R K
PRGSO BOR M 2 B Iz A, HH
X Z P ECHE LB E B A 2 B, 2%
S0 G £ R YA 1) Vi B K TR B SR AT AN
PRI, TR 3 AT 8 300 £ U5 T JUACA% 35K 7T 1 A ) 2
PERCH AR, B HBURHLE], JFRAH S
TR FL At 1 3 0 U KR BRI 22 8] 1 22 55, %o R Al
FE AT R B SR g A T R A R

1 MR57E%

1.1 XBEHRSHY
AWFFEPE IR 2Q2205 i A S8 2
T 301 T JR ) i 00 £ 290 T g i D, DAl 1 X
4 R B R B ARAT, R B i 25 2 H
B S MBIET, BITIET Ay 8%, Mifl
PPN T A0S 2 L U % B I A A S 1 25
ARSI T BB (4.71£1.71) g g AT MBS
01 R AT IR W], AR 3R T o K™ B2 B v

F S T BR Vg S 06 B M, S U0 A AR WA R 5 2 8
1.2 WAEEEVNEZMEEENEE

PRUUAE J5JF ik J5 B fE 2Q2205 PR VK,
R =R 5%48 3 BAE Ak |, T30 C
ZHTRIFRY 16 h, WIRMEEEFEES, I
B AN LR R | DO (12N ER i Tl s O N B W R
FE 30 BB T LSS R AR B 68 SR S IF IR Ak,
JH G R 255 ) - Al 1) AT 2 P B T Y P
i e, ZIeaRiZELE /R AE R A BRA w XA
a7 S L B A R B AR S B . S IR R
P A B A AR R AU B S, X BR 2Q2205
A AR TR, 2% CE ILAE R %
W E T PRIRHAGI 2% S AT LA
1.3 16S rDNA F 5|4 #r

KH4NE 16S fDNA 5 Y514 16
S-27 F: 5-AGAGTTTGATCCTGGCTCAG-3', F
514 16 S-1492 R: 5'-GGTTACCTTGTTACGA-
CTT-3")%HHEHUK bk DNA #E4T PCR ¥4, 3§71
TR 2RI 1 %D B W B e H DK A I I % 22 N R
— WA AR MR BRI HEA T IR 55 o DU 52
WU, B FRARK) 16S rDNA 515 NCBI 50 #8 )% b
A7fit 10 200 B 2L PR P B0 2R A7 Ee X, 9 MEGA 11
AP BIEEER G R T
1.4 PESM=YIEEEIEETE

KSR H bR 2Q2205 R4 ™=
PG JEI5EE . TER B AL 4 R /IR E, kR

TR A B PR ARG 2 B 5 G 5 25 g i
Mk; A I ARG 2 R 2 A 2 B i a1 T s
VER WIS PRI B BEAREEFT RS 2%IER Y
BHI J5 55 5074 |, T 28 CA&E T35 24 h, #
FH 0.1% 5 X FCR A T 4% €8 38 Ao X025 11 95 )] ]
TV 175 BH DX P, LA 375 B Rl 1 s B0 I 2 5 L% T
M BGTE P o 2T 4 Z MG PRI B AE & 1% H 3k
YK BHI FAR R bR, F 28 CA&MT
W35 24 h, BEJS, 8 0.5%F RIS 21 e i %4
HEAT YL 8 15~20 min. A5 b 7% S BBl 20 B 2 1) 485 B
R, DA DA% TR Pk LA AT Ak R TR T, AE NS I
R,
1.5 AR5

£ BHI AR : 3% 5 vh 43 50l n AGS & HCI
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(1 mol/L)HI NaOH (1 mol/L)iA 845 15 3= 5 pH
3.5, 7. 7.4, 9 F 11; 7F BHI Wik s
ST NaCl PR 0. 5. 10, 20, 40
80, LA 3%EFEFF IR N 5.54x10° CFU/mL
1) ZQ2205 TR B P T 1E % A1 ik 45 pH KR
() BHI W iAK:F=IEH, BT 96 fLARH, A
VLOLOODO Rbni (FEER KRB AR, EH),
BEETE 28 °C LA 180 r/min 4R % 1555 24 h, &
/NEFLL OD 600 nm A7 13258 15 B AN B8 IR 1Y
BHI A4 35 77 FEAE Jy 0 B
1.6 Z¥EIRMELE

