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Comparative Analysis of Disease Resistance and Skin Transcriptomic
Responses to Pseudomonas plecoglossicida Infection in

Larimichthys crocea and Nibea albiflora
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Abstract: To investigate the differences in disease resistance between Larimichthys crocea and Nibea albi-
Sflora against Pseudomonas plecoglossicida infection, as well as the immune response dynamics of their skin dur-
ing the infection process, both immersion and intraperitoneal injection methods were used to challenge the fish.
Skin tissues were collected at 3,24, and 48 h after immersion challenge for transcriptome sequencing analysis.

The results showed that N. albiflora exhibited significantly lower morbidity and mortality than L. crocea, indica-
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ting a stronger resistance to infection. Following immersion challenge, L. crocea began to show disease symptoms
and mortality by the third day, with a morbidity rate of 65.3% and mortality rate of 37. 5% by the seventh
day, respectively, whereas N. albiflora showed no signs of disease or death. After injection challenge, the mor-
bidity and mortality rates of L. crocea reached 96. 5% and 68. 3% by the seventh day, respectively, while those
of N. albiflora were significantly lower at 55. 5% and 38. 3%, respectively. In L. crocea, a strong immune acti-
vation was observed as early as 3 h post-infection, with a large number of differentially expressed genes en-
riched in inflammatory response pathways such as cytokine-cytokine receptor interaction, I1L-17 signaling, and
NF-kB signaling, and this high level of immune activation was maintained throughout the infection period. In
contrast, N. albiflora exhibited a milder and more regulated immune response, with lower activation of immune-
related pathways and a transition toward neuro-regulation and metabolic homeostasis pathways after 24 h.
Keywords: Larimichihys crocea; Nibea albiflora; Pseudomonas plecoglossicida; difference in disease resist-

ance; skin; transcriptome
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K¥E 1 (Larimichthys crocea) JEIREWTHHEEMWFLTAZ, BETHIREH AT M
BHEJE (Larimichthys) , PR E bt BN REASE, KiEAREEB O, B
EAeEO, FEMBTINA S 25 M LS LIZR/KIE 60 m LN IR K, Mk
AR 2 K R AN, B AR E AR RS RR R, B
W, T2 i, A N TIRMEERR H 25 B EL | K C ko 3R E i K
O 66 % A P B i e g ) AR 2R

SR, i =2 T A R 0 T i P 3 TR0 H g 5t Bk HE ™l AT 45 82 e i) G B
i, Hrp AR AR ( Pseudomonas plecoglossicida) B3G5 | YT H SR 0 A 58
o R R O 2 [RBEATR, BARRER T, rroliRaZSt, M, BENIELS
BB A Ay, Sk, LHEFZ 16 ~22 CHAUKIRAMT, ZRRH
MR LR | BOERE, XA REMFEARERLTFHALS " | TFizmit
NUAER AN, WA B A, B b BArst = A0 b F B, 159200 1t
5w B RHRR

Bt (Nibea albiflora) BWEAF (), HWEN, B TAg@M, 2XRED 1
L KFFEAIE, BN 2 am T E R HAS | sSSP IO, 50
ARSI VERISRIE IR LR AR, TEfRE  Wivas 357 X 5 K fa b Ab A — 5756
WX RS, FERIIFRE SR R, R B ORR B A0 SRR A AR, LTI AR TR
bR e XU, (H B G fa AR RS R At PIE S R R, X 2 4R T e HLA R Y
KIRPUREE ST, JEHAEXTHUASIEAR B R Ay T AT B A T 7E 0 A SRR S e L O 3

SRR HEHR R o o RN 8y £ AR T AR PR R G i pi i 22 57, R HHR R 87
GIEN BT EER, AR RSN 2 FiE sk, fEARIRSE80 5544 T X Rt f
Bk A AT IR SR . TEIIEAR B SRS AR E G (0, 3, 24, 48 h) 2
R RRA S, FIH S RNA WP ER AT/ sk i b, IFE il 22 73R8 401, GO
5 KEGG UIREE 4 . Mfuzz B JPHNRFEF B, fam HAAmN A2 R, HHfEKE A
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1 MBE5ERE
1.1 SEIedtsl

