
Journal of Applied Science and Engineering 32 (2026) 26032030 1

Disturbance Effects Of Animal Carcass Decomposition On Microbial
Communities And Virulence Genes In River Water
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Under the influence of climate change and human activities, the retention of animal carcasses in river water has
become increasingly frequent, posing disturbances to the physicochemical properties and ecosystem of river
environments. This study analyzes the impact of carcass decomposition on river ecosystems by measuring
changes in water physicochemical parameters, microbial community structure, and the abundance of virulence
genes. The results show that decomposition significantly decreases Dissolved Oxygen levels in water, with the
lowest concentration reaching 0.08 mg/L. Meanwhile, ammonium nitrogen concentration rises sharply to 14.32
µg/ml, whereas nitrate nitrogen shows minimal change. Among microbial groups, bacteria are the dominant
group, with a relative abundance of >60%. However, the abundance of archaea increases significantly in the
carcass group (p<0.05). Analysis of virulence genes indicates that genes such as phoP and glnAl reach their
highest abundance at 32°C in the carcass group. The structure of virulence gene profiles is strongly correlated
with microbial communities, as shown by Procrustes analysis (r=0.810, p<0.05). These findings demonstrate that
carcass decomposition drives microbial succession and promotes the enrichment of virulence genes by altering
oxygen availability and nitrogen cycling. This provides valuable data for understanding the link between
organic pollution and pathogenic risk in river ecosystems.
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1. Introduction

Animal carcass decomposition in river water plays an
important role in the material cycling of natural ecosys-
tems. However, the release of organic matter and metabolic
byproducts such as biogenic amines and hydrogen sulfide
may disrupt the physicochemical balance of the water, lead-
ing to changes in microbial community structure and acti-
vation of virulence gene expression [1]. Specifically, during
the decomposition of corpses, a large amount of organic
matter and metabolic byproducts such as biogenic amines
and hydrogen sulfide are released. These compounds dis-
rupt the physicochemical balance of water through various
mechanisms. Biogenic amines can serve as nitrogen sources

and alter local pH , while hydrogen sulfide has cytotoxicity
and can inhibit aerobic microorganisms, creating a strong
reducing microenvironment. This imbalance not only di-
rectly leads to the replacement of microbial community
structure, but may also regulate the horizontal transfer or
expression activation of virulence genes by activating mi-
crobial quorum sensing systems, oxidative stress response
pathways, and transmembrane transporter protein expres-
sion, ultimately potentially increasing the risk of disease in
water bodies.

Microorganisms play a complex and dynamic dual role
in natural ecosystems. In a healthy host or stable environ-
ment, it often colonizes as a normal microbial community,
inhibiting the invasion of foreign pathogens and maintain-

https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
http://dx.doi.org/10.6180/jase.202609_32.030


2 Xiaojing Wang

ing the healthy balance of the host or ecosystem by occupy-
ing ecological niches, competing for nutrients, and produc-
ing antibacterial substances. For example, in mammalian
liver, specific resident microbial communities are believed
to be involved in the metabolism of primary bile acids and
immune regulation. However, this symbiotic relationship
is fragile. When environmental conditions undergo drastic
changes, such as hypoxia, pH changes, overnutrition, or the
presence of a large amount of necrotic tissue, the original
microecological balance will be disrupted. Some originally
harmless normal bacterial populations or conditionally
pathogenic bacteria may proliferate and transform into ac-
tual pathogenic bacteria by expressing virulence genes they
carry, such as genes encoding adhesins, invasions, or toxins,
or by obtaining new virulence factors through horizontal
gene transfer. Therefore, the potential pathogenic risk of
microbial communities is not fixed and unchanging, but
deeply rooted in the environmental context in which they
exist. Current studies show that carcass decomposition can
cause depletion of Dissolved Oxygen (DO) and accumula-
tion of ammonium nitrogen. These environmental stresses
may promote the proliferation of pathogenic bacteria and
horizontal transfer of virulence genes. However, system-
atic research on the combined effects of physicochemical
parameters, microbial communities, and virulence genes
is still lacking [2, 3]. For example, the team led by Barceló
finds that decomposition reshapes trophic cascade features
in communities but does not explore the response of vir-
ulence genes [4]. Although Rasmi’s group examines the
distribution of virulence genes, they do not consider the
dynamic changes in environmental factors [5]. NO3 − N is
a major form of nitrogen in water and significantly affects
both DO and pH levels.

