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(L. IR EE RS K228/ ) AR A8 7K™ Bl s T B 45 5 it R SR A EE A SE B0 =, | 7R WYL 524088,
2. TR A S TR RA K E (BT, ) 4 #ET524006)

. R E I EEERE (Streptococcus iniae) TEAS RN R FE 55 K22 5, a8 1 A= 4 il el e AN T )y
RIG A HTIZ AL 25 °C F1 35 °C R A RAFOLASEOR M, R SRR R 2 5 540 U T (Strand-specific RNA-seq)
FARX 25 °C H1 35 C Br 372 015 IKEEER T Tozj-1 W MEIEATIN 5 43 #r, T 6 25 5 3R 3K BE ), i 48 GO(Gene
Ontology ) %4 ¥ % F1 KEGG(Kyoto Encyclopedia of Genes and Genomes ) 5 ¥ i X} 22 57 A e #E 47 GO Dhiig
M KEGG 18 ¥ & 44017, 28 )5 F)FH VFDB(Virulence factor database ) £ 22 i Y& 25 57 3¢ 35 1) B B 57 1 SL K I
i FHSERT 28 M2 i PCR EATHIE . 455 Wow, M IKEEBR B 7E 35 °C F0F T A TE-H 0 A= 45l 3 RN SR 53 (1) 35 75
i SELA AL SRAT 927 A3 22 57 IR (P<0.05), Horbaud 820 A~ BiREEE A 107 4~ R IR ; GO D)
BESTRIN, 7R F TR g ik &85 G0 R KEGG BRI EM, 25 HEEFEFE
MR K . ABC Fz@  . BEARN S (5 5 E B . DA 125 53R BH I B VA s i K BR 1 25 [ 1) B SR 3R 8
KRB B, NG S IR B R B B W LR A IS B 34

X B2IR): W IREEBKTA; Sk 4 s IRLBE; 57 K gRT-PCR

FESES: Q819 SCERARERD: A

YRS 1674 — 7054(2024)01 — 0109 — 13

BUBH, B, K, A5 [ B RIS 114 fh 5T K BE BR T 5% S 2L 0 AT [0, B AR AR, 2024, 15(1):

109—121. doi: 10.15886/j.cnki.rdswxb.20230027

5 KB BR TR (Streptococcus iniae) J&:— Fj H5 %L
(7K A Bh IO B, 1976 4F Pier %511 AE h b 1.
WK (Inia geoffrensis) 1 & I 53 B4R 15, Z Ja RS &
e T R o e B LA AN B A A 2 R E
A7 T K 4% 3R Tk 4L 5P P 88 6% (Trachinotus ova-
tus)® 4, Je B B AE M1 (Oreochromis niloticus)® ™,
fi3 £t (Acipenser sinensis)” ¥, H 5% ff1 (Selenotoca
multifasciata)® . /N85 i (Larimichthys polyactis )"
w1 68 8 (Acanthopagrus latus)"" 25 1 99 1) FH & 41t
B o I RS BR TR HAA R T ARG
FRICT RS ERE A, AR E R E K&
Teii gk, IFZ B T B N AN K AT TAE# 1 e
<%

ks HEA: 2023 -03-03

VR I BR TR 1) 2 R BR T 508 SR PR AN B 1 B
1A K, — SR N T 2E B0 & A R R R rh s
RAFEEAEN, WREE . pH (H5F, JUHZ IR
IR IR 59200 0 & A S A B I A AR
J 9 B 7K T HAE 27 °C LAY, BLERIRAREDA JF
JERFATIR AT SR, 78 32 °C DL IR E 2
e f0 58 45 ) 1k R R ER RS , B AR A g ) A
AT 32 3 B 5 AR a1, A R TR T A T R
FEAE . AR RS G T R A B g st 7,
[ R, 58 1o 1 8 o YAF JK e BR 11 7 A B4 i o 7= g v
AIRE S A B 2 BUR A T, NI 520 20 18 75 11, Je
% 98 A A0 A SR I KA BR T 5 LI | B AR
TS AR 5 S P, DL R AR S R B AR R

& @ HER: 2023 — 03 — 22

E2WmB: BT HiRH R H (2021A05196) ; F K 84 & 11150 H (2022YFD2401200); ) 444 5 05 40080 2 31
XI5 H (2021B0202040002 ) ; B/ EERE S TR ZRAE 050 % (YT %35 H (ZTW-2019-06)

FE—EE: T (1997-), &, T RIEEREK 0% 2020 FA 879842 . E-mail; 2112001130@stu.gdou.edu.cn

BIEMEE: WABA (1978-), B, A8z, W+ A 00 . BF 55 7 1 : K 7= 2h W) s 5 By 45 5 (g R 9% 48 . E-mail:
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http://dx.doi.org/10.15886/j.cnki.rdswxb.20230027
mailto:2112001130@stu.gdou.edu.cn
mailto:huangyc@gdou.edu.cn

