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S5 7 88N R b A K AR T, SRAER VR, A
A AR AT A0 B RN N R AR HE S
WAL, EMR, HMBIKESS . IFFE(Chen et al,
2018).

WK SRR 12 0 A T4 PR AK KIS, 15 275
Tz, SRR A IS R UL A E N SR TR (FR A A,
2014), At JE—Ff Rl g A —H—fa LY R R R (1 255,
2019), w51 A E By . E i Mg K
JiE 55 (K 2 4, 2020; Z5/NHEAF, 2020) . 3% B R 10 )
fEFE W P E, YRR M B AL
GRES I, DASRAAN B R o Sk B AR R £ 2 i 2 1Y) o
M E s s, PR EgiES B ke 4t
[ SIS 50 Ny, dedr o SR E R (A
&, 2005), eyl & Y HOR (RNA-seq) B IRTGRF & 4%
PR A U i i ke 4H 29 B BT A S AR A U8 Ol Mg A
2021), Bz N F o e oER s A 3 S B e g g
2B WG KR A B A R TR A P R B R
T2 R YL % £1 5 | JES ) SR s S N H DB R . Rk, AR
WFFEFIFH RNA-seq A8 7K A AL 1 B S s il
Je AT HG SR AT B, 0 18 SR B S e A OC 1Y) 22 R 3R
HPH, & GO (gene ontology) 7+ I e {H B Al KEGG
I [ AT, IF A SERT 98 E B PCR (qRT-PCR)
FARXTBEMLLEEUY 1L-6 %5 7 A5 22 553k
K HE K (DEGs) AT A & = AT, AR T RE S 5
o 38 IS P i 3 356 DR R 8 7 308 S5, DT S i A 568 o ¢
G RER BB S %

1 #wRERE
1.1 L& SEHK

ekt J3RE SR 8 0955 P YT 9 N T R EQ R R OK P A PR
AL, AR E R (130+5) go SEEET, T/KIR N (26+2)C
PIRAKVEFRFRIE R GETh 8 5% 1, DA B S g A Bg

SIS IS K S BRI G3 BRSNS T &6 e g,
P 7S S 3 28 AR AE (SR B AE, 2017) , S PRI Al 1% 35 1 ik
AP T LB 8535555 16 h, 5000 r/min 250> 10 min,
LW, M pH 7.2 BUJCH PBS 2% vhil A,
IR BB B & 2.3%10° CFU/mL,,
12 NI

0 R SR %) SRS B kg SRR 21 5 X R A o R 2
MRS 100 pL WK P B TRk, X IR 2 e
[ FE 5 2R T 5 G PBS 28 P, T4t 24 h ),
TR BEYLPRE 3 BB, Bk AHL, FRAT&EH.

1.3 RNA i2El. cDNA XEWHEEZANFE

K FH Trizol 15 $2 B YL 4 5 % A 20 S8 % S); ' 2]
ZUE RNA, wE 3 MMEKE, RNA B DNase |
EBRFEF A DNA, A 1%B5UE B 0125 P RNA
Ji e, 4098 NanoPhotometer™ 43 ¢ % & i1 |
Agilent 2100 =¥ AT AT RNA A2IEE Wk B S 58
SR, ] poly-Toligo-attached #{Ek4lifk mRNA,
FERIHBEALS [0S Sl R 1 4% cDNA 56 2 4%
cDNA H DNA R4 1 . RNase H, dNTPs 5 i%;
cDNA J Btiiit AMPure XP R4ii4746ifk, PCR¥"
HABAS cDNA % ; #%J5, 7 Illumina Hiseq 2000 3F
& R

1.4 %3 4H denovo HEMEE TR

## Mlumina Hiseq /=518 & 7 F 5 45 10 IR BR800
PE B4k (adapter) . €175 ploy-N FIIKJH & reads Ji
5, M4 Trinity (http:/trinityrnaseq.sourceforge.
net))iE 41T 5 PFEFS E) unigene, i BLAST &k
(E-value<10)XF 202514 Unigene 8 HEAT B AL AL
Hedss, DI T B F DI REERE, 645 GO . COG (clusters
of orthologous groups). KOG (eukaryotic orthologous
groups) . KEGG (kyoto encyclopedia of genes and
genomes) . Nr (non-redundant) ., Swiss-Prot, Pfam I
EggNOG (evolutionary genealogy of genes: non-
supervised orthologous groups)%U#E % .