The UV spectrophotometric method for NO3 − N is
based on the specific absorption of nitrate ions in the ultra-
violet range. Absorbance at 275 nm is used to correct for
organic matter interference. This study addresses the gap
by simulating animal carcass decomposition in river wa-
ter under different temperatures. It monitors the variation
in water DO, ammonium nitrogen concentration, micro-
bial community α - and β-diversity, and virulence gene
abundance. The goal is to investigate how animal carcass
decomposition disturbs river ecosystems in the context of
global warming. By integrating high-throughput metage-
nomic analysis in bioinformatics with a heatmap of viru-
lence genes, this study innovatively analyzes the linkage
between microbial communities and virulence genes. It
not only fills the knowledge gap in understanding how
carcass decomposition affects microbial virulence potential
but also offers theoretical support for evaluating ecological

risks of organic pollution and developing control strategies.

2. Materials and methods

2.1. Preparation Design of River Water Samples with De-
composing Animal Carcasses

2.1.1. Experimental materials and instruments

Animal carcasses in river water act as complex organic
matter carriers. Their decomposition not only disrupts
the balance of carbon and nitrogen cycling in water, but
also releases metabolic byproducts such as biogenic amines
and hydrogen sulfide. These compounds may induce mi-
crobial community succession and trigger the horizontal
transfer or expression regulation of virulence genes [6, 7].
To investigate the disturbance effects of carcass decomposi-
tion on microbial communities and virulence genes in river
water, this study first designs an experiment to prepare
water samples containing decomposing animal carcasses.
The study employed artificial simulation to prepare river
water samples containing decomposed animal carcasses,
rather than directly collecting samples from natural pollu-
tion areas. This approach aimed to control environmental
variables, enhance experimental reproducibility, reduce
biosafety risks, and facilitate a systematic exploration of
the direct impact mechanisms of temperature and carcass
decomposition on microbial communities and virulence
genes. This provides a theoretical basis for subsequent
related research in natural water bodies. The required in-
struments for preparing samples with decomposing animal
carcasses are listed in Table 1.

In Table 1, 30-liter plastic buckets are used to collect river
water on site to ensure sample representativeness. A WQG-
11 water thermometer monitors water temperature in real
time. A 40-liter constant temperature water bath serves as
the main reaction vessel simulating natural thermal condi-
tions. A CN-010 sterile submersible heater provides tem-
perature control while preventing external contamination,
and is suitable for sealed reaction settings. Sampling sites
are selected to avoid any pollution discharge outlets within
500 meters upstream or downstream. No rainfall should
occur during the week prior to sampling, and surface river
water is chosen. Personnel wear sterile disposable gloves
during sampling, and the collected water is immediately
sealed. Water quality parameters are measured using a
UV-visible spectrophotometer. Microbial cells in the water
are retained using microporous membranes, which also
filter out large particles.

2.1.2. Design of experimental procedures

Based on the functional characteristics of the instruments
and standardized water sampling, the experiment is then
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Table 1. Instruments used for preparing samples with decomposing animal carcasses

Material Specification Manufacturer
Electronic Balance JD3000-2 LONGTECH

Square Constant-Temperature
Water Tank 40 L YIHENG

Volumetric Flask 1000 mL TIANBO
Aqueous Microporous Filter 50 mm × 0.22µ m,

Membrane 50 mm × 5µ m JINTENG
Beaker 200 mL, 1000 mL SHUNIU

Plastic Sampling Bucket 30L HUANYU
Water Thermometer WQG-11 DEQIAN

Underwater Aseptic Heating Rod CN-010 BAISHI
Pipette Research plus Eppendorf

UV Transilluminator GL-3120 QILINBELL
UV-Vis Spectrophotometer NANO DROP One THERMO

designed to simulate the decomposition process of animal
carcasses. It includes procedures for sample handling, con-
trol group design, and environmental condition settings.
The preparation process of water samples is shown in Fig. 1.

Fig. 1. Flow chart of water sample preparation with
decomposing animal carcasses

As shown in Fig. 1, the study first selects experimental
animals and base water samples. All animals are eutha-
nized using C9H11NO2 · CH4O3 S to avoid variability. Wa-
ter is collected from upstream surface sources that meet the
requirements of no pollution discharge outlets and no rain-
fall interference. The 40-liter water baths are completely
sealed. Sterile submersible heaters are used for tempera-
ture control, simulating the global average temperature.
After 30 days, 5µ m microporous membranes are used to
remove large particles, followed by 0.22µ m membranes to
capture microbial cells in the water. These filtered samples
are used to analyze microbial community structure and
virulence gene disturbance. Groups with added carcasses
are defined as the carcass group, while those without are
defined as the control group. Environmental parameters
for each group are shown in Table 2.

Table 2 shows that the water volume is set at 40 liters.
Animal carcasses and water temperature are selected as
core variables. Five temperature levels are set at 23◦C, 26◦C,
29◦C, 32◦C, and 35◦C, all suitable for microbial growth. The
environmental parameter configurations for different ex-

perimental groups were repeated five times for each experi-
ment. To minimize the influence of carcass weight on the re-
sults, the weight of carcasses is controlled at 106.40± 2.28 g.
After grouping, each tank is sealed with sterile transpar-
ent film. After 30 days, the tanks are opened and filtered
again to obtain the final water samples, which are used for
microbial community and virulence gene analysis.