YR BIRY Bk, 5% 2020 432 I K
52 86 58 A oAb B 25 (CL-SI) HE 75 1Y 3 A s 1 e
R Ty A I 43 B TR N 22 AR UD B R A
BGvh A, UHER, ZVHE, AFE. 5EE
. ARR, AhER. MEHEE. AhER.
SLALHAS . SkAnkls . BIEEPEA . BERR .
BRI At 17 M2 s, ST
25U WK [ e & WRH A RAF .
1.7 SHE

MR ZQ2205 #£ 5%4% 1 BiAg -t b i 1k,
T 30 CEMFTFREFRY 16 h, G EEE T
Ik R B PBS ZE v b, T4 C&MFFLU
5000 r/min YR ORI, JHETHICE PBS
TrUe, BiJG ER W, PAH &0 h R - A
SHMHOLEIFNE RS OD AR R, HE
I R D B RO B e 10 R R — A B
DR 2 e Ve B, e 4 R 0 AR O A T B s
e, o BEREUT MG s LA 5 O AT I
B, AR TR0 360 R aRE 1Y B 4 4yt bl
Mlorh 6 4, &4 3 MHEE, BEL 20 B, [
B DA ST TG TR PBS M 2s AN IEZ, P2 igzifid
S BET 1 0 B i PRAE AR o
1.8 HALRPARHBENHNALRRIEFZ ML

FI I JC TR A B R KK TR R B R B R
4.8x10° CFU/mL (T B, e 80 Rk fn, 4
RS 0.05 mL BB, s3G5 0.6,
12, 24, 48 F1 72 h FEALE HL 9 R A SATER], K
R LA, B . 88 . OAE. PEAE.
JF I O, 8 ) — Bsf ] SR 1 3 R A A [R]

HAG IR THRAE D, RBR AR HRIG K%
80 CHEARIRKF P ORAE . WU WA LU AT
PR e AT, i FH A ] DNA 2 BUR ] & (G e,
rh ] ) H BRI P T A R VE D R R IR AL 2
& DNA . il FHAS TR AT ZH 3 3 1) 1 KR BR 181 S
S E#ESI Y F 5-CTTGATGGCCCGTGTA-
ACAG-3', T#5!% R: 5-ACGTCTTGGCTCTA-
CACGAT-3', % 6184 P: 5-FAM-ACTTTATC-
CGCTTCAGCGGCATCATCA-TAMRA-3"), %} 2
B DNA A 5 47528 29 2 it PCR (QPCR)41
Br, I . B T 3 IRERE R .

PEHR B J5 R B R ) 3 R A kAT A,
SREMAE . FFRE. BE . DR, s, IR
41, [BETE 10% M PR /R SR b . R e
Je B L 234 AR I ZE A R AR R A R W R
1 H.E 4eta, 5@t 458 (Mshot ML31-B, H1[E)
WL AL 458, I8 2 05 & FARPL(MSX2,
Hh DA IR %
1.9 £ERFARFIINESH#E

il FH 4 3 DA A 8 O ) & o e e, TR D,
PRI R 2Q2205 LA, Zoad 4l i Ak 4G
WSS, R . B oo i 45 i A0 £ 80 i i 4T
% BACLE NI R e A Y B 25 R AT BR A A o
BB EEE AR B/ N SCRE, FFR A Tllumina
NovaSeq Ml 5, @it AP H AR NGS) it
frl Iy . W, R PacBio Sequel V-1,
iz A AR TP R R, XA [R) SO kA7
ST H H AN R, >R FH FastQC XiF A 7 4 2k
fria i, E— Tk s Y LR M AL
1E, B ORARAS = 5T A I i o

iz | HiFiasm. Unicycler fll Flye % T.H., X}
Pacbio )3 F 577 th 14 IR 46 T MLE 3 E 17 41 2%
PSR contig JPA . FEICIERE 1, T 4T
ARG HERE, HE— 25 R AR 7= A 1 e i
Bed, il Walker 25248 19 pilon vk 3E
PG IE, A =A% contig 41%E45 R, KM IE
JE R BHREA, S8 8 H AR R o8 8 L P 2 F 8 PF
Fe o XTPRHED B 58 7 S0 AT A T PEAS, Il
b O HUBORL 51 F R, S0 iR i A5 91 A A 1 R