1.5 ERERRESH

i DESeq HX0H P B8 2647 Lu Xt 43, If:
Brht R & K (false discovery rate, FDR)/E Jyfii ik 24
5 2 35 K [ (DEGs) (4 16 45, fifi & 19 45 1 2 Fold
Change=2 H FDR<0.01, ffi it i) DEG #liid GO
Bl PEHEAT Pathway JEBIFIfiE S £ GO S HH
Pathway . 35 PETHi i .

1.6 KHEZ PCR IWIE

FIH qRT-PCR £l 7 DIEHEM S e AH G HE A,
DLt — 20 B0 U S A0 P A ME M . SR Primer
Premier 5 WitHr Mg WIF G0, 1P HI LK 1,
qRT-PCR [ Wifk %3t 20 uL, Hif, M54
(10 umol/L) 4% 0.4 uL. 2xSuperMix 10 pL. ddH,O
8.2 uL. MM cDNA Bifl 1 uL. KA FRIF: 94°C,
5min; 94°C, 10s; 60°C, 30s; 72°C, 155, 404
&% o LA B-actin AW SIEH, F 2 2L HE M
LEROE vy o



210 W B B %43 %
2 #H®: %1 qgRT-PCREFASIY
Tab.1 Primers for qRT-PCR
21 WFHBERRENR . - e
FIF Tllumina HiSeq 2000 Kot S L 15 2 U4 Genes Primers sequences (5'~3") 1:;;33%;
W, GHEIEIRAT 53 040 DAY unigene, SFIIRED s F: GGAGAAGCTGTGGTACGTCG -
1236 bp, N50 24 2319 bp, KEEN 300~500 bp ) p-actin R: GTTGTAGGTGGTCTCGTGGA
unigenes £1 21 667 1>, ZJ242%f unigenes i 40.85%. EPIE F: GGCTTCATCACCCAATACAGC 193
GC &= XA H 48.23%~50.59%, Q30=93.87% (& 2). IL-6 R: ATCACTGCTGATGTACAAGGC
WP EE 5 PHEUR X R, 6 DREA T EEE 7 5 EFI3 F: TGAAGATCAAGAAGGGCCGA 153
2L SR | clean reads FIF /5 18 T 40 FLAE 71.86%~ IL-8 R: GATTCACTGGCATGACGGCT
77.44%2 [8] . HMNE F: TGCACCACCCAGAACTTAGC 178
_ ot g IL-17 R: TCATCGTCTGCCCACAGGTA
22 unigene REER BEER F: GAGCACTGTTGTTCTGGACG 198
4 unigene 5 GO. COG. KOG, KEGG. Nr, Lectin R: AGCTGTATCAGTGTCTTTATGGGG
Swiss-Prot., Pfam £l EggNOG 3t 8 /N8 & vE 47 He X PIRTEE F: AGGAAGGAGGCAGAATCGTG 136
IR, AT 21 693 % unigene BB (EE 3). HSP60 R: ACAACGAGAAACCCTCCCAC
HIKFEE T F: TCATCTGACAGCTTACCGCC
23 ERRIEERIE HSP70 R: CCAGAACCGTCTGACACCTG 180