2.1.3. Measurement design for physicochemical properties of wa-
ter samples

To clarify the physicochemical characteristics of water dur-
ing carcass decomposition, the study conducts quantita-
tive tests of each group’s water samples after the experi-
ment. Conductivity (CON), Total Dissolved Solids (TDS),
Salinity, pH, and Oxidation-Reduction Potential (ORP)
are measured using a benchtop water quality analyzer.
Nitrate-Nitrogen (NO3 − N) is measured by ultraviolet
spectrophotometry, and Ammonia Nitrogen (NH4 − N) is
determined using the Nessler’s reagent spectrophotometric
method[8, 9]. The calculation of the corrected absorbance
is shown in Equation (1) [10, 11].

ACorrection = A220 − 2 × A275 (1)

In Equation (1), A220 represents the absorbance at
220 nm, A275 represents the absorbance at 275 nm , and
ACorrection is the corrected absorbance value. Free NH3

ions are lipid-soluble molecules that can penetrate biologi-
cal membranes, damage fish gill tissues and nervous sys-
tems, and exhibit strong toxicity. The Nessler’s reagent
method forms a yellow-brown complex after the reaction
between ammonia and the reagent, which is then used to
determine the concentration of NH4 − N in the water. The
calculation formula is shown in Equation (2).

C =
A − b

k
× V

VSampling
(2)
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Table 2. Environmental parameter configurations for different experimental groups

/ Add the weight of the corpse (g)

Temperature
(◦C)

Volume
of water

(L)

Control
group

Corpse
Group 1

Corpse
Group 2

Corpse
Group 3

Corpse
Group 4

23 40 0 105.23 106.89 104.56 107.31
26 40 0 106.12 108.05 104.98 107.54
29 40 0 105.78 107.92 104.15 108.60
32 40 0 106.95 105.30 107.81 104.42
35 40 0 104.87 108.33 105.64 107.19

In Equation (2), A represents the measured absorbance
of the solution, k is the slope of the fitted linear equation,
and b is the intercept.

2.2. Analysis of Disturbance Effects on Microbial Com-
munities and Virulence

Genes

2.2.1. Experimental materials and instruments

Water physicochemical characteristics of decomposing an-
imal carcass samples in river water reflect to some extent
the degree of water quality deterioration and nutrient en-
richment. However, these indicators alone cannot directly
reveal the disturbance effects of carcass decomposition on
microbial communities and virulence genes. It is necessary
to extract and classify microbial DNA from the samples
and analyze them using biostatistical and bioinformatic ap-
proaches [12, 13]. The instruments required for microbial
communities and virulence genes are listed in Table 3.

As shown in Table 3, a TissueLyser II bead mill is used to
lyse microbial cells efficiently through physical disruption.
An Eppendorf 5425 centrifuge completes the nucleic acid
separation process. The DYY-8C electrophoresis system
enables agarose gel electrophoresis to assess the integrity
of extracted DNA. The C1000 Thermal Cycler and Veriti
Thermal Cycler provide gradient PCR conditions for op-
timizing amplification of virulence gene-specific primers.
The QuantStudio 3 real-time PCR system quantifies the
copy number of virulence genes. Illumina NextSeq 550
and NovaSeq 6000 platforms support full-length 16S rRNA
and metagenomic sequencing, providing data for commu-
nity structure analysis and virulence gene cluster screening.
Reagents and suppliers used in this analysis are summa-
rized in Table 4.

As shown in Table 4, the TaKaRa DNA Gel Extraction
Kit is used for secondary purification of PCR products to
ensure sequence integrity. Agarose and nucleic acid stains
are used with the DYY-8C system for visualizing nucleic
acid fragments. Glacial acetic acid and sodium hydroxide
are used to prepare Tris-acetate (TAE) buffer for stabilizing

pH during electrophoresis. The Trans2K® DNA Marker,
in combination with the TaKaRa TB Green TM Premix Ex
Taq TM II real-time PCR system, is used to calibrate the
molecular weight of amplification products. Ethylenedi-
aminetetraacetic Acid (EDTA) serves as a chelating agent
in solution preparation.

2.2.2. Detection methods for microbial communities and func-
tional genes in samples

In this analysis of microbial communities and virulence
genes, confirming the required instruments and reagents
is essential for subsequent experiments. Based on these
conditions, the study focuses on the design of detection
methods for microbial communities and functional genes.
High-purity microbial DNA extraction requires repeated
centrifugation steps. The extraction process is shown in
Fig. 2.