SR
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1.10 EFAZEAFBERDGEEIRMERARE
& 24 i

K H diamond FRA4K 58 BUER 11 4 A 55 K 1 )7
G XE, 43 l7E COG $udi & . KEGG ¥ ik 17
P B R K L ALF A L T A5 30 1 G A
PR A 2 DA BCIE i RN A TIUI 25 SR 255 5 2K, 442 R
GenBank #rifEg sUHLE Y GBK S0 58 & A
Ji, RN I AL I T IR R 1 22
1.1 EFRAAHHH

iz | GeneMarksS #{F:X} 52 %% 1t [R 241 )3 1) 7F
1775 F g i L DR A0 404 o B tRNAscan-SE
T H XA JE P2 Y L PN ) (RNA 5 R E A 70,
/] Barrnap #KAFXFEEASFER A RIS TRNA
FERHEATHI . X e Rfam £088 28460 HE i fis
RNA #4700 . F hmmscan %%, %£F HMM
BEAY N LR 4351 Hh T BEZm A 1Y CAZy BEZIG IL
BUFEATIROM . (i F BLAST k744 3 PR 20 2 ed 7
FJF515 VFDB $ds 2 HEA7 LT, Tt 5 R 41 v
Rl REAFFE 1 BE 1 BT A SR 3L R 35 PR 4 4 i 2
T35 CARD #4812 HEA7 H X, Tt 5 R 41 v
Al REAEAE P AE R PTMHEAR DG A
1.12 St

LG 2t B Microsoft Excel )543 4 4,
K H SPSS20.0 FRAFXT B A5 B A T B H 2y 22
43 M1 (ANOVA), Tukey £ H Hb# 22 519 i 5 Mk,
P<0.05 N @ EM2ER, BRI EAREZE(X £
SD)3K2/5, f#i il GraphPad Prism 9.5 #E47E &,

2 HRESH

2.1 REEES

R ZQ2205 7£ 30 C&IFTHiFE 16 h)5, T
M BAET-H B AL SRR . g s5T
Y 7% (EAR N 0.5~1.0 mm), £E5E2 B B
WIMLIE (] 1a). KB 22 RGO 5 R BN I 286,
Sy e R BN HE S B 2 G FH MR RR B (B 1b)0
F A SR AR, Bl B IR A BRIE B
URIEIE, Eif 0.6~1.0 pum([&l 1d). % 5 H 55 nT UL 2i
it R A B S BT, S o, A TR A 4 K, M
FRYA), A TR 0 2URE(E 1),

1 R 2Q2205 WY 5 AT &

a. WKIEA; b Y@, o BATHREE d FIRMAR S
Fig. 1 Colony and bacterial morphology of strain ZQ2205
a. Colony morphology; b. Gram staining; c. Transmission electron
microscopy (TEM); d. Scanning electron microscopy (SEM).

22 HEEANHETE

FKE ZQ2205 7£ 10 CHgwg LK, # 45 C.
pH 4 9.6 LI} 6.5% NaCl fi & FARAEK, gl
KAR-EM R BB BRI, AR L BB
FibE . FURELLBARATRE . 13 TAEARIE S5, BR
TRNERG, HAb 12 505 CF ILAHR R R4 E T
WE) i KR BR TR A 25 R — 3R 1),

K1 HEkk 2Q2205 £ TEE L 4SAE

Tab. 1 Physiological and biochemical characteristics
of strain ZQ2205

A S I Vi I o T 51231
Ky zon0s  THIRHERRER
test item Streptococcus iniae

10 C + +

45 C - -

pH 9.6 - -

6.5% NaCl

%1l hemolytic reaction B B
VP S8 VP test - _
MR esculin + T
#H% mushroom sugar + +
INZ4EE sorbitol - -
EHERY ribose broth - +
W% lactose . _
H#® mannitol +

HiAFBE raffinose — _
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2.3 16S rDNA F5 o7

NCBI e Xf 7R, Bk 2Q2205 16S rDNA J¥
51 506 AR BR E AR DL RAE 99% L) b REGERFW
R BN 2Q2205 S HAL 4 Bk IKEEER
HG2021-1 (FHEIE K 99.86%). SB1 (ML K
99.86%) . VN2396 (HH{LF N 99.71%) . ATCC