1) SCEG M, SCHT 2023 4F 6 H 78 Wi VT4 1 K 77 F5 58 B 58 B 10 31 Sk 35 s ik 47
JI A SR R i R R AL, B SR R R e AR S R 2R K = 22 B sh e B & 1
BURIEAT

SR 3 R U IR SIS 0 RN T S R S, IR S IR A i R e | B A A 120
B, KEMPHEREK R (25.1£1.7) em, KRR (252.7 £2.4) g; BEIEAFHAK
H(22.9£1.4) em, KRN (245.6 £2.2) g, EHSCEH TR 0, WA
120 &, R PFEIEKHl (24.6 £1.4) cm, (KFiEN (243.1g+£2.5) g; BEAhH
SEER N (23.4£1.3) em, KRN (252.4£2.9) g,

2) SEERTRMR, ASBIFFEET HIASTE R R A DA AR FH 4 55 K2 K 7 2 B Sl R AL 2 2
B I TE S R K E A T A SRR R, A IER R,

1.2 KEHZE
1.2.1 RIS

R AT RN B £ 2 FhSZ G AR AEKIE N 18 °C . FhE R 25 ZEAMSIE T YR T d,
VR 1 d 5 AT ORS00 SRR AT IR AEAE — 80 °CORIIR IR PKAE 19 28 T {5 5 it v 2
775, H LB EFRIET 18 °C | 220 v/min 504 FHRGHIFR 12 b, #HLIMMEEE T
WO R E, AR A(600) = 1.0 (1.0 x10° CFU/mL) .

SCHHY, SRS E AT RN, R R R A — AN
600 L F Ui /K sRHRRG Y, & 0A 600 mL B, (KA H R B LK EE R 1.0 x
10° CFU/mL, fERFEM NRUL3 h, SRR AE7 05 BBl 2 3 A8 715 1 K 1 [R)
FERUAS SRR TR, 59— K A R 1 R I B ROR I E %) BB, 5 9 32
KR AER R, JF T ERE RN, WEFRE, B RMEID % L5 1)1 3 55E
TR0,

1.2.2  JESSIFEESLE:

SRS AR ORI FIRE LS 1. 2.1 WO AT ISR, RSN, HT FWiE
FERRIR S IR 0, S8 Mao 2505 FISCEk [15] X4 B8 i 0 i &oh #1951 0. 2 mL Wk B Ky
1.0 x 10° CFU/mL A5 TR B M0 TR AT, DA 6 50 e S 38 4 (%) B s vy, R s £ 4 3
SYHCE 3 AR T IR K Y [ AAS SRR s XTREASKR (0 h) R TEST 0.2 mL PBS
o, SCIRIRIKIRAERFTE 18 °C, EREEYERFAE 25 Aoy, WM, ok, TAIEFE
6 d, BERWEIC ARG s 50T IE 0,

1.2.3  FBRAZURAS RNA $2HL

TEWFESG 0, 3, 24, 48 h 009 FEfa, il g m & AARK, SR 57 BP9

TR RS, BT RNA SR, BEJSORAF T - 80 CHBARIRLIKAE & H
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FERREHZLUE RNA $RE™ 4% 12 B8 4 X8 AR B R BR A F] 1Y TransZol Up Plus RNA Kit
WA &V B THAE . LFRHIIN RNA BEG A& T, BG4 2 2 ik 2L KR
(At AIRAFEIETT RNA-seq SCPE A SR I, AR R Promega /\ F
[ GoScript Wi SR &, IR UL ks L% 5% <DNA, HFJ54E0) qRT-PCR 4347,
1.2.4  Fst e 5500

FE P SCE At B, Bt Bl 0 7 R s [R) A o A A 3 AN kST SO, 4
ANSCPEH 3 B f0 i B R 41 20 RNA TR A& A g ik, 8 Sl i 43 6 6 3 (IMPLEN,
CA, USA) Kl RNA FESHILERE ; {fiFH Agilent 4200 %I/ 473 B AL FN Agilent RNA 6000
Nano 17 &5 K6 28 FE 5 B S8 B E AR B2 . il VAHTS Universal V6 RNA-seq Library Prep
Kit for Hlumina FF74 5520 SCEA L, 7F [lumina HiSeq X (Illumina, USA) BT R
MY