110 oy 4 ) 2 R

2024 4

) B T o DR B K A ) 5 ) S S A, T | A
BEERTAR MR K o

B YL (RNA-Seq) 4 A & — 00 BE % K6
AR EEAR TG SR B S B A F-B, HRTE A
228 R S HOR A AN B 75 ) .
Li 2529 | Ff RNA-seq £ R 4347 1 48 = 0 s
F 3 X8 B PR IR 7 0 RS, 25 2R R SR
JEE RS 37 B A0 B0 o T B A I I B 1
B S75 AN X AR [ BE R 15 9% B9 JC AL BEER A
EAT e S e, i 1 7 N5 AR G [ Ui
PP 3z v 1 RNA I AR S 1] AR 4 27 1
WFSE 7 1%, PRI R AT BRI AEAS [T B2 R i AR K
AR SRR AT 128 4k, T X F AN R
JE () A BRI T AL, DL B A R IR ] T
R AN A AL R Ak . H R LR
X TR MR B B TR S0 M A R i L R LR PR 5 S
IRAFGEHRIE o BRIE B 6% 23R /K R 5E 2
PR AL E S L R b, e S R R T K
BREARE 9, AT 5T LA IR 68 65 5 0 JIK 4 1R 1
Tozj-1 WS4, ¥ RNA-Seq $ AR X A ] 1
£ (25 °C N 35 °C)$5 5% A9 T K EE K e 26 1 7 v 3 o
TR 43T, O 18 22 S SRk B R, X 25 S ek L IR F
1T GO ThHEFN KEGG il % & 5 43 Hr, R 50 I %
Vg IV R TR 5 PR B S 2 TR 1 52 ) B A Y T fE RN
T, DA A 4 i TR S T K BR R B0
TR LR EE, 0 e Slitt— 25 I 1 K Bk P 1)
FoR LR R R

1 MRFREE

1.1 #RL AT R FH B bR Tozj-1 KR
TV AR KT B B 4a 5 (SR T
%, Tozj-1 NSLHZE T 2020 4E 8 F M) RAHIT
I 3 VR VAR X 5 B 1 2O DR JE B8 5 ( Trachinotus
ovatus) 7y B RS o 41 T BE 4 16S tRNA Il
. A PR A A S R T IR BEER TR (S, iniae) , 1 A
TR 5P E S8 65 A K R i ST, JR R A TR
AIKT S B R S R R S SR

12 5 %

1.21 A KGLERRME N Tozj-1 KK L 3%l
F BHI BRI, BT 28 °C HiRE I h 8
F% 24 ho FHTCTRE R AP A PR V5 B Fh 1 fef
B JC i BHI W AR KR F23E, F 28 °C, 120 rrmin” |

PRG AR KIEF . o LRI, 12 50007y
Lo 9 4 R 3 JE T B9 BHI K5 3238, 23 B8 T 25 C
135 °C 1H IR A, 150 rmin” IR 3% 55 3%, MR
JEFE 3AEE . AR 1 h BORE, 102 1 0
FEAH (ODygq) , F-22 AN RV R BE T 1146 K R v A
Kiih2k.
122 ATEERERE N THEIAFEREXT
B I B8 6% Y5 1 JK % 2R 181 2 7 15 ), A5
YR SRS LA TR NGRS . SESmT, % 28 ¢ P
KEEFRIHE K EEER L 1 2 50(V7/V) By He il Rh 3]
Hrfif BHI 853258, 730 8T 25, 35 C fHRFEIR
W 35 B R K (ODggy =0.9 ~ 1.1), WA
&, FHIC TR PBS 2% p ¥ K TR 7 B 22 1.0x107
CFU-mL™ %,

360 J2 £ B () B JE 65 6% [ 1R 5 i (50+6)
g B 1 FEMLA N 4 41 (2 S SER A A 2 X HRA),
R 3ANELE, BNER 30 Bfi, 25 C S
Tk 25 °C 1AFE, B RIE IS S 25 C ARSMEFE
i) Tozj-1 W2, % IELH 13 51 JC 1 PBS; 35 °C 52
B9 2H T /KR 35 °C 1RlF%, BRI S 35 ¢ Rk
Ri =Y Tozj-1 THAW, X REZH 7 45 7 JC B PBS.
WMELI R G 14 d NI A KR 5 L, 8 948
TRAET 0, A R I SE T I A T IR
IY ST, DI G I, S k] 1.1,
123 % RNA#R. (DNALAMEFRZHEE
MAE B 28 °C THFEERE Tozji-1 LA 1 : 50(V7V)
£ FE 9 BT3B 8 BHI P, 4391 T 35 C Al
25 C &M F 5 3% 2= X 5L K (ODgy =0.9 ~
1.1). BNRERE 3 M YRS, Hd, L
25 °C ¥R TG IKBEER BRI 6T B4, FRid oy CK-
1. CK-2. CK-3; LA 35 °C ¥ 5% g K Bk i1 4
SCUG 2, BRIC N Test-1, Test-2, Test-3. AL
B 1 mL B, 12 000 rrmin”' .0 2 min, % F
T, A 100 uL 7 B il AT, BT 37 C 24
15 min, 4% I Trizol 17 & 452 1 Ui B E 47 7R 14 1
AL RNA filt#i, 1 Ff Agilent 2100 493 M AP EAh
RNA Jfi & I 155 RNase free Bifig B EEIRE HL Uk AT
K, 28 B K56 I 44k B RNA, cDNA U
PR SR LI e TAEZRFET N 3 ath LA W Rk
FBRA FISE
124 RBFEFRIEEZRRZXERIH 5l
BAEAAEAER ) FASTQ %=X, i fastp™!(https://


