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Abstract

Objective: To systematically study the gene expression characteristics of the drowning model of
New Zealand white rabbits through transcriptome sequencing technology, and conduct enrichment
analysis of related genes to reveal its core pathological pathways. Methods: Eight New Zealand white
rabbits were randomly divided into the pre-life water intake group (2 rabbits in the DR Group), the
pre-life water intake and 4-hour soaking group (2 rabbits in the DR-4 h group), the post-death water
intake group (2 rabbits in the NDR group), and the post-death water immersion and 4-hour soaking
group (2 rabbits in the NDR-4 h group). After the experiment, the animals were dissected and ex-
perimental samples were collected for transcriptome sequencing. Shanghai Ouyi Biomedical Tech-
nology Co., LTD. (Shanghai, China) is responsible for the experimental results and data analysis. Re-
sults: The transcriptome sequencing results showed that drowning significantly changed the gene
expression of rabbit lung tissue. Among them, there were a total of 679 differentially expressed
genes, 469 genes with upregulated expression, and 210 genes with downregulated expression. GO
enrichment analysis showed that the upregulated genes were mainly enriched in inflammatory re-
sponse and coagulation and endothelial injury, while the downregulated genes were mainly en-
riched in mitochondrial dysfunction. The enrichment of the KEGG pathway further verified that the
freshwater drowning process was a pathological feature driven by inflammation. Conclusion: The
drowning process significantly affects the gene expression of rabbit lung tissue, revealing the ge-
netic changes and molecular characteristics of freshwater drowning. Its pathological process is
dominated by three major mechanisms: inflammation-driven, coagulation imbalance, and energy
exhaustion.
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Table 1. 48 differentially expressed genes before transcriptome sequencing
= 1. EREFERILAT 48 MEE

gene_id p-value Regulation description
LOC103349137 1.99182E-23 Up 1Q motif and SEC7 domain-containing protein 1
NFE2 5.43868E-23 Up nuclear factor%?2C erythroid 2
SRPRB 1.31315E-22 Up SRP receptor subunit beta
CSF3R 2.93487E-15 Up colony stimulating factor 3 receptor
LOC100354804 1.98068E—14 Down permeability factor 2
S100A8 1.21628E-13 Up S100 calcium binding protein A8
ITGAM 2.80474E-13 Up integrin subunit alpha M
F13A1 1.04075E—-12 Up coagulation factor XIII A chain
MRPL17 1.05469E—-12 Up mitochondrial ribosomal protein L17
LOC100009166 2.68598E—12 Up leukocyte protein
IL6R 2.86091E—12 Up interleukin 6 receptor
LOC108178205 3.6035E-11 Up endogenous retrovirus group K member 6 Pol protein
SIGLEC5 8.90788E-11 Up sialic acid binding Ig like lectin 5
EGFLAM 1.40716E—10 Down EGF like%2C fibronectin type 11l and laminin G domains
S100A9 2.57851E-10 Up S100 calcium binding protein A9
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NUP160 1.48354E-09 Down nucleoporin 160
LOC127486108 1.59151E-09 Up leukocyte immunoglobulin-like receptor subfamily A member 6
MS4A4A 4.30247E—-09 Up membrane spanning 4-domains A4A
LOC108175404 6.07258E-09 Up triggering receptor expressed on myeloid cells 3
LOC100349763 6.82943E-09 Up ADP-ribosylation factor GTPase-activating protein 2-like
MMP25 9.07258E-09 Up matrix metallopeptidase 25
GPR15 1.50241E-08 Up G protein-coupled receptor 15
MARCO 1.65082E-08 Up macrophage receptor with collagenous structure
S100A12 1.95304E-08 Up S100 calcium binding protein A12
LOC103346273 3.60303E-08 Up CMRF35-like molecule 6
LOC127485761 4.18033E-08 Up interferon-induced very large GTPase 1-like
ND1 4.33873E-08 Down
COX2 7.36942E—08 Down
JUN 8.17115E-08 Down Jun proto-oncogene%2C AP-1 transcription factor subunit
LOC100349996 1.12769E-07 Up colony stimulating factor 2 receptor subunit beta
LOC100347041 2.67663E-07 Up leukocyte immunoglobulin-like receptor subfamily A member 6
LOC127488120 2.77531E-07 Up uncharacterized LOC127488120
COX1 3.64063E-07 Down
RASGRP4 4.04943E-07 Up RAS guanyl releasing protein 4
LOC127487009 4.29255E-07 Up translation initiation factor IF-2
LOC127484746 5.99792E-07 Down calcium release-activated calcium channel protein 1
PFKFB3 6.26149E-07 Up 6-phosphofructo-2-kinase/fructose-2%2C6-biphosphatase 3
LOC100343623 8.74427E-07 Up leukocyte immunoglobulin-like receptor subfamily A member 6
XKRX 9.4276E-07 Up XK related X-linked
TUBB1 9.78854E—-07 Up tubulin beta 1 class VI
ATP6 1.0381E-06 Down
ND2 1.30288E—06 Down
CXCR1 1.32921E-06 Up C-X-C motif chemokine receptor 1
LOC127487106 1.3315E-06 Down nucleolin-like
VCAN 1.55948E-06 Up versican
CXCR2 1.75313E-06 Up C-X-C motif chemokine receptor 2
LOC100351298 1.90193E-06 Up Killer cell lectin-like receptor 2
AQP9 2.74837E-06 Up aquaporin 9
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Figure 1. (a) Bar graph of differentially expressed genes in lung tissue of drowning group and control group; (b) Volcano map
of differentially expressed genes in lung tissue of drowning group and control group. Red: up-regulated genes; blue: down-
regulated genes; Grey: no significant difference genes
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Figure 2. Radar map of differentially expressed genes
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Figure 3. Heat map of differentially expressed genes by transcriptome sequencing
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AR — KHLHI =S . S100A8/A9. CXCR1/2 K ND1 Z5JE K T A 8§ FE 78 7E A= Wb 4 o
5. Wig
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AR A I A v i TR LR, 32T T BN At BT U e 22 JE AR K i A ol RBP4 2R L B9 AR 7R A AR
W IR PR St 01 76 ¢ A IR IRV N DR S PRI Y S /K P e ), A I B i A R S U s P 7 T VLR R VAR
KEWNIGEBIEA G, 5 BOK PR SUM[9]. BeAk, R V88 0 E 2 N IR 3 B 2 B 2 ) 3 <
. FECCRE IR, 3P BRE AR R T e