T BRI K SRR 24 h RSB ALUY BASEER F: TCCCAACAAAGAGGAACGCA 168
W S SO X TR BT . SR R, RS HISP90 R CCCACACCAAACTGACCGAT
*k2 HERMNFHIESARERST
Tab.2 Summary of sequencing and transcriptome assembly
B A MBUBEC MR WA RXPER oodlt
Samples  Read number  Base number Clean reads Mapped reads ~ Mapped ratio  GC content
Control-1 27 824 820 8300 028 302 27 824 820 19 995 841 71.86% 48.23% 93.87%
Control-2 26 356 161 7 861 607 300 26356 161 19102 073 72.48% 49.38% 94.28%
Control-3 25730272 7 685096 012 25730 272 19 386 437 75.34% 49.92% 94.49%
AH-1 24 077 789 7 193 984 494 24 077 789 18 644 857 77.44% 50.59% 95.03%
AH-2 22261 061 6621 650 712 22261 061 16 336 202 73.38% 49.72% 94.64%
AH-3 23 469 406 7 009 077 458 23 469 406 17 871 908 76.15% 50.51% 94.98%
£ : Control-1. Control-2. Control-3 AXJHE4; AH-1, AH-2. AH-3 A5G4,
Note: Control-1, Control-2, Control-3 were control groups; AH-1, AH-2, AH-3 were experimental groups.
& 3 Unigeneix B 4%it
Tab.3 Summary of unigenes annotation
TR A TERECH A 300< K JE<1000 KB =1000
Anno database Annotated number Rate/% 300<Length<1000 Length= 1000
COG_Annotation 5401 24.90 1499 3902
GO_Annotation 12 675 58.43 4588 8087
KEGG_Annotation 13377 61.67 4378 8999
KOG_Annotation 13 662 62.98 4027 9635
Pfam_Annotation 15350 70.76 4149 11201
Swissprot Annotation 17 904 82.53 5454 12 450
eggNOG_Annotation 20 043 92.39 6858 13 185
Nr_Annotation 21 576 99.46 7911 13 665
All_Annotated 21693 - 8000 13 693
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B 4 41 9% R KL (DEGs) A 526 4, Hidh, 255
ik LRI 254 4, 2 R RR T IAEREAE 272 (A
1) A, o0 5 Ek U i 7K S M TR S S e A DG 1Y 32
PR FRBFEN /R, FRFR 0 2 RAE
TR AN 7 AR UL-8. IL-6. IL-17), MK
RYG(CRI). MHC | B4 )F 8 2 (MHC 1) . PUm fkEs