Fig. 2. Extraction process of high-purity microbial DNA
from samples

As shown in Fig. 2, microbial DNA extraction involves
multiple centrifugation steps. First, the fragmented filter
membranes are mixed with Solution C1 for initial lysis
and solid-liquid separation. The supernatant is collected.
Second, the supernatant is mixed with LC2 and centrifuged
at 10, 000 g for 1 min at 4◦C to remove protein impurities.
Third, Solution C3 is added, and the mixture is centrifuged
at the same speed for 1 min . Fourth, the supernatant is
mixed with C 4 and centrifuged again. Finally, the eluate
is filtered through a spin column and centrifuged for 30 s
to obtain high-purity microbial DNA at a concentration of
20ng/µL.
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Table 3. Summary of instruments for analyzing disturbance effects on microbial communities and virulence genes

Material Specification Manufacturer

Sequencer
Illumina Nextseq 550,

IlluminaIllumina Novaseq 6000
Electrophoresis Apparatus DYY-8C Type BJ LY

PCR Amplifier C1000 Thermal Cycler Bio-RAD

PCR Machine Veriti Thermal Cycler Applied
Biosystems

Real-time Quantitative PCR QuantStudio 3 QPCR
SYSTEM

Thermo Fisher
Scientific

Recirculating Water Multi-
purpose Vacuum Pump SHB-B95 ZZGW

Rotating Mixer Vortex 3 IKA
High - Pressure Steam

Sterilizer LDZX-50KBS SHENAN

Constant - Temperature
Water Bath HH-S24 JINGHONG

Centrifuge Eppendorf 5425 Eppendorf
DO Meter JPB-607A XINRUI

Benchtop Water Quality
Analyzer DR1900 HACH

Aseptic Centrifuge Tube 5mL, 2mL CORNING
Microwave Oven M1-L213C MIDEA

Bead Mill Homogenizer TissueLyser II QIAGEN

Table 4. Summary of reagent kits for analyzing disturbance effects on microbial

Experimental Reagent Name Manufacturer
2× TSINGKE MASTER MIX (blue) Novoprotein

3-Ethoxyacetyl aniline methanesulfonate Macklin
Glacial Acetic Acid (Analytical Reagent Grade) Sinopharm

DNeasy® PowerSoil® Kit Thermo Fisher
DNA Gel Extraction Kit TaKaRa

EDTA, Analytical Reagent Grade Sigma-Aldrich
Gel Stain Novoprotein

Sodium Hydroxide (Analytical Reagent Grade) Kermel
Agarose Sangon

Trans2K® DNA Marker Yuheng
TaKaRa TB Green TM Premix Ex Taq TM II Hongxun

Tris, Analytical Reagent Grade Aladdin

2.2.3. Statistical analysis methods for disturbance assessment

Microbial DNA carries rich information on community
composition and functional potential. Due to its complex-
ity, traditional methods cannot efficiently interpret the data.
Bioinformatic statistical methods allow accurate analysis
of microbial communities and virulence genes[14]. The
study uses DIAMOND v0.7.12 software, a high-throughput
sequence alignment tool, to quickly obtain sequence sim-
ilarity information. The sequences are interpreted across
bacteria, eukaryotes, archaea, and viruses, and compared
with virulence genes using the Pathogen Host Interactions
(PHI-base) database. DIAMOND v0.7.12 uses sequence
similarity algorithms and hash-based data structures to
identify matching regions and speed up the alignment pro-

cess. The formula for mapping short sequence fragments
into hash values is shown in Equation (3).

Hash(S) = c0 × rk−1 + c1 × rk−2 + . . . + ck−1 (3)

In Equation (3), r represents the type of nucleotide base,
and s represents a short sequence fragment of the gene.
Microbial abundance in the carcass and control groups is
visualized using custom heatmaps. The disturbance ef-
fects of carcass decomposition on microbial communities
and virulence genes are evaluated by calculating microbial
community β-diversity and applying statistical error cor-
rection to control false discovery rates. The Bray-Curtis
(BC) index is used to measure species composition differ-
ences between ecological communities, and its calculation
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is shown in Equation (4).

BC(i, j) = 1 −
2 × ∑S

k=1 min(xik, xjk)

∑S
k=1 xik + ∑S

k=1 xjk
(4)

In Equation (4), xik and xjk represent the abundance of
species k, and S is the total number of species. Community
difference tests are performed using the vegan package.

3. Results and discussion

3.1. Verification of Changes in Physicochemical Param-
eters, Microbial Communities, and Virulence Gene
Abundance

To explore the disturbance effects of animal carcass de-
composition in river water on microbial communities and
virulence gene abundance, the study tested the physico-
chemical parameters, microbial composition, and virulence
gene profiles of the samples. Each group conducted five
replicate experiments and took the average as the final
result. Detailed physicochemical indicators of the water
samples are shown in Table 5.