H AT CA K& SCERET X SEAE AR 2 TH AR AT THEFL . RAEPE P+ 2 oy ALIJARDS 11
—ANEERGEALE], (H B BT RRL A T2 B, ELE IS 51 RS R 453 47 Hh b K 4 i R - R i A
Ao [EI, A SR KR TE B E AT 7T . ZK3EIE 8 E (aquaporin, AQP) 2 FL AN VA M T R R 1t K i
BEAFZM, HAAH AQP-1. AQP-3. AQP-4. AQP-5 7L il B4H Il 3 1] (/K §% iz v R 15 35 L EAE
Horh AQP-1. AQP-4 7E Tk fitidii 47 1y B RN w] tRBARAY,, W ERAE AR IS AT S5 B0 S5 4l 7N K I S ) v Ok 4
YEH .
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Ve E AT, RS SO AR B SR, BEDRLOS A BRI A PR SRR R T A %
AL FET I, AR —RIFHA R RNA W7 (RNA-seq)H AR TEA:, & Fellk 1 RIS f 1)1 2 A
/B o RNA-seq HEMS I M oA A0 s 2 23 (1) e s AR, ANURT DAERf N i e DR ik i, B RE R BUHT
(AR AR B R AR . B G FENAE . BEE DT HR AW AL, il 2 P . AR R PR A A
J AR B o, B BRI 2 AU R T N .

sl 7 e B DR AR A0 A D R ) SR AR FE PRI SR ERE i : KEGG GO« SR A4 18 A )1 7% (gene
ontology biological process, GOBP) A1 5 # 3 [ 5 3 [K 2H ¥ £ 4= 5 (Kyoto encyclopedia of genes and genomes,
KEGG) & £ 7 MR 1o 2 S Rk £ R 5 4TI R K 2 5 1 AR 2 1 A S A5 5l B [11]