MFpgsd s, B2 0 G P28 (raw reads) {6 FASTQC B AT R
i, A MultiQC[mXﬁﬁﬁﬂ@éﬁ%f&ﬁ??ﬁ%, FRAG 15 o A SUBE  (clean reads) |
T IEEEm) i, Seidisrggl, Falid STAR 245 ¥F clean reads Ho X 3] K 85 111 i) 2 2% Jk
IS SR X5 5 sam SO #2365 FIHT SAMTOOLS A E % sam SO EATAHSE
PG e HEJP, AT A5 B 55 289 H X 25 SR SO bam SCF, A StringTie (R AR
2.1.4) PO TR AR | IFE T subread (WS 1. 6. 1) P BRI E HEAT RE I 255k
FERHT, FHFEARR count BUMBEK FA R (TPM)

1.2.5 ZERRFIEHM GO F1 KEGG 734

ARWFFEFIH DESeq R £ (1.40.2) P4t IRLH (0 h) A3, 24, 48 h 42 A3 A
RiIEW AL, B A |log,(FoldChange) | > 2., P < 0.01 B3 PRI Sk 25 S IR FE A
f# F eggNOG-mapper (A 1. 0.3) P/ 1E egeNOG B FE AT IHAEERE, A58 LR X1 1)
GO. KEGG, COG Wik IF# # Org. db 3, ¥ & 5E M Z J5 H clusterProfiler ( bt 4%
4.8.3) %} DEG #4T GO 1 KEGG 3# B & /04T .

1.3 HESH

{1 FH Mfuzz SBPEUEATIR R A0, 44 RS [B) b R X6 22 57 3 TR JE IR A T R 2447 .

HoE, XERFRBIEFEREIETT FPKM H—feab 3, GIB% FPKM o 0 B8, Hik
HREAXP R

_ N x 10°
TxL °
Hrp, F 3R FPKM; N R O EIEAINE F EA9 R BEEG T 3RR A ot B F B
B L FRRZINB TR, B F & kbp.,

HR, SRR, TN C BEHATIRIE, S B )P 50 R A 7 s 21
BE A R E G, TR B LR AR B R A R — i, DL T X
B Wi o1 I AR A R S M I RER R O

B, Tfive I A R SRR DG I IR A s B SR R SRR AR A RBURRES
R EERE R, ST RIS D Re KA SCE, TR T B 0, FR ARG H
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2 H#RESWHR
2.1 RBEGES5EHEVNTRBRERBRLNARNESR

R SEH MR RN E 1 ~F2, AT, FERESEL T, KiEMER g
B 72 hJE L2 RBAET R 3 RIS (MEEREA Lo BTk, fTshEe s AR, | fil
Wi JGA M sh) AR, s R B, XA R RAE (LR 1) A B
O, BEE R AR, R ABET- AR Wi i, 220 144 h )5, 3
TR E] 37 B, 5 8 BANTWACIRA . MAMIIE# BRI AR P BELIEIR 9 B
PEATRRILEE,, R 4 B (44.4% ) PAEH B A SORRER, 258 58T AisE 4
I, BARYERIK 65.3% , 144 h BIFET- R KA 37.5% (FHIEAMK), HIELZT,
B Ity 0 7 A SE G (R R BRAE T B R A K 2T AR, HIE T R A AR R
¥ho (W#E1),

x1 THEEREEENSEXAEE, EHESHETERL

Tab.1 Daily mortality of L. crocea and N. albiflora following challenge with P. plecoglossicida

T HU
YCRE[E]/h BRI EE TS e
Kuifn WA KEfh gyl
0 0 0 0 0
24 0 0 0 0
48 0 0 0 0
72 243 0 9+7 3+3
96 6+5 0 13 +9 8 +4
120 11+7 0 21 +11 11+6
144 18 +8 0 29 +10 17 +7
At 37 +8 0 72 410 39 +7
T3/ % 37.5 0 68.3 38.3

T RPPOER M T Y HEF, AR E ASETMART (+ SRR , R RUATE T AR
557 RPBER BTSN

R2 UE MhEHFEREENEHENRBRBASKITER

Tab.2 Statistical results of visceral white spot condition at 144 h for L. crocea and N. albiflora