As shown in Table 5, the DO values in the carcass group
were significantly lower than those in the control group,
with the lowest value reaching 0.08mg/L, far below the
6.30mg/L observed in the control group. This indicated
that the decomposition process consumed a large amount
of oxygen. The NH4 − N concentration increased signifi-
cantly from 0.22µ g/ml in the control group to 14.30µ g/ml
in the carcass group, suggesting substantial NH4 − N re-
lease during decomposition. In contrast, the NO3 − N con-
centration showed only minor changes. The pH and TDS
values remained relatively stable across groups, with the
highest pH of 8.23 recorded in control group 4 , slightly
higher than 7.75 in carcass group 1. These results indi-
cated that animal carcass decomposition in river water con-
sumed oxygen and released NH4 − N, potentially harming
aquatic organisms. And these drastic physical and chemi-
cal changes may trigger a series of downstream ecological
consequences. Firstly, sustained hypoxia stress can directly
threaten the survival of fish and other aerobic aquatic or-
ganisms, leading to avoidance behavior, growth inhibition,
and even death. Secondly, this oxygen deficient and am-
monium rich environment creates strong selection pres-
sure, which is conducive to promoting the proliferation of
anaerobic microorganisms such as methanogenic archaea
and ammonium/ammonia tolerant microbial communities,
fundamentally altering the functional pattern of aquatic
microbial ecosystems. Although the concentration of am-
monium nitrogen increased sharply, the concentration of
nitrate nitrogen changed very little throughout the entire

experimental period. This is likely related to the inhibi-
tion of the dynamic equilibrium of nitrification denitrifica-
tion under low dissolved oxygen conditions. Nitrification
is mainly driven by aerobic microorganisms, and its rate
significantly decreases in hypoxic environments; Denitri-
fication is also limited by electron acceptors and specific
anaerobic conditions. Therefore, in the strongly reducing
microenvironment dominated by corpse decomposition, ni-
trogen cycling may be "locked" in the ammonium nitrogen
stage or through other anaerobic nitrogen conversion path-
ways, thereby limiting the net accumulation of nitrate. To
evaluate the effects of reduced DO and increased NH4 − N
on microbial communities, the study analyzed the relative
abundance of microbial groups
in the control and carcass groups. The results are shown in
Fig. 3.

Fig. 3. Relative abundance of microbial communities in
control and carcass groups

As shown in Fig. 3(a), the microbial community in the
water included bacteria, archaea, viruses, eukaryotes, and
unclassified groups. Bacteria dominated both groups at
all temperatures, with relative abundance exceeding 0.6,
and their proportion remained stable as temperature in-
creased from 23◦C to 35◦C. Archaea ranked second in
abundance, with an average relative abundance over 0.2
in the carcass group. Fig. 3(b) showed that the relative
abundance of viruses, eukaryotes, and unclassified groups
remained below 0.1 . Among the differences, the most sig-
nificant increase was observed in the proportion of archaea
in the carcass group. The PERMANOVA analysis based on
Bray-Curtis distance indicated that temperature increase
had a significant impact on the overall microbial commu-
nity composition ( p < 0.05 ). These findings suggested
that changes in DO and NH4 − N altered the microbial
community structure, with a significant rise in the relative
abundance of archaea ( p < 0.05 ). This growth is mainly
attributed to the relative enrichment of anaerobic methane
producing bacteria, such as Methanobacteria, and ammo-
nia oxidizing archaea, such as the phylum Archaea. This
indicates that in the hypoxic microenvironment caused
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Table 5. Summary of physicochemical parameters in decomposing animal carcass samples

CON TDS Salinity pH ORP DO

NH4-
N

µg/m
l

NO3-
N

µg/m
l

DZ1 785 0.40 8.0
5

-
65.2

6.3
0 0.31 3.82

DZ2 910 0.45 7.9
5

-
57.5

5.4
0 0.25 3.83

DZ3 880 0.44 8.1
5

-
68.5

5.8
4 0.44 3.25

DZ4 870 0.45 8.2
0

-
70.1

5.9
2 0.22 3.85

ST1 835 0.42 7.7
5

-
14.2

0.0
8 13.50 0.55

ST2 710 0.35 7.6
4

-
11.7

0.3
5 14.16 0.35

ST3 830 0.42 7.8
5

-
22.0

1.6
0 14.30 0.43

ST4 740 0.38 8.2
3

-
48.0

0.6
5 14.11 0.86

by corpse decomposition, strictly anaerobic methanogenic
bacteria may proliferate by utilizing the hydrogen and car-
bon dioxide produced from decomposition for methane
production, marking a shift from carbon cycling to anaer-
obic metabolic pathways. At the same time, the increase
of archaea is directly related to the high concentration of
ammonium nitrogen in the water. They participate in the
nitrogen cycle by oxidizing ammonia to nitrite, which may
partially alleviate the toxicity of high ammonia nitrogen
to aquatic organisms, and also change the transformation
path and destination of nitrogen elements in the water.