KEGG (Kyoto Encyclopedia of Genes and Genomes, 1% #3 [F] 15 3 [ 41 1 b 4= 13) A2t H AR 50 #2411
Kanehisa SZie = K48, =—MerafidhifE, 6 7TENA. PN RGEURER. B85 72K
RUREE e, U0 KEGG MBS EE PE . KEGG =D A P45 . KEGG 18 % 2 e i 2 1 40 i P9 A0 440 i 1)
5 FAHEAE AR B 2%, s T E 5%, AEINGE 2 A a1 o i 4 2 D i dpt 3]
KEGG Mg, fit | EKZ 5 Al ek, e et 7o, w20 A R Al OC 2 [F & AR AE MR LE KEGG
P, AT S HERE K AR R R IR 43 WL o
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GO (Gene Ontology, F:EIAAIR) R —AN B brbr AL I FE I ThRe 0 KAk R, B 7R IE DR R =1 5
IR TRV AR R o X 22 e RIA B AT GO AEW - 25 KEGG i@ E 80T, GO &SR+
B K MM R RE . ARV Bt [12]. O T IhRE” RRRIEEIN A MIAE Sy T2 T
WIS YE . 6 0aMESE: “Y4idl sy fe i B R = E i b AT B, g iz . RRLIR S RN
RHFE” HERFE RS 5 1 A A, G EE . T GO RN R ThRER AL T R —ihid 7
i AETASFTFC R B LA . EEAnFE R FU 2 —r € B A LDy RERS, dlid GO VERERT A4 1A
TEAN A2 H T REAS B .

KEGG Hil GO MAN[F] 1 & xf FE K B B EAT VR BN 34T, KEGG I T 5K 2 5 EPnid@ s, 1 GO
W BB Sy LR = I ThREAPE T, —FAHEANTS, 2 B TG Bt .

WS A FOR BB T AR IAE RE 8 e K1 A T8 7 AE DR N B DR R GA RPIRAS A #s b 2%, hA:
A RERF TR ML TR T B e RAT A A AR E A TR, DD TR R
T fie 5 DR 20 2 S A0 R A R s SR AR A o Rk 25 R [ 2 v R K ) I T (R S AN g i, AR ARl
(R S T R I, FRTERSRAA ) R R R FH AT S AR g g

B W TR S P O S — . BRI, REEE T T DR At e Wik, (BAETEE
IR, 2B REAE S 18] R, SR R RIS 1 R IR 2 AL, YRR S s AR 4R A 2 T
REAEPEFEbR: RSN H IMBE(H L2 75%) IR TE YL IR VR (K HE %6 929%) K B P (FETE 28 60%) —BXAIE 12
WrHr PR IR 98% . (EAFERMIAL, 15%~20% 1) V53 FE R RF SRk 28k = SR X088, PR ek SR A 50
FHEUEHE —— B BEREME > 20 M/10g A H SHEILEL R > 90% A G HiS M. 8711, /KE 2 /)
I CT Zrr “MI 3 FEiRiiE (R S 80%/HfiH) 5 3 U AMAE (AT B 3 > 35%) AT/ i B2 i 4

T B SO PR I PR AE AN AR 7R R 1 A L R RIS E SRR IR B . AR A
33— 20 R SORE N AR SR AR TR R o A SO A Bl AT 9385 A0 2 Hh it 2H ZRLE SOE R -8R s 4y
TP RIRFAE AR, NS S KT8 82 W A ) SR o

FRAT VI I A S 20 e 45 A S i 22 S A IR 679 AN, Horb 22 S i R B 3 R AT 30 MR 5 &
FE RN G T REAH DS L R 3L 5 4N, 4245 S100A8. COX1. COX2. COX3. MS4A18. AHFFTiHd i34
BRI T IR ABFERIAZ R ERMLA] . SIEH IR : S100A8/A9 5 CXCRL/CXCR2 iy [A) Bk 5l b 144 4
MIRE, SEHHLRG; Bl - FER4T: FISAL RSB IER, InE AR, LRiikTh
AEfEfG: ND1. COX1/COX2 Tif 5| ke &AM Hint, FEARARIIREREG . MK A REEG S 2 BT
PR R 2 —[14].

SR, AWM —E MmN B, REBEER TGS, W LOC127488314 5 i i[RIV Lt L
BRI AT LR, RGBT . a5 KEGG 18 % 0] RE R AL R B S U P
BE.

KA I T T 22 S RAB B R HEAT DR SR UE, #E )| SL00A8/A9 B CXCR1/2, Vit Hox}Jp B 5%
R ZARSUR ;s MeAh, Tt E FRIEER BT ZH NS, SEEARA. RUH LR
FER B K AR

EEUWHE
THHEHARFEESTH G H S : 2024AAC03248).
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