64 A 7Q2205

29178 (FAMIEH 99.71%) FHAHE, SRR K —
2, S1EFLEERRE (S, dysgalactiae) T JC 7L #EBR
(S. agalactiae) 5 HAMAEBRF LIE AR 4352, T
& % (AL [ (Edwardsiella piscicida) F1 4 (K
SR (Aeromonas veronii) 35 2l T WA F i€ i
(K 2),

89
WG KEEER T Streptococcus iniae strain HG-2021-1 (PP492817.1)
WEKEEEREE S. iniae strain VN2396 (MH095991.1)

94
90

YEIREEBRE S. iniae strain SB1 (MG912577.1)

99

YEIREEBRTE S. iniae strain ATCC 29178 (NR 025148.1)

100

T HBERRE Streptococcus hongkongensis strain HKU30 (NR 117974.1)
100 #yteh k4 S. hongkongensis strain FSHK 1 (JX046529.1)

—— {EFLEEBRTE Streptococcus dysgalactiae strain ATCC 43078 (NR 027517.1)

60 TCHBERREE Streptococcus agalactiae strain KU64SA 10 (OP684316.1)
100 S| pp it . agalactiae strain GYCmO81 (KP294526.1)

A ZAEAE L Edwardsiella piscicida strain ET883 (NR 125649.1)

0.05

|: H (RS NI Aeromonas veronii strain 115/1T (NR 044845.1)
9 WK S B MU Aeromonas hydrophila strain CCM 7232 (NR 043638.1)

Kl 2 LT 16S rDNA BB BE 2ZQ2205 RE & B W

Fig. 2 Phylogenetic tree of strain ZQ2205 based on 16S rDNA

2.4 BEsSMEHERE

Wtk 2Q2205 HA A5 Wi BEE T, ATTES A 1%
- 80 Y BHI [ElfAS: FRHSE FIE (U E A (11.11+
0.71) mm B9 HATTIERE (Kl 3a.¢e); £ 0.1%)7 K[
WOR YL EAb B, 75 2%0E 8y B3 7 BHI [ (A 57
B BRI AR EAR R(17.47+ 0.68) mm FY BH 4L 1) 375 B
(I 3b.e), WonizmEATER BT, SR, 1%
HAEA A GRBEYE, 755 1%RPREFGHER
) BHI AR b, AWEL 255 B P (8] 3¢); BEAh, 7E
& 2%MiAE IR BHI AR b, Wy AEL R T E
12 4(14.64+1.83) mm BB IHE (K 3d. e), TR
W EA
2.5 AKHEMH

K 4 g5 3R, Rk 2Q2205 5 12 £ 14
INEFHEAST- 510, pH=9 B A KAk, 1 pH< 5 3%
pH= 11 JLT50 (1K 4a). R R 0~20, HRAK
WA HEACE G IR BT T 25 R, (H 40 B

AR R 6 W BV 20U BRI, 80 B 4T T
AR (K 4b).
2.6 AYBRMENE

T A R BN, AR ZQ2205 X A AU
R, ZVEHRE. BReE . 95K, nhisx.
(TR S 7 V=5 SIS 111 /AN S (11 4 AN ]
TEPHMA T &R 11 P2 P ok, ARV AL .
VUM | SR R AE it i 4 Fhaidy b U,
X RV BRI R R T2 (3R 2).
2.7 HBANE

FEAMESE 8 I8 I SN0 5 Oy 2O
WA AT IR A B S AL, KA 1
KEMBEL TP TR, JFEH TR 3 dNsET:
2 LA S), £ 41E TR #E E 5 (P>0.05),
TEAER I EHR 2 0.5 CFU/g I, % 3 10 78 SR YL I
4 d WIFET-RWIAA T 100% (WA 5a H 4.8%
10 CFU/mL HHE),
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AU kA% B A IR K R BR TR ZQ2205 TR BRI AR W 2 e L SO 1k S 4 3 D 21 23 A 233

20 n=3; x£SD

17.47

THALE A /mm
digestive circle diameter

BEpinE  FEMEE SRS EOm

lipase amylase cellulase protease

iobd a7l

extracellular enzyme

Bl 3 Btk 2Q2205 JfBAh ™ My 1
a. BEWTREETE; b JERMMHENE; . SPAERMHETE d. EAMHENE; e DIV SEYIE HAE.
Fig. 3 The extracellular enzyme activity of strain ZQ2205
a. Lipase activity; b. Amylase activity; c. Cellulase activity; d. Protease activity; e. The diameter of
precipitation zone or transparent ring.