https://github.com/OpenGene/fastp
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github.com/OpenGene/fastp) %f F HLECHE UE 17 B &
oI A I g, 25 BRI R h BRI kTS
e RARA IS A BB SR HIR AL N & i = 1Y)
Reads J5HZ3/4% Cleanreads. FIH T E Bowtie 21!
eV 2 ISR G IR DR Gl YR =0 el
JF 8 4 Lok 3 i 1K BE BR T 2 % 5L 4 SFI
(GenBank %55 CP005941.1) I, K FPKM 7%
TR A TR R AL D A R A K P, ] FDR 5
log, FC e e 2 S 3 A, i vk 25124 FDR<0.05 H.
[log,FC|>1,

1.25 RESH  MI5GH T EMN 2 7 KL
I, ffi ] R 15 Pheatmap {460 % 22 5 B A A 7
X R Hr . B 5, 133 2 Rk B e
GO(The Gene Ontology ) Fi4 2 Hr (1 45~ 3it H 17
Bipr, SRJEIE I GO YIRe W M s ™, 7Ek
Wb T R A R R D R A ARE . AR
T KEGG(Kyoto Encyclopedia of Genes and Geno-

mes) FHE %, Xt 51~ KEGG pathway A [A] )2 K 1
FETERY 22 5 R IR FE B HE AT GE 11, B Gk 2k 22
SR R 1) B PR AR NS S e, i — 2P
TR AR, B, R U225 %,
PA Qvalue<0.1 (Y Pathway 1E N 7F 2 7 Rk FE A
i 2 5 4R (1) Pathway .

1.2.6 £/ RXBFHRAEG qRT-PCREIE
T B TR IR BR TR 2 SR LB B AT SR, 22
Pk H A 5 5 1 R F i % (Virulence Factors of
Pathogenic Bacteria, VFDB)# 17 F XJ, i i H
2245 IO 22 R R GEHE I, fi ] primer
5.0 BAFB R Sk w5 1) R A FR A S [ )
I 1), BIZFEE TAY TR (L) ki A
FRAFI S L. HRIE cDNA S % 77 & A FH il
B B UK A A% 1YL RNA S % 538 cDNA, I
52 B} 9% ¢ 7 B PCR(Real-time quantitative PCR,
qPCR)F AN H A 77 S KT 1 B 11E, qPCR S

R 1 KNERERESHEER qRT-PCR 571154

raesr2 GIE/E420 FiES A (5'—3") TSI (5 —3")
S 16S rRNA CCAAGGCGACGATACATAG TTGCCGAAGATTCCCTACT
srtF GGAGCAGGAAAGTCAACG TGGATAGATCGCAGGATT
ABCHEZTE oppF AAACCACTGTTGGTCGTGC TCTTTGCGGAAATCTCGTA
oppA GGAAGTAATCTATTGCGTGTC TACTGCCATCAGACCATTT
ciaR AATGCGTATTCAAGCCCTCT AATGGTAGTGTCTCCGACT
SRR ciaH TGCTTTGAAATACACGGACTC AACACGATAGAAGCGGTCA
phoR AGGCTAAACAACTCCACTT TCATCGGTGTACCTAACAG
phoP ACAGCAACAGATGGCAGAT AGACCTCAATACCGTCCAA
M E sagl ATGTCATTGTTATGCCAACT GTAAGGGCCTGCACTCAA
CAMP[H T camp TGCCTCAACATCAAACAG ATGGCTTGAACAGCATCA
htrA TCAGGTTCAAATGGAGGAG AAGGCAGGACGAATCACT
danK CAGTTCGTCGTGCCCTTTC TTGGCTCTTTACCAGTTTCAG
it clpE GTCCCTCACAAACTCCAGC CTCTTCAAATTGACCACGA
nanA GCCGTAACCGCTCACCACT TTTCAATCCCGTCAAGTCC
hylB AACCCTGCTTCAACACTCT CCAATCTCATAATCCCACC
C5afikif scpB GGGTTGAGTGTCCGTAATT CTGACGCATCATCATCTGC
essC GCCGTCAACGCCTCTTCTC GGCATTGGCTCTGTCACTT
R secA2 AGCTGGAATTGAATACGC AGATAATGAGCCCGAAGG
secY?2 GCATTAAACCAGGACAAGC GATATTACCGCCACCAGAA
secY ATAGCAGCTCAACAAACCC ATGCCTTCAATACCAGTCG
PSR cysB CGAAATCCTAAGGGCATCA CGTTCCTCCAACAAAGAG
galR GAGGCTGGTATCACTGTTC GCAGTAGTTCCCATTTCCT
AR glgA TAGCGTTTGCTCTTGATGT TAAGCCTGACTTGCCGTAT



https://github.com/OpenGene/fastp
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LR 95 °C FiAEYE 1 min, 95 °C 281 15 s, 60 °C
iRk 20 s, 72 °C FEAH 30 s, I3t 40 ME ALY