30 -
' - FiAFRIAEER
Up-regulated unigenes: 254
- BRRBER
2 Down-regulated unigenes: 272
- FTAALHER

3 - Unchanged genes: 49 841

WG (Lys) . 22 ZTREE F RG] N 1 (Serpin) . 12 R &K
HIELI(E3)F (R 4), WX REMCENZS Y
FUHRHTIE KR T AR BYIRAR T, X R 5 e 21
BEPRI AR o

24 ERRIEEMFEM GO BT E S

Ry 1 — 25 AR G T K S T R A R S
2 RIREE R IIRE , W22 R I 1T GO Hiig
TRE 2), BEEE GO & HEEW R/ EY2rid e
(biological process, BP) ., 4il ff14 43 (cellular component,
CC)F4rF I hE(molecular function, MF), 434k 22
17 #1123 4> AL & e & B0 AR L AR

g b RIS s R B
' GG FEATE P 5 AW R 2 S B W 35 0 S A
10 ML AR RS G MU AR Ak, K25 SRk KL
HER SRR H, MR RG IR XK
AR . HAAATE PR
25 EREREKEGG E&EHNH
log2(FC) 2 89 MU BK , VEHHT 20 {7 .35 5 4
1 SRR RN S0 4 25 R Rk B D kL i PE AT KEGG & 4R, KIS S e tHOC R gE
Fig.1 Volcano plot of differentially expressed genes % 3245 WAEH (endocytosis) . A WA (phagosome) |
comparing control and infection groups TGF-beta 1 25 (TGF-beta signaling pathway). NOD
x Fli IR fold change, y fillg/R22 92500 WM. FEZ ARG 538 [ (NOD-like receptor signaling pathway)
The x-ax%s r'epresents folfi change, the y-ax'is indicates /gf(lgl 3), N EAE FAC T B R 4 B, Ak
significance of differential expression.
*k4 BEABKSEMEEERRENLANTIERBEXER
Tab.4 Up-regulated immune-related DEGs after 4. hydrophila infection
FHH 2 FK Gene name HH 45 Gene ID FF$#5i8 Gene description L JHf5%L Increase multiple
M IL-8 c75060.graph_c4  Interleukin-8 1.57
M & IL-6 c60619.graph c0  Interleukin-6 2.05
HARIL-17 c74146.graph_c0  Interleukin 17 2.08
WG Lys c66833.graph_c0  Lysozyme 1.22
*HMERGE CRI c66684.graph_c0  Complement receptor type 1 2.42
MHCI #4iJ5 48 5 MHCI c75121.graph_c0 Antigen processing and presentation 1.93
22 PR AE B ) K5 Serpin c71188.graph_c0 Serine protease inhibitor 1.13
ZRE L EEN E3 c48937.graph_c0  E3 ubiquitin-protein ligase 1.78
B #UZ (At 1 EPHBS c68078.graph_c0 Ephrin type-B receptor 5 1.74
G HE AW Z 1K GPR142 c67158.graph_c0  G-protein coupled receptor 142 2.40
A BEE R LE A Lgalsl-b c57980.graph_c0  Galectin-related protein B 1.88
BEMEE Mreg c68041.graph_ c0  Melanoregulin 1.91
ALK HF TGFB3 c56868.graph c0  Transforming growth factor beta-3 2.17
TRIR B Cahz c74871.graph_c2  Carbonic anhydrase 1.98
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Fig.2 GO enrichment analysis of the differential expression genes between the infection and control groups
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2.6 HEMHXEE gRT-PCR iE

J T IGIF RNA-seq B mMEmTE, e
GPEASEFEN IL-6. IL-8. IL-17. Lectin. HSP60.
HSP70 Fl HSP90 i#£4T qRT-PCR 43 #r. 453 Won, 38
W B R L WE K S BA TS 24 h S, SRR SCIE N A 9
e R IR R G SR H P &5 3R —2(E 6), IZ
TEIOAE T 5% S 20 7 500 1 T S

3 ifip

ORI % A R B o A Ol 2 2 o SR e,
KRR TR TR 2 g NG 1Y DA UM

FUE A I SRS 2, i R AR AR
AR fE(Chen et al, 2018), AHIFST i i X g K <,
B TR JER SR S B 2 AR e SRR AT AT, A5
B g8 W T, Ay i s S RS S4TSR g 1Y)
S FALER KSR . BT, sl s Y RO TERE
KA TR R K 7 3R BE B ) R R e T s S F
FEHAR R T Z N o Xu 55 (202 1)1 FH e 38 200 7 4
A HE T W8 KRR Y A R e Y A
(Monopterus albus)IEA L FE P Rk 2% 5, Hor,
R I A 928 4, FIRIAFEH A 573 4. Yuan
Z5(2021) 1) H ey 12 0 B R L T 7K A R
G RABEYL 1 K 10 BBl (Micropterus salmoides) A4
LU RN FRIA R, Hh, FIRFRIAEENA 1748 1,
TEHFRIREA 2120 4>, Luo Z5(2018) ] H %% 5 2
JF B ARG I 08 7K A= BB TR R S i K VLB (A cipenser
dabryanus Dumeril), 53 W, TEIEGL Y3k B 41 21
LA F) 1728 4~ DEGs, Hrr, 980 A4~ F il ik AL
F1 748 SR RFRIAEE N . AW, R AE R
WoR, WK YL E, UMk BT
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P95 ¥ HR £ 28 4 BN T Protein processing in endoplasmic reticulum - @ | . . .
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Fig.3 KEGG pathway enrichment analysis of the differential expression genes between the infection and control groups