#E
T H RS TS
Kt Bt Kt Bt
figf 50 9 9 9 9
P A e 4 0 8 5
YLIR 2/ % 44. 4 0 88.9 55.5
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a) BIE A AR R b) 3 (4 K B fh
E1 2AEESRHNAEESERHAEEEAE
Fig.1 The spleen of L. crocea suffering from visceral white spot disease and healthy L. crocea

FEES R, K AfE AT AR 48 h JE A S MU &9, 72 h
B9 BAT:, 7 BATFWIILIRA, 96 h JFAET-AMARS % 22 B, B4 9 BWiSE, 144 h
FISET- 72 B, 5A 10 BUIst, MAFEAMAR R EEHLEER 9 B Tifdmes, K
8 NG AL . B R AN R B A, RVRBE TS IK 68.3% , AR G R ik
96.5% , EUAIEE SRR AMES, 93 KITMAW B IG5 KB A
I, 72 h JFWELR] 3 EBAET M 3 BMIFL A, 2 144 h RifAEr:39 BB, Wist 7 BB, Sk
FET-% N 38.3% , RS 9 BAFE M, HpfH 5 B A A% (WK 2),
P R RV YL RN 55.5% (WL 2) .,

BT LR, AWFRERURHERYLS 0, 3, 24, 48 h % 4 I ESCRAE 2 R 41
FEAS, SE G SRALIN R8T, HLEASTRLIER L B B ) S e I A R AT

a) FBPNJUE R I B b)) fHEE 1 L £
B2 B2AEESRHNENESEROELEEE
Fig.2 The spleen of N. albiflora suffering from visceral white spot disease and healthy N. albiflora

2.2 AEIRERERARERANFER

ARG R B | B A B 12 AN RH SRR (RS 3 MEYER)
PEHCAY RNA R R T 200 pg/L, A(260/280) Z52.0, RNA 5E#MEE >7.5, 45
SR, RNA 4 | WREEA RNA S0 2 RNA B 2ok (W& 3) .,
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R3 AESNEHSFRENFHEREFLLS

Tab.3 Summary of quality assessment of raw sequencing data for L. crocea and N. albiflora

R i 44 B bR A AR BRHEEE/ Gbp N BB/ % Q30 Hfil/% GC i/ %
1.S0-1-1 49 045 242 47 138 376 6. 59 0.01 96. 48 50.97
1.50-2-1 48 545 362 47 936 458 6.70 0. 01 96. 36 49.57
LS0-3-1 47 561 400 46 897 436 6.55 0.01 96. 51 50. 48
LS3-1-1 48 342 814 47 694 960 6. 66 0.01 96. 64 49. 88
1.S3-2-1 44 836 854 44 185 112 6.17 0.01 96. 45 50. 26
1.S3-3-1 47 455 406 46 549 014 6. 50 0.01 96. 79 50. 39
1S24-1-1 46 500 306 44 428 218 6.21 0.01 96. 54 51.07
1.524-2-1 48 666 584 47 080 706 6. 58 0.01 96. 65 50.92
LS24-3-1 45 590 930 44 847 622 6.27 0.01 96. 90 50. 58
LS48-1-1 48 281 626 47 625 152 6. 65 0.01 96. 40 49. 45
1.548-2-1 47 245 930 46 471 570 6. 49 0.01 96. 45 49.9
1.548-3-1 47 811 762 47 008 000 6.57 0.01 96. 59 49.91
YS0-1-1 46 735 164 45 928 002 6.42 0.01 96. 64 49. 94
YS0-2-1 44 414 726 43 763 892 6.11 0.01 96. 38 49. 84
YS0-3-1 45 079 308 44 411 268 6.20 0.01 96. 34 50. 39
YS3-1-1 48 827 548 47 882 256 6. 69 0.01 96. 72 50. 97
YS3-2-1 48 975 052 47 919 766 6. 69 0. 01 96. 70 51.15
YS3-3-1 47 242 520 46 222 100 6. 46 0.01 96. 71 51.15
YS24-1-1 44 780 158 44 001 214 6. 15 0.01 96. 26 51.67
YS$24-2-1 45 473 822 44 512 288 6.22 0.01 96. 75 49.08
YS24-3-1 46 730 570 45 826 800 6. 40 0.01 96. 61 50.31
YS48-1-1 47 829 978 44 024 302 6. 15 0.01 96.73 51.88
YS$48-2-1 47 584 842 45 212 000 6.32 0.01 96. 83 51.25
YS48-3-1 51192 314 46 337 474 6. 47 0. 01 96. 47 52.26