60 °C B rRZE . Ll 16S IRNA LK P23t
IR, SR 27280 Ty e A i 0345 7 0 SR D B AR X 36

BLLy i 8
2 HER5HH

21 ARIBE TEHEREMEKIE HIKEE
BRIETEARIG 1Y 2 DMIEFRIREE T, 35 C B K
BT 25 °C, BRAS P U A AKX, 35 C
FE 3 h e AR B EOE K|, 25 CHAE 9 h AL
AIRBDHECA K, BEAE KA, 35 C W
W % H BS T 25 C R R OGE . Y WO
ODygoo TE 1.0 ZEA7 I, 2 A 35 50 B ) T K4 3K T
P FXBE R (E 1) o

3.
ot
3
1t ——25%C
—+35C
O L L 5
0 10 20 30

i FRtA]/m
E1 BRSBTS FRE THE Kk

22 AIREBRIEHER AFENEEE A TERYLE R
R (& 2),35 C B, 7RIS 1~ 3 d BRIRERESR)
MEBLK BT, ZRET- RE W TRE, &6

— PBS 25 C

—+ PBS35C ];| .

—— Tozj-125 °C o
4nw435%.____:
81.11%

12.23%

0 5 10 15
JERYY A KEud
&2 IFMEIRE XIS S A EE IR ER I AR
*ROR 22 5 W (P<0.05); »*EK IR EFWH B FH
(P<0.01)

5 RKAFIEFET, B B0 BR 6550 T 1 H B 55
B MRERGE | 0 S B A I SRR, e SR TR £ 00
BHESR, 16S rRNA Y8 Ml IKEE KT . 25 °C B,
SRIE SRS ARG 5 3 RINAR HBAET S, 5 4 KIT
IO RAET, JET- AR, 55 7 RAFIESET .
TR J B 3R B AR 7K IR 35 °C 1 25 °C 3 0 BRI 6
50 BEAET R4 50 81.11% Fi1 12.23%, PBS X}
TR AR BIAET

2.3 5 RNA BJHEU $HUEE 9% 2 06 80 K
(ODgp =0.9 ~ 1.1) it K EEBR TR A9 5L RNA, 1% it
PEWHE I F, Tk 45 SR A 8] 3 BTz, 28 S Bl 18 S Y 4%
HEE BT TCORHEL, RNA SERMELS, JoREff . R A
R I ASC I i 5 S TR RE B Asgg /g0 bl 7E
2.0 247, WeFE N 400 ~ 700 ng-pL !, RNAJRH4F&
BRI F I EER .

4000 = W
e e e —— O8RS

2 000 = e
_—  —— — 188

1 000 = s
500 = s— 5S

200 = s

3 1% A FE AL BB kAN E BRSE TR E Tozj-1 ¥k 2
RNA
L 3% DNA marker, 1 ~ 3 3} 25 °C 3535 T 405 4 RNA,
4~6 435 C 3% FA0E A RNA

24 HMSEEMSH AR PENRERE
3R E S, Hirh CK-1, CK-2, CK-3 43913
/R 25 C W 3447 #E b, Test-1, Test-2, Test-
343 0FRR 35 C 1 3 FATHE S . GnlEl 4 B,

1.00
0.9011/0.8837| CK-1 0.98
0.89690.8807| CK-2 0.96
0.94
0.8996/0.8830] CK-3
0.92
0.8931/0.8886/0.8912 Test-1 0.90

0.9011/0.89690.8996 Test-2

0.88370.8807/0.8830 Test-3

22 2 7 7§ B
R A
4 HEREXMSTRE
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[] — L BE 7Y 3 AP A7 R S A DG PE R BFE 0.998 0
DLk, RBIR A 3R P iy 5 sk 2 Bl 2
A EmEE M, v HTFELSST.

25 HRHIESFRETM Nlumina 715 2]/
B 228 50 o s A I RN AR O U, B 43R5 Clean
reads, 4% £ K 1Y Clean reads 5 Raw reads fit) Q20
1 Q30 43k E] T 97% 1 93% LA I, GC &= 7E
K REAR N —B, R 40.19% ~ 41.22%(F 2).
DA B8 35 3R WA B s 4 e i s R4, Tl DA

FIRgt—H 51

26 ERRTIEEEKNSM 1 H Bowtie 2 F {4
Wt 6 A~ Ttz 57 21 B4 e S 200 K B BR B SF1 JE A
dH, Z5 RN, TR B B AT R ) 5 DN A
e, IF Hsk SR A B LR R TE 98% L F (3R 3),
Ui IR S AR T A, T DU T s 2 ik e 45
Bro 25 RIRFEH L E 5 PR, i ik £
927 A1 % 25 S AGE A, Horp 820 /> iR RE,
107 R ERIA

*2 WEAIEREERRIT

N Mg I
i Raw Datalbp  Q20/%  Q30/%  GC&#/% Raw Datalbp  Q20/%  Q30/%  GC&#/%
CK-1 3283961700  98.06  93.98 40.78 3202330021  98.11 94.08 40.49
CK-2 2481964500 9820  94.34 41.20 2397726314 9827  94.47 40.83
CK-3 2190706200  98.03 93.95 41.22 2118495261  98.11 94.09 40.85
Test-1 2753256900  98.03 93.97 40.76 2655059882  98.11 94.12 40.35
Test2 2777076900  97.89  93.63 40.60 2677608106  97.98  93.80 40.19
Test3 2516073000  97.77  93.33 41.10 2415735833 97.88  93.53 40.66