To assess the disturbance effects on virulence gene abun-
dance, the study constructed a heatmap of the top 15 most
abundant virulence genes in the water samples, as shown
in Figure 4. The heatmap emphasizes the distribution of
gene abundance states along the temperature gradient, dis-
playing the relative abundance of the top 15 virulence genes
in each group at different temperatures. The relative abun-
dance of each virulence gene is calculated by normalizing
its sequencing reads to the total number of highquality se-
quencing reads obtained from the corresponding sample,
enabling crosssample comparison.

As shown in Fig. 4, the heatmap displayed the relative
abundance of the top 15 virulence genes in the control and
carcass groups across different temperatures. Warm colors
represented high abundance, while cool colors indicated
low abundance. The results showed that most virulence

Fig. 4. heatmap of the top 15 virulence genes in water
samples

genes had significantly higher abundance in the carcass
group than in the control group. Genes such as phoP,
glnAl, sigA, and CT396 peaked in the carcass group at 32◦C.
PERMANOVA analysis based on Bray Curtis distance con-
firmed a highly significant difference ( p < 0.01 ) in the
overall virulence gene profile between the control group
and the cadaver group. The enrichment of these genes has
important biological significance, among which phoP is a
key component of the two-component regulatory system
PhoP/PhoQ, widely involved in bacterial stress response
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to low magnesium, acidic environments, and antimicrobial
peptides, and regulating the expression of various viru-
lence factors. GlnAl encodes glutamine synthetase, which
is a core enzyme in microbial nitrogen metabolism. Its
abundance changes are directly related to the metabolic
pressure and nitrogen assimilation process of high concen-
trations of ammonium nitrogen in water. Sig A is the main
sigma factor in bacteria, responsible for the transcription of
housekeeping genes. Its expression level is often regarded
as an indicator of microbial cells’ ability to maintain basic
vitality and metabolic recombination in response to envi-
ronmental stress, such as hypoxia and nutrient limitation.
Therefore, the peak of these genes at specific temperatures
not only indicates an increase in virulence potential, but
also reflects the profound physiological adjustments that oc-
cur in the microbial community to adapt to the hypoxic, ni-
trogen rich, and chemical stress microenvironment caused
by corpse decomposition, including stress response, nitro-
gen metabolism recombination, and global transcriptional
regulation. However, the abundance of certain siderophore
synthesis genes first increased and then decreased with
rising temperature. These findings indicated that carcass
decomposition altered the water environment and signifi-
cantly increased virulence gene abundance, raising the risk
of environmental pollution.

3.2. Integrated Analysis of Dissimilarity and Diversity
in Microbial and Virulence Gene Profiles

After confirming the disturbance effects of physicochemi-
cal changes on microbial communities and virulence genes,
the study further focused on differences in community
composition and diversity to explore the multidimensional
impacts of carcass decomposition. Fig. 5 shows the het-
erogeneity of the GA gene community and the adjusted
stochastic ratio in the control and carcass groups.

Fig. 5. Community dissimilarity and adjusted stochastic
ratio of GA genes in decomposing river water samples

As shown in Fig. 5(a), the regression analysis results
based on the Bray-Curtis distance matrix indicate that tem-
perature has an explanatory power of R2 = 0.476

(p < 0.05) for the differences in virulence gene profiles
among cadaver groups. As temperature increases, this dif-
ference first decreases and then increases, reaching a min-
imum value of 0.46 at 32◦C, which is significantly lower
than the value of 0.56 at 23◦C, and then tends to stabilize.
In Fig. 5(b), red dots represented the carcass group and
yellow dots represented the control group, showing the
adjusted stochastic ratio. The ratio in the carcass group
first increased to 0.83 and then declined to 0.38 at 35◦C,
while the control group remained dominated by random-
ness with no significant trend. The aforementioned results
may be attributed to the fact that at moderate tempera-
tures (such as 28 − 32◦C ), the abundant organic matter
provided by cadaver decomposition and the anaerobic en-
vironment may create a strong selective pressure, enabling
the dominant amplification of a small number of micro-
bial groups that are adapted to these conditions and carry
specific virulence genes. This leads to reduced variabil-
ity and enhanced deterministic selection within the entire
virulence gene community. When the temperature contin-
ues to rise to 35◦C, excessive thermal stress may inhibit
the activity of some microorganisms while simultaneously
triggering new and diverse stress response mechanisms,
thereby increasing community variability once again and
weakening the deterministic role of environmental filtra-
tion. This indicates that environmental perturbations from
cadaver decomposition reshape the community structure
of virulence genes, driving the assembly process from ran-
dom diffusion to environmental filtration dominated by
key factors such as temperature within a specific tempera-
ture range, such as around 28◦C. The study also analyzed
α and β diversity of virulence genes, as shown in Fig. 6.