1.0 —~pH=3 - pH=5 -~ pH=7 - pH=T74

2 ~pH=9 —~ pH=1 - FA{:X}HE negative control

f5f[E]/h time

0 2 4 6 8 10 12 14 16 18 20 22 24

-0 =5 ~-10 20

0-
b 40 80 —=[HM:XTHR negative control

0 n n L n L L n L L n L n
0 2 4 6 8 10 12 14 16 18 20 22 24
B} 8] /h time

K4 Bk 2Q2205 A K £k
a.pH; b. R,
Fig. 4 Growth curve of strain ZQ2205
a. pH; b. Salinity.

2.8 ALAPAHFBETH

WLAEST T 6 h, B 540 45 41 4L ] K )
N K EE R, Horh, R B R, i
7 3.98x10° CFU/g (Kl 6). 5 12 /NI, &4 H
BTN, KRR RN, DR 2
o 5 24 /NI, £U1ZN I B 3 3 B s
(P<0.05), H: b JaC e A0 E DE B R RO O s
SRR E] T 6.51x10° CFU/g #l 2.75x10° CFU/g,
A, gL BT aa HBAET . 55 48 /B, 24k
A R R ME, EECm T, R A E
W R 72 h {UDEAENs, FRIFIE . O 0E

FILAI AN, HAL L 21 3800 T 1%
29 IERERIMALARFETN

PIRE 2Q2205 X B A AT N T FIRY A,
SEEP AL LS T IS, A AR
FET- R B I REAE SLOR N I L DL R RIS
LU B I IKBEER B . 2 40%32 JR e 5 i 7
9o R v 2 0 I LR A BR TR 1 B TRLREIR,
TR B8 A FR X I A (] Ta. b), [RIEFAE
7 DG ek A A R PR (L 7¢)

X A7 BB RE 95 F 1A T A SV B4 BT B,
JEREARPEIRFE, 2 PRI (B 8b); IR FE



234 Hh [ K R 032 4%
K2 EHKZQ2205 AFIWHER
Tab. 2 Results of antibiotic sensitivity test of strain ZQ2205
et I, 00T B T4 4 W B 9 /mm
S IRELY] Yy Eit B EA/mm  (he standard of inhibition zone diameter 2k
. l; 1d (ng/piece) diameter of )
antimicrobial drug disk content inhibition HU(S) L B (D) it 245 (R) result
susceptible  intermediate  resistant
M KRS R levofloxacin 5 18 =17 14-16 <13 S
quinolones SURIPAL ofloxacin 5 15 =16 13-15 <12 I
Bi#sTb A enrofloxacin 10 18 =29 22-28 <21 R
DBR 2K PUFRZE tetracycline 30 21 =23 19-22 <18 I
tetracyclines LV ZE doxyeycline 30 22 =16 13-15 <12 S
i ks S F#E chloramphenicol 30 20 =21 18-20 <17 I
chloramphenicols SR % florfenicol 30 22 =18 13-17 <12 S
KM ER L1552 erythromycin 15 23 =21 16-20 <15 S
i A% clarithromycin 15 =21 17-20 <1
macrolides FRIEEZE clarith 22 2 2 6 S
Fi[Z3 528 azithromycin 15 18 =18 14-17 <13 S
MATEEZEZE lincomycin - FEMFEZE clindamycin 2 22 =19 16-18 <15 S
SR LA ceftriaxone 30 29 =24 - - S
cephalexin SLAME cefepime 30 29 =24 - - S
B-INMEZE p-lactams FIBEPE AR amoxicillin 25 27 =18 14-17 <13 S
PR BEFEE streptomycin 10 0 =15 12-14 <11 R
aminoglycosides
B A R T8 & vancomycin 30 18 =17 - - S
glycopeptide antibiotics
M sulfonamides B Hi#W] bactrim 23.75/1.25 15 =20 11-19 <10 I
100 100 4,
£ 80 2 80f
£ o Xt1H g n=3;xSD - XHH
60 QS 60
\§ = 4.8x10° g -5 8.4x10°
& —A- 4.8x10* S —&- 8.4x10*
ﬁ * ¥ 4.8x10° f‘j 40 - 8.4x10°
B 90 - 4.8x10? 2 20 —- 8.4x10?
-©- 4.8x10! -6~ 8.4x10!