3 RIBBURLLIBIRRE 27 ESRIEEEM GO EESEN X35

PEEL Mreads¥t  DUMC b ifreads$t  DCACLLf1/% ) 25 S 3% 38 5L AT GO 1 B 3 i, AL 15 2
CK-1 18162776 17938781 98.77 16114 GO ThfE e, Horh A= M12 1d F (biological
CK-2 13888834 13717694 98.71 process)959 > . 4l fitd ZH 43 (cellular component)
CK-3 12276544 12129610 98.80 446 143 T P HE (molecular function)570 4>, Ul
Test-1 16739444 16498781 98.56 ] 6 T . 25 55 Rk B A M2 A 2610 GO
Test2 17315536 17063 899 98.55 orms B B 2 FETF 12 5 A G I
Test3 14858622 14630754 98.47 (metabolic process) . i & (cellular process) i
Volcano plot PG HLid 7 (single-organism process )% ; HK &

30 }T_—"' - 50T IIBER K terms, 331 8 4, TEAALIG

25 , ii:' Pk (catalytic activity) . 4%+ (binding)55; 5 4 fi 21

T W SYAT 1 terms e, S 7AS, FEEAT A (cell)

2% oAl IS el part) 1 membrane) %, HERR 4R

1 A g BACHLT R A R  —ATHLR AL

¥ 10 G g AU AT P LA T2 60 2 1 22 5B Lo 2,

BT R A
> , 2.8 £RFXEEMN KEGG BES K2 e
0 i AR 2% R AT KEGG B 45007, 45 5 7%,
S e o 820 A F A ik HEIR AT 289 A PR T LA 4 51
s ZERESHAUE KEGG Y 98 4% pathways, Hir i 2 5 4Ef) pathways

LLEFIR EIHFRIKRIYRED, R (7R T IR HE,
RO R R RIBEN

A5 X PRSI EH G TR
5 I 5% iz R N3R5 A %, A% ABC iz |
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Level2 GO terms of CK-vs-Test
300
™ up
250 m down
72}
£ 200
[0
]
[
° 150
0
E
5 100
Z
) l l L
0....LLF..-.-.*..I....L....I..IL..__.*—. i=l
5 5 S5 0O SO0 S DS N DG D Lo o L &
Odz?«’ oz%ooe? Q&@ $0090% N Q@%\oozf’ &&O&%OQ@% cp\qfo & 00\@ $ «\@\\ F 8 &Q&%\Q}\é@&\ &Q,&@
FEGNVIETETSTERT TS FETFE T S & S
SR FFLEP 0 T TSP T EF  FESEHS
FFF " EFFTE S F& TP FTLEFON
FFYE IS Q‘Q & < & O T F. R
& Q NS SN %Q NN . A \’é\ < ;\\0 \@..dw &
¥ NS ELFLE S & TR
8 o ¥ e S
& ;00 &QO N \\0 @0 Q% &P
O 3 & FFS
& I & & Sea¥
& g & X i
$ _@* . &b &
& > N
J & o &
\‘Z;& < A >
Z}\\} Q\@\ \{b
¢ S
Biological Process Cellular Component Molecular Function
El6 CK5 Test ZRERE GO 733
(a) Top 10 of KEG Enrichment with Up-regulated Expression
Ribosome ° Gene number
- 1.00
ABC transporters | @) . %%(5)
Quorum sensing | ° : 4075
Fatty acid metabolism f ° ® 54.00
§ Fatty acid biosynthesis ° —log,(Qvalue)
= Two-component system @ 2.5
& 1.5
One carbon pool by folate . 0' 5
Acarbose and validamycin biosynthesis | . .
Biosynthesis of various antibiotics
Phenylalanine, tyrosine and tryptophan biosynthesis .
06 08 1.0
Gene Ratio
(b) Top 10 of KEGG Enrichment with Down-regulated Expression
Phosphotransferase system (PTS) | ° qezn% number
Fructose and mannose metabolism | ° . 47t8
Amino sugar and nucleotide sugar metabolism| e ; 95
Alanine, aspartate and glutamate metabolism o ® 120
<§ Carbon fixation in photosynthetic organisms . ~log,(Qvalue)
g Lysine degradation | 175
A~ Microbial metabolism in diverse environments | @ 1.25
Ascorbate and aldarate metabolism . 0.75
Carbon metabolism| e
Glycerolipid metabolism . .
02 04 0.6
Gene Ratio