Pl R 2R 14> KEGG 3 % .
Circle in the figure represents a KEGG pathway.
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Fig.4 Pathway map of the endocytosis pathway in KEGG
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The red boxes represent genes up-regulating, the green boxes represent genes down-regulating. The same as below.
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Fig.6 Comparative analysis of qRT-PCR of differentially
expressed genes of S. chuatsi infected with A. hydrophila

526 S ARIBEN, Hb, ZREREERENA
254 4>, ZESRINPIREENA 272 4, KNS
RAE . P BIEBI ARG, X vl e e K A B
TR G50 A PN B 2 S R AR R A G, R
A 7K B B SRR AR 9 S L TS LR Y AR

S G A8 B

I I A ) SR G K A B W) i ARAR R 22 5 3Rk A
P, g b g 2 S e 24 7 SR B B4R At 1T s
SCRFISCHFAE, 2013)0 AW RE, WEK MR

_2._
-3+

AHXFFKIKF Relative fold change

-4 6 ) Q
v ‘85‘29

H RSG5 Serpin Tz R E LG E3 55 502 AH
KHEH ek i 2 LR, BB S B PR AR B h 2 5
BN Hp, ANEK IL B 5RIERN, GEEH
T, BT AN B A AR FE A G sRE N 2 Y G
(McBeath et al, 2007). ZERIRIBFE AL, RVG b
(Salmo  salar) 7£ £ Fh & i < 8 0 1§ (deromonas
salmonicida)E Wi J5 , IL-8 £ A A1E AE Hh 9 558
2T (Fast et al, 2007), BE D ffi(Danio rerio)fE3%
iR 57 Z: B AR [ A I 27 9% 14 5, IL-8 FEPH BT e 1Y
FiHFik(Yang et al, 2013), MHC 4 J& T 5 86 1168
ZW, EFE MHC I 2873-7H1 MHC 126731, MHC 1
X F B LA AP T 6e 2 238 4 A P
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Transcriptomic Analysis of the Head Kidney of Siniperca chuatsi
I nfected with Aeromonas hydrophila

ZHU Xinhai, ZHANG Zirui, ZHOU Liying, TANG Huanyu, AO Shiqi, ZHOU Yifan,
GAO Xiaojian, JJANG Qun, ZHANG Xiaojun”
(College of Animal Science and Technology, Yangzhou University, Yangzhou, Jiangsu 225009, China)

Abstract Aeromonas hydrophila is one of the main pathogens seriously endangering mandarin fish
farming and production. In order to explore the changes in host gene expression levels in A. hydrophila
infection, screen for immune-related genes, and analyze the molecular mechanism of Siniperca chuatsi
infected with Aeromonas hydrophila in response to pathogenic bacterial infection. The head kidney tissues
of the infected and control groups were collected 24 h after inoculation and used for mRNA extraction,
and transcriptome sequencing was performed using high-throughput sequencing technology. A total of 53
040 single genes (unigenes) were obtained from the original sequencing data through de novo assembly.
The results of gene differential expression analysis showed that there were 526 differentially expressed
genes, of which 254 were upregulated and 272 were down-regulated in the infected and control groups.
Among the differentially expressed genes, several key genes involved in the immune response, such as
interleukin-8, interleukin-6 receptor, interleukin 17 receptor, lysozyme, complement receptor type 1,
antigen processing and presentation, serine protease inhibitor, and E3 ubiquitin-protein ligase were
present. Gene ontology analysis revealed that the different genes were mainly involved in immune
response and inflammation. A KEGG analysis showed that there were 89 significantly enriched and
immune-related metabolic pathways mainly involved with endocytosis and phagosomes. Real-time
fluorescence quantitative polymerase chain reaction (RT-qPCR) verification was performed on seven
DEGs, and the results showed that RT-qPCR was consistent with RNA-Seq analysis. These results lay a
theoretical foundation for a follow-up study of gene function and in-depth exploration of the molecular
defense mechanism of S. chuatsi against pathogenic microorganism infection.
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