1 2 3 4
fif 1) /d time

A s

5 6 7

0 1 2 3 4 5 6
Af[AE]/d time

HAk 2ZQ2205 I3 )5 B TR

a. JLRYCEE, b, K.

Fig. 5

The mortality rate of Tachysurus fulvidraco post infection of strain ZQ2205

a. Intramuscular infection; b. Intraperitoneal infection.

PERR S, RYEAIMIZE . i Z3RFE(R 8d); B k%
PEARMLIZ M, BN JCE /NERZE M RS A (8] 81);
RZH 2 | B AR M RG A b ik, BN R RS, VR4
R (K 8h);, MNALZIREE RN, Ml IiLAE 4 et 2 4
YR (] 8)); Lo AEZH 2T B S EE AR A (& 81)o
210 EEABBAESHH

Wy 5 H A 500 BoR, Wk 2Q2205

JE 41 (GenBank %5 5%5 24 CP162310) i B —Ffk
Yeta R, BN 2128105 bp, GC &N
36.83%., ZFENAR N50 F1 N20 K25
12923 bp F 18777 bp. FEF L H 4175 2035 NEH
i I, HIEHARKER 87.51%, Ak, &
sE 18 MZBEHA RNA (rRNA) .68 N1z RNA
(tRNA)FI 34 4% RNA (neRNA)(E 9).
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Fig. 6 Bacterial load in various tissues of Tachysurus fulvidraco at different time points after infection of strain ZQ2205
Different lowercase letters indicate statistically significant differences of bacterial load among different time point at the same tissue
(P<0.05); Different uppercase letters indicate statistically significant differences of bacterial load among different
tissues at the same time point (P<0.05).
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Fig. 7 The symptoms of Tachysurus fulvidraco artificially
infected with strain ZQ2205

a. The black arrow indicates bleeding spots on the lower jaw
and fin rays; b. The black arrow points to bleeding spots in the

oral cavity; c. The black arrow indicates an enlarged spleen

with hemorrhagic spots.
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Fig. 8 Histopathological observation of Tachysurus fulvidraco artificially infected with strain ZQ2205(400x%)
a. Liver of healthy fish; b. Liver of diseased fish, the “” indicates hepatic cell degeneration, necrosis, and disordered arrangement,
“—>” indicates congestion in hepatic sinusoids, “«>”indicates infiltration by inflammatory cells; c. Spleen of healthy fish; d. Spleen
of diseased fish, the “-” indicates necrotizing splenitis, inflammatory cell infiltration, “~>” indicates spleen hemorrhage, focal
necrosis; e. Kidney of healthy fish; f. Kidney of diseased fish, the “” indicates inflammatory cell infiltration, “~>” indicates
glomerular endothelial hyperplasia, swelling, “«—” indicates renal tubular epithelial cell swelling; g. Gill of healthy fish; h. Gill of
diseased fish, the “” indicates proliferation and swelling of gill filament epithelial cells, “~—>” indicates inflammatory cell
infiltration, “«” indicates fusion of gill lamellae; i. Brain of healthy fish; j. Brain of diseased fish, the “” indicates brain tissue

inflammation, vasodilation, inflammatory cell infiltration; k. Heart of healthy fish; 1. Heart of diseased fish.
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Fig. 9 Circular genome map of strain ZQ2205
From outside to inside, the first circle represents the length scale. Circles two and three represents the distribution
of genes on the genome, and different colors represent different COG annotations of the genes. The fourth circle
represent non-coding RNA. The fifth circle is the GC content. The sixth circles is GC skew, when (G-C)/(G+C)>0
is indicated by yellow and (G-C)/(G+C)<O0 is indicated by blue.
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Fig. 10  Gene distribution based on COG function classification of strain ZQ2205
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Fig. 11  Gene distribution based on KEGG function classification of strain ZQ2205