&7

ERRILEEN KEGG EE /(35 °C #HXTF 25 °C)

a. ik DIAEFE Y KEGG & H0WT; b. ik TIHEEFE Y KEGG &£ 08T
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WA AR . BRI . PR TR AN G B B PR AY pathways A A2 HEZ LAY (€ 4),
(Kl 7-a) o BRILZ AN, BEFE D E SR FTEM I Rl sreF FEH (K710 0263)7E ABC #%iz | FEA
BHCHI A DG N (EAE R R, X R E E O RGO 8 8 i R 4 F R Rk

x4 FRS5ZFERN ERARKEER

FEH 45 HEA log,FC P1H (ERepit S
K710 0263 srtF 3.545569 062 4.87E-07 ABC. QS. TCS
K710 0976 pstS1 1.033494031 3.50E-21
K710_1395 pstS2 1.95493017 0.000493456 ABC, TCS
K710 0264 - 1.435244618 0.033047506
K710 0434 alid 1.773511395 4.04E-88
K710_0435 amiC 2.144 477475 2.01E-147
K710 0436 amiD 1.999414258 2.79E-108
K710 0437 amiE 2.644802 657 2.2E-135
K710_0438 oppF 1546252336 5.51E-34 ABC- Q5
K710 1372 oppA 2.841219614 9.87E-36
K710 1541 livF 3.018078137 7.12E-24
K710 1542 livG 2774570548 3.04E-27
K710 1543 braE 3.172328349 5.42E-46
K710 1544 livH 2.123233661 6.80E-14
K710_1545 braC 1739006 903 4.55E-08
K710 1899 oppF 1465280432 2.26E-60
K710 1900 oppD 1.390808961 2.33E-58
K710_1901 oppC 1860690382 5.27E-90
K710_1902 oppB 1.838812786 3.31E-75
K710_0983 ciaR 1.254553 2.19E-23
K710_0984 ciaH 2.680568 694 2.45E-103
K710 1962 - 1.18165149 4.63E-08
K710 1963 - 1.490948251 1.20E-14 QS. TCS
K710_1964 - 1.597587531 1.1E-20
K710 0266 spaR 1788729367 7.42E-07
K710 0267 spakK 1.534275087 2.29E-06
K710_0700 lefB 1.690794 566 4.46E-27
K710 1743 accA 1.562040 684 3.24E-57
K710 1744 aceD 2.053 546645 5.86E-106
K710_1745 accCl 2.160376735 1.45E-128
K710 1746 fabZ 1.80677952 8.39E-86
K710 1747 accB 2.817952264 2.85E-41 FAM.FAB
K710 1748 fabF 1.760435914 1.04E-111
K710 1749 CLKR27 1345256763 7.69E-51
K710 1750 fabD 2.368803207 9.24E-116
K710_1751 PA1024 1.624 187665 5.32E-40

1 : ABCHE ABCH% 23 5 QSTE ARV A s TCSHE ML) B 45 ; FAMAR g 5 R A Ci5HE 4 FABIS IR R & Rl
log, FC R AHXT Fe IR 544
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35 C AHXT T 25 C A 45 DI TR,
ST AT LS8 KEGG B 38 2% pathways, #4218 [
2 V8 5 e 21 5 S B 35 & 42 1Y pathways, X 2E
T PR A R LT85 25 ORI RN SIS 1 AR
FCIHAR DG, EAETERR L ARG R 40 . RN
L SN AR QA B (& 7-b), 735 a
5 33 A B E & 4RI pathways.

2.9 EFEXIEN qRT-PCR IF N T iFAL%E
SRR AT SRR, BEDLIG L 22 25 R Rk R &

0 0
srtF oppF oppA ciaR ciaH phoR phoP camp htrA danK cIpE nanA hylB glgA cysB galR Sagl essCsecA2secY2secY scpB
[ | * [ | f [ | *

ABC ¥z WD RS CAMP fif

M

BRI, SR F SER 2 E B PCR 17 A6
B SIS G SR KT, RS SE RS 3 IR AE A
A, DUOR TR i HE o 1k, 25 R &l 8 TR .
2 PRI T 1 28 SPSS BRI AH ST, M6 &R
BOEF T 0.824, A .35 (P<0.001), $LHH qRT-
PCR KiE %5 5 5 RNA-Seq 30t BA Bl 19—k
P, I H LR R AR i B A SEA A ], i — 25 50
TE T 55 S B0 1 T Sk

== RNA-seq 130
== qRT-PCR

L
[\
(=)

=
AHXT IR /%

AW B RIMER RS CSa Ik
REER

8 SERRUEIKEITE 25 C F135°C FHTHNEXEERNENRILE

210 BESENETFERFRENEXME R
SCHR® 2 L K VEDB ¥4 R # i %%, K B 24
58 A~ AT L s I A v K B B B 2 1T IR o
5L, _BIERIRITE ST 46 4, B2
M 3R (Sagl) . & B 3 (fapl) . 5% % 90 77 I 1

(cysB. galR)Fl C5a fkTf (scpB) 45 21 8
T, 7 35 CHFRFAM T RN TFIRRENFRIL G
5 25 C 537 44 F A B 2T (log,FC>1.6);
TR IR B T R S AR X B, AR 124>
(5% 6), Ho o &g K BEBR A 7 1 bR i 26 simA