Fig. 6. Community diversity and ordination of virulence
genes
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As shown inFig. 6(a), with rising temperature, the α di-
versity of virulence genes in the control group remained
higher than that in the carcass group. The median value in
the carcass group decreased from 9.0 to 8.5, while the con-
trol group maintained a stable level of 9.5. Fig. 6(b) showed
a continuous decline in α diversity in the carcass group,
while the control group displayed little fluctuation, sug-
gesting that decomposition amplified the suppressive ef-
fect of temperature on virulence gene richness. In Fig. 6(c),
the clustering of gene communities was distinct. Carcass
group samples were clustered around -0.1 , while the con-
trol group displayed a broader fluctuation over 0.3. In
Fig. 6(d), the explanatory power of temperature on vir-
ulence gene community composition reached its lowest
point at 26◦C(0.45) and rebounded to 0.75 at 35◦C, forming
a U-shaped pattern. This indicated that factors beyond
temperature also influenced gene community variation.
These results showed that animal carcass decomposition re-
shaped the diversity pattern and assembly mechanisms of
virulence genes by altering the microenvironment, provid-
ing insight into the adaptive evolution of their pathogenic
potential. When the adjusted randomness ratio is signifi-
cantly higher than 0.5 , it is generally believed that deter-
ministic processes, such as environmental filtering, play
a dominant role in community assembly. Research data
shows that this ratio peaks at 0.82 at 28◦C, and at this tem-
perature, temperature acts as a key environmental filter, ex-
erting the strongest deterministic selection pressure on the
assembly of virulence gene profiles, driving the assembly
process to shift from random diffusion to environmental
filtering. The biological significance of this peak at 28◦C
may lie in its proximity to the optimal growth tempera-
ture range (25 − 37◦C) for many common gut and envi-
ronmental bacteria. At this temperature, microorganisms
from animal corpses exhibit high metabolic activity, and
the large amount of organic matter released during decom-
position and the resulting hypoxic environment together
constitute a strong selection pressure, thereby effectively
selecting and enriching microbial groups that carry specific
virulence genes and are adapted to this microenvironment,
resulting in the highest deterministic selection signal, i.e.,
the peak of the randomness ratio. When the temperature
deviates from this range, the overall activity or stress re-
sponse mechanisms of microorganisms change, and the
intensity of environmental filtering also decreases accord-
ingly. Finally, the study examined the alignment between
microbial community structure and the distribution of GA
genes using Procrustes analysis, as shown in Fig. 7.

As shown in Fig. 7, the figure visualizes Principal Coor-
dinate Analysis (PCoA) results for microbial and virulence

Fig. 7. Procrustes analysis of microbial communities and
virulence gene

gene profiles. The x - and y -axes correspond to PCoA 1 and
PCoA 2 , respectively, reflecting community composition
variation. Microbial communities and GA genes showed
strong correlation ( r = 0.810, p < 0.05 ), with tightly
aligned sample points. This visualized the high degree
of structural coupling between the two communities and
suggested that the composition pattern of virulence genes
was highly dependent on microbial community structure.
These findings indicated that microbial communities and
virulence genes responded synergistically to environmental
disturbances caused by animal carcass decomposition.

3.3. The relationship between environmental factors and
metagenomic features

The decomposition of animal carcasses in river water pre-
sented a clear coupling disturbance effect between physic-
ochemical parameters and microbial communities. The
study found that the decomposition of the corpse led
to a decrease in dissolved oxygen (DO) concentration to
0.08mg/L and an increase in ammonium nitrogen concen-
tration to 14.32µ g/ml. This extreme condition of hypoxia
and nitrogen enrichment was produced under the con-
trolled static water body and fixed corpse load conditions
in this study. The degree of dissolved oxygen consumption
was higher than reported values in some naturally flowing
water bodies, but the accumulation range of ammonium
nitrogen was highly similar to the physicochemical char-
acteristics observed by Parida in the polluted section of
the Yamuna River, confirming the universality of organic
pollution’s stress on aquatic ecosystems [15]. Microbial
community analysis showed that bacteria remained the
dominant group, with relative abundance above 0.6 . How-
ever, the abundance of archaea significantly increased in
the carcass group ( p < 0.05 ). This finding echoed the
viewpoint of Pedrinho, who suggested that microbial di-
versity played a key role in ecosystem resilience-implying
that hypoxic stress might have selectively enriched anaer-
obic archaea, reshaping the community to adapt to envi-
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ronmental fluctuations [16]. Notably, the β diversity of
microbial communities in the carcass group showed a turn-
ing point at 32◦C. This observation aligned with the find-
ing by the Cornell research group that the relationship
between environmental disturbance intensity and micro-
bial network stability was nonlinear [17]. It suggested that
temperature and nutrient loading during decomposition
may have interacted to disrupt the stability of microbial
communities. In addition, Wang Y and colleagues devel-
oped a microbial-induced calcium carbonate precipitation
technique, which demonstrated that microbial functional
genes could respond to environmental signals by regulat-
ing metabolic pathways. This provided mechanistic insight
into why virulence genes such as phoP and g ln Al reached
peak abundance at 32◦C in this studysuggesting that hy-
poxic and nitrogen-rich stress might have activated specific
regulatory pathways, promoting virulence gene expression
and enrichment [18].