1. Cellular community-prokaryotes; 2. Cell growth and death; 3. Transport and catabolism; 4. Cell motility; 5. Membrane transport;
6. Signal transduction; 7. Translation; 8. Replication and repair; 9. Folding, sorting and degradation; 10. Transcription; 11. Drug
resistance: antimicrobial; 12. Infectious disease: bacteria; 13. Cancer: overview; 14. Drug resistance: antineoplastic; 15. Endocrine
and metabolic disease; 16. Neurodegenerative disease; 17. Immune disease; 18. Cardiovascular disease; 19. Infectious disease: viral; 20. Infectious
disease: parasitic; 21. Carbohydrate metabolism; 22. Amino acid metabolism; 23. Energy metabolism; 24. Metabolism of cofactors and vitamins;
25. Nucleotide metabolism; 26. Lipid metabolism; 27. Glycan biosynthesis and metabolism; 28. Xenobiotics biodegradation and metabolism;
29. Biosynthesis of other secondary metabolites; 30. Metabolism of terpenoids and polyketides; 31. Metabolism of other amino acids;
32. Endocrine system; 33. Aging; 34. Nervous system; 35. Environmental adaptation; 36. Immune system; 37. Digestive system.
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Fig. 12 Genomic components analysis
a. CAZy function classification diagram; b. Statistics of virulence factor results.
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Tab. 3 Statistics of virulence factor results

25| category
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JE{H K F EF-Tu elongation factor Tu tufA
1A 7E 1 GroEL chaperonin GroEL groEL

fita 41l cAMP ¥ CAMP factor cfa/cfb
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nutritional/metabolic factor manganese ABC transporter, manganese-binding adhesion liprotein
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Biological characteristics, pathogenicity, and whole genome bioinfor-
matics analysis of Streptococcus iniae strain 7.Q2205 isolated from
Tachysurus fulvidraco

HE Jiancheng, MA Zhuang, WU Wenhao, GUO Zihong, CHEN Mingda, ZHANG Jiahao, SU Youlu, JIANG Biao

Guangdong Water Environment and Aquatic Products Safety Engineering Technology Research Center, Guangzhou
Key Laboratory of Aquatic Diseases and Waterfowl Breeding, College of Animal Sciences and Technology, Zhongkai
University of Agriculture and Engineering, Guangzhou 510225, China

Abstract: Streptococcus iniae has become the most serious bacterial pathogen in the aquaculture of Tachysurus
Sfulvidraco in China. In this study, we selected S. iniae strain ZQ2205 isolated from 7. fulvidraco to elucidate the
biological characteristics and whole-genome information of S. iniae, thereby providing theoretical support for
disease diagnosis and prevention. The growth characteristics, pathogenicity, whole-genome sequencing, and gene
composition were analyzed. The results indicated that strain ZQ2205 is a gram-positive bacterium, arranged in
single chains, exhibiting B-hemolytic activity. The strain demonstrated lipase, amylase, and protease activities but
lacked cellulase activity. It demonstrated a wide range of tolerance to pH and salinity, being able to grow in brain
heart infusion (BHI) broth at pH values ranging from 7 to 9 and salinity from 0 to 40. Strain ZQ2205 showed
optimal growth at a pH of 9 and salinity between 0 and 20. The antibiotic sensitivity test showed that ZQ2205 is
resistant to enrofloxacin and streptomycin, while its response to ofloxacin, tetracycline, chloramphenicol and
bactrim is intermediate. Infection experiments revealed that the challenge dose as low as 0.5 CFU/g caused
100% mortality in T. fulvidraco juveniles, causing significant damage to the liver, spleen, kidneys, gills, and brain
tissues, with the highest bacterial loads observed in the spleen and kidneys. Whole-genome sequencing showed
that the whole genome size of ZQ2205 was 2128105 bp with a GC content of 36.83%, encoding 2035 genes.
Eighteen virulence factor genes were identified, primarily involved in immune modulation, adherence, exo enzyme,
and nutritional and metabolic factors. Additionally, 21 antibiotic resistance genes and 18 antibiotic target genes
were predicted, mainly associated with penicillins, daptomycin, rifamycins, sulfonamides, and quinolones. In
summary, these findings demonstrated that S. iniae strain ZQ2205 possesses high pathogenicity and multidrug
resistance and robust environmental adaptability. The whole genome information revealed characteristics of
virulence and antibiotic resistance, which are of significant importance for preventing and controlling this disease.
Key words: Tachysurus fulvidraco; Streptococcus iniae; biological characteristics; pathogenicity; whole genome
Corresponding author: JIANG Biao. E-mail: jiangbiao@zhku.edu.cn
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