*5 LARENAESHET

HRgT BN REHRBE log,FC PiE Howtk
K710 0202  adcA zinc ABC transporter solute-binding protein 0.880109591 4.58E-07
K710 1317 adcA ABC transporter, substrate-binding protein 0.700787773 0.000713
K710 0463  fapl LPXTG cell wall anchor domain-containing protein 2.813413469 6.74E-158
K710 0464 --  cell wall-anchored protein, partial 3.049435798 7.41E-62
K710 0465 - liver stage antigen 3 3.180292852 1.65E-112  Zh[ft
K710 0466 fapl accessory Sec-dependent serine-rich glycoprotein adhesin =~ 1.86831671 2.47E-45
K710 _0469 --  accessory Sec-dependent serine-rich glycoprotein adhesin ~ 2.140592405 1.16E-84
K710 1067  strA sortase 0.88369926168  1.36E-19
K710 1757  dnak molecular chaperone DnaK 1.674 89208905
K710_1013  yplQ hemolysin Il family protein 1.695 832888 1.03E-62
K710 1282 -~ Sagl 1.930380188 1E-24
K710 1283 - Sagl 1.63917186 5.55E-37 s
K710_0589 --  ISSag7 transposase 3.804604311 0.000922 %g?@
K710 1286 - SagF 1.48053786 1.87E-18
K710 1289 --  streptolysin associated protein SagC 0.646170474 2.38E-05
K710 1290 -- SagB/ThcOx family dehydrogenase 0.13695252 0.3274135
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LN i 5 SEH hRET R log,FC Pig Bowtk
K710_0950 -- CAMP factor family pore-forming toxin 2.420733487 5.35E-78 g/ﬂ)
K710 1575 scpB  segregation/condensation protein B 1.822257336 7.87E-24  C5afikff
K710 _0833 cpsB cpsB 0.541827357 2.13E-06

K710_0834 epsC cpsC 0.54955598 4.33E-08  JEfiL
K710 0835 c¢psD  tyrosine-protein kinase 0.65100143348 8.62E-10

K710_1854  essC  type VIl secretion protein EssC 1.036654657  4.94E-37

K710 1857 - type VI secretion protein EssA 1.792524 646 7.30E-06

K710 1858 esad  type VI secretion protein EsaA 1.555802255 3.85E-51

K710_0099 secY  preprotein translocase subunit SecY 1.61255272 1.13E-91 RS
K710 0471 secY2  accessory Sec system protein translocase subunit SecY2 1.470711097 3.92E-15

K710 0475 secA2  SecA2 2.013221387 2.85E-80

K710 0153 - type Il secretion system protein 4212993723 0.0001727

K710 0831 cysB LysR family transcriptional regulator 2.737240401 9.72E-171

K710 0832 taglU  SAK 1262 - regulatory protein CpsX 0.411128745 2.42E-05

K710 _0293 galR Lacl family DNA-binding transcriptional regulator 3.35070055 4.01E-216

K710_0307 BCE 2019 MarR family transcriptional regulator 1.172169347 1.77E-15

K710 0113 -- TetR family transcriptional regulator 1.396816216 0.0127906

K710 _0142 adcR ~ MarR family transcriptional regulator 0.601342176 6.69E-05

K710 0159  MJ0272  helix-turn-helix transcriptional regulator 2.609316032 3.61E-12

K710 0190 yeiT DeoR/GIpR transcriptional regulator 2.072378929 3E-96

K710 0216 endR  Lacl family DNA-binding transcriptional regulator 1.007490952 7.92E-15 5 iETy
K710 0221 wfU  response regulator transcription factor 0.526432 544 0.0436715 +

K710 0223 vdfL MerR family transcriptional regulator 0.879891334 8.93E-06

K710_0252 rgg Rgg/GadR/MutR family transcriptional regulator 0.554807421 0.1430867

K710 0266 spaR  response regulator transcription factor 1.788729367 7.42E-07

K710 0307 BCE 2019 MarR family transcriptional regulator 1.172169 347 1.77E-15

K710_0983 ciaR response regulator transcription factor 1.254553 2.19E-23

K710 0984 ciaH  HAMP domain-containing histidine kinase 2.680568 694 2.45E-103

K710 1396 phoR  two-component sensor histidine kinase 1.349739342 8.62E-40

K710 1397 phoP  response regulator transcription factor 1.144507733 S547E-17

*6 TREREMAERSNET
HH G A IR log,FC PiA ot
simA - SiM protein / LPXTG cell wall anchor .

K710_0182 -- domain-containing protein —0.886343218 0.0550742 SiMZ#&
K710 0298 - preprotein translocase subunit YajC —0.527790103 5.45E-07 TR
K710_0255 -- ISSag8, transposase —0.381375332 0.065939
K710 1553 -- ISSag8, transposase —1.000831387 4.81E-15 SRR TE
K710 1011 - ISSag8, transposase —-1.202452481 4 88E-24 WIS
K710 1641 -- ISSag7 transposase —1.993544978 0.138188
K710 0249 hssR response regulator transcription factor —0.092622415 0.551351
K710 0288 Irp PucR family transcriptional regulator —0.452055279 0.003 169
K710 0486 lacR AraC family transcriptional regulator —1.038713833 5.09E-11 ol SR Y
K710 0744  purR  Lacl family transcriptional regulator -0.816241597  1.03E-13 IS
K710 1606 arlR response regulator transcription factor —0.566354947 1.75E-08
K710 1905 glnR MerR family transcriptional regulator —0.402293774 5.01E-06
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T R T 241 PR B ) P B BRI .
TR 5 | 2 1 0 s 1) 2 R AEAE 5K IR A B
BRI . SRR A AT A SRR, B
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FETRABBEZ T8, 76 33 °C FET- b 5 X R
LGN R ITCFLEEER L B A fa fE 37 C JET %
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Bt 5 B AR A R BT R, ik 26 °C LA
B B . FEAHER , N Tl R i g0 25
R, DPIE RS IR YL K BEER AT IS 7E 35 °C T
T35 81.11%, MifE 25 C F LT RN
12.23%, 2 MR RY PBS X TRZHH4K HEAET, U4
M KA BRI TE 35 °C B EE ) a8, 3300 90T
R, KRR A TR, AR 7 O
TV 8 6550 3R TR o3 1) A 79 2 R A i 5 v R 3R, B
WABR 5 1E 25 C LN L ARG R W, 1F 30 ~
35 C WHAET- R m . HiL, A E 25 C 5
FEAE B ER T VR A X IR, 35 °C 55 3R A K BE
BRTA A SL 0 20, PR5T FLAE A R EE J R 2 s K
- 25 S R Tk, s R 6 KB BR TR B A
PRI R 5