2.3 ERRBZERASTEIREELER

ZESFFRIRER BN, KRR FRHLAENE 3 h J5 R B sk, St
K E] 204 D255 RIRFEF (DEGs), Hop FIHFRIEFRF 66 1>, TRFIRIER 138 1,
BIHEE 24 h )5, DEGs 3l & 444 4>, 46 214 > LR FRIE LR 230 AT Rk I
R, w48 hf5, LAl %] 436 4~ DEGs, 4§ 233 4~ L EFEFHF I 203 A~ K &KL
BN, ERIEF A 30 NEREE 3 ~48 h J5 5XF AR EEFRIE (LK 3a),
b2, S R R U EE SR R B IR AT, FE3 . 24 48 h RIS E] 10, 30 F148
A DEGs, H, 3 h A 8 A~ LIHEEIER | 2 T IHEAIERF; 24 h 4 21 4 Lk
IRFEH | 9 AN FIHFIRIER 5 48 h B BRSNS N RE SR A A 24 4>, Hf 10
MIERFELT 24 h et E2ERRE, KERLFHE 3 ~48 h i —HEERREINEH (I
Kl 3b),
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24 h

o291/ 38

48 h 48 h
a) Kzfi b) Bkt

B3 XEEMEHENSFEEMNES DEGs $E2E
Fig.3 Venn diagrams of DEGs at each time point after infection in L. crocea and N. albiflora

Ry itk — 2553 BT RGeS T AR PR P e DR e S e e R PR A 2R 2% S IR BRI D RE AR
fIE, RF5EF ] 5 1Y 22 R R L AT T Gene Ontology (GO) &HENHT, 45H DEGs i
Wit e (biological process, BP) . d0MIZH 5> ( cellular component, CC) 143 JjGE
( molecular function, MF) 3 K&,

REETERRGE 3 h 5 BV SR U e A oG . Bk 58 B R E ARy, el
WETEAMES A . AR AR DI i B, KB B Y 25 55 IR 24 h R, KRB
DEGs P RERT AT AR HCTIRE . B A FLEY DEGs I 25 3T 40 IEE RS J 5 e 6
YL 48 h J5, R¥Et) DEGs MKIHSEPPESIE OB IR | e REEFE | AL T AN
N L, LA NE RS R A MENREE T (K4 ~E5),
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Fig.4 GO enrichment analysis of differentially expressed genes in the skin of
L. crocea at 3,24,48 h after P. plecoglossicida infection
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Fig.5 GO enrichment analysis of differentially expressed genes in the skin of
N. albiflora at 3,24 ,48 h after P. plecoglossicida infection

X B 5 B R SR AR TR RO I B JS AN [R] B TE] 5% DEGs #1T KEGG & 80 #T
KIL2 Fhfa7E Al A K A R BB R 2R (WE 6~ 7)), AL, 7RI
3 hJ5, KREfp2s 53R 50N R85 4 TR iR A A DG, iR -2 &< 46 5
YER, AL TFAES A0 5T DNA SR, TR A £F Bl 28 0 A1 P 43 300 8 42 308 65 114 38000
W ) B A T AN AN LT . WA P A0 0 B8 S AT 5 ) R W T R A S 1 3
SRAET IS AR, W24 h 5, KEMM DEGs &£ L AR MEGEE, WL
17, TNF, NF-xB &, [RIEF¥5 K G e 22 G 5 00 i AH DGl B 5 280 4ol £ 7E 2B Bo Al HH B Toll
FEAZAR | JAK-STAT, Th17 3-8 e i s 42, s EE i, W& 48 h J5, KM
() DEGs /54 Fe = /K V-l i w48, 100 KA 5 240 i B 2R SR T B s I o £ 0] 22 30
o SAREHE AL R E AR R, REHET B s, g5, K DURRSEE
MoK, B RPN e SR B RS B B AR
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Fig.6 KEGG functional enrichment analysis of differentially expressed genes in the skin
of L. crocea at 3,24,48 h after P. plecoglossicida infection
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Fig.7 KEGG functional enrichment analysis of differentially expressed genes in the skin
of N. albiflora at 3,24,48 h after P. plecoglossicida infection
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