FEAAFFE 1, 2415 B FDR<0.05 H. [log,FC[>1
i, 55 25 C 53R IKEEER TR AH L, 35 °C 53710
T KRR B B35 LML 820 A4, T & T
PR HAA 107 4~ WK F, 7E 805 55
FEWEE S (35 COWBR R ZHE AL T F PR,
PRI R 2 BOM B0 96 BR” RS, A A A R
(25 C) R R ZHOSE R 535 T I, sk B AR
AHXIAIB A “IEER”, BARR I S e mift
TR G 14 2L PR 331 A, T 5 A0 R T A DG i
RIS 2% 1. Mereghetti®Y S5 7R 5T TOFLEEER 18
G JE DR SR I P B AT AL & B, s T i
AHCEERITE 40 °C B B IRERIA, AL T-A K Fe e 1]
R 2 R R AR AR DG JE R 7E 30 °C B BRIk .

ABC iz EH R MR KEARKEZ —,
IFTEA A )2 ARTE, Ho¥ ATP K 5 &MY
(A E T, BT, Ak, [ B, B 25
F BB A e — AR, ORE 5 B0 M o R
] B4 300 SN B s 4 . FEASHIF S R, T K K B 7
35 °C I ABC % iz 38 P AH OC Y B H 25 M,

35 °C M KEEBR TR 0T BEVS K &5 Pl i 5 5 11 BE
A, LIS BTG L S AR, BRI S —
MR FEIEST RS, B LA—F 8RR A AIP(autoinduc
ing peptide) i 155 IKVE NS5 01, 1 BRI
T B AR B R 7 i A2 4k, JF41 8 B R 58 15 5
B B RG4S, BB OWZA RR 480 O
FE AT IR PR, — 28 ATP BRI BR7E A2 b
P&, (B2 ATP JCHE [ H 2538 A RE, PRt
WA L ABC 1z i 72 495w H: A 7y 5 3 AR 1
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257 ABC ¥zl % . WSS RS /i
TR0 38 B . B 7 R AR R A R B Y
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B i B AH AR I,

FE T PR8I v L s B ()2 XL 0 R B
B g i k7 B2 R 5 B (Citrate lyase) A 56 [ 5
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Transcriptome analysis of Streptococcus iniae from

fish at different culture temperatures

JIA Xinlei'?, HUANG Zengchao', YANG Lindi', LYU Jing',
LI Yanping', JIAN Jichang', HUANG Yucong'?

(1. Fisheries College of Guangdong Ocean University & Guangdong Provincial Key Laboratory of Aquatic Animal Disease
Control and Healthy Aquaculture, Zhanjiang, Guangdong 524088,China; 2. Southern Marine Science and Engineering
Guangdong Laboratory(Zhanjiang), Zhanjiang, Guangdong 524006, China)

Abstract: To identify the differences in transcription level of Streptococcus iniae at different temperatures, the
growth and pathogenicity of S. iniae cultured at 25 °C and 35 °C were analyzed by using growth curve and
artificial infection test, and strand-specific RNA-seq technology was used for sequencing analysis of S. iniae
Tozj-1 strain cultured at 25 °C and 35 “C. The differentially expressed genes (DEGs) were screened and their
GO function and KEGG pathway enrichment were analyzed based on the GO (Gene Ontology) database and
KEGG (Kyoto Encyclopedia of Genes and Genomes) database. The key differentially expressed virulence
genes were filtrated using virulence factor database (VFDB) and verified by real-time quantitative PCR. The
results showed that S. iniae grew faster with a higher virulence at 35 C. A total of 927 significantly
differentially expressed genes were screened (P<0.05), including 820 up-regulated genes and 107 down-
regulated genes. GO functional enrichment analysis showed that the DEGs were mainly enriched in metabolic
process, cellular process, binding process and catalytic activity. KEGG enrichment analysis revealed that the
DEGs were mainly enriched in ribosome, quorum sensing, ABC transporters and other signaling pathways.
These results indicated that temperature regulated the transcription and expression of S .iniae genes and the
enrichment of related pathways, which provided data support for further research in the pathogenesis of

S .iniae.
Keywords: Streptococcus iniae; transcriptome sequencing; temperature; virulence factor; qRT-PCR
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