The response patterns of virulence genes revealed the
potential ecological risks of carcass decomposition. In this
study, the carcass group exhibited significantly higher vir-
ulence gene abundance compared to the control group.
Procrustes analysis further confirmed a strong correlation
between virulence gene patterns and microbial community
structure ( r = 0.810 ), which supported the conclusion by
Rasmi et al. that virulence gene distribution was closely
linked to microbial ecological niches. Interestingly, the
explanatory power of temperature for virulence gene pro-
files followed a U-shaped trend, reaching a minimum of
0.45 at 26◦C and rising to 0.75 at 35◦C. This nonlinear pat-
tern resembled the threshold effect reported by Amaral
and colleagues, who found that hydrological disturbances
influenced the functional structure of river invertebrates
[19]. Similarly, when environmental stress surpassed a cer-
tain threshold, the enrichment pattern of virulence genes
appeared to shift from random diffusion to deterministic
selection. From an applied perspective, the deep learning-
based real-time monitoring system developed by Mokayed
and other researchers, although designed for human health
diagnostics, utilized multi-scale feature fusion. This al-
gorithmic logic could be extended to virulence gene risk
assessment. By integrating multidimensional data such
as DO, NH4 − N, microbial community composition, and
virulence gene abundance, predictive models could be con-
structed for environmental health evaluation [20]. More-
over, the shift toward deterministic environmental filtering
at 35◦C indicated that high temperatures accelerated the
decomposition process, strengthening environmental se-
lection pressure. This, in turn, might have promoted the
fixation and transmission of virulence genes within micro-

bial communities.

Yosri et al.’s study emphasized the importance of mon-
itoring fungal communities in assessing the resilience of
aquatic environments [21]. Microbial communities are not
passively manipulated by the environment. In the early
stage of corpse decomposition, the community may buffer
environmental changes and maintain basic decomposition
and material cycling functions through its inherent func-
tional redundancy, which may correspond to the plateau
period of changes in the abundance of certain virulence
genes in this study. However, when environmental pres-
sure continues to increase and exceeds a certain ecological
threshold, the community structure undergoes a drastic
and nonlinear transition, forming a new "disturbance dy-
namic" steady state that adapts to the stressful environ-
ment. The observed turning point of microbial beta diver-
sity around 32◦C and the strongest deterministic selection
of virulence gene community assembly at 28◦C are likely
indicative of this steady-state transition critical point. This
indicates that the resilience of ecosystems is not infinite,
and the impact of highintensity point source pollution may
push them towards a functionally distinct new steady state
characterized by increased anaerobic metabolism and po-
tential pathogenic risks. Gad et al. directly linked com-
munity changes with ecosystem functions by focusing on
groups such as protozoa that have clear functional indica-
tors [22]. This provides important methodological insights
for this study. When assessing pollution risks, association
analysis between specific functional microbial groups (and
the functional genes they carry) can more accurately predict
ecological health consequences. This study is a deepening
of this idea: it not only observed the enrichment of func-
tional groups such as methanogenic archaea and archaea,
but also directly captured the expansion and weight of the
virulence gene pool that occurred with their enrichment
through metagenomics. For example, the enrichment of
g ln Al genes related to nitrogen stress and phoP genes
related to global stress response is direct evidence at the
molecular level of microbial communities’ "metabolic re-
combination" and "stress preparedness" to adapt to new
environments. Therefore, the environmental risk of ani-
mal carcass input events lies not only in the instantaneous
hypoxia and eutrophication caused by it, but also in the
possibility that it may persistently alter the functional gene
reserves of water microbial communities, increase the pos-
sibility of toxicity factors being stored, transferred, and
expressed in the environment, and thus constitute a po-
tential, long-term hotspot for the transmission of zoonotic
diseases.

This has important implications for environmental risk
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assessment, as traditional assessment methods based on a
single physical and chemical indicator may not fully cap-
ture ecological risks mediated by microorganisms, such as
increased pathogenic potential. The results of this study
suggest that a multi-level integrated risk assessment frame-
work should be established: by monitoring changes in
key physical and chemical factors, combined with high-
throughput sequencing to analyze microbial community
structure and the abundance and diversity of functional
genes such as virulence genes and antibiotic resistance
genes, to comprehensively evaluate the potential threat of
organic pollution events to aquatic ecosystem health and
public health.

4. Conclusion

The study systematically revealed the multidimensional
disturbance effects of animal carcass decomposition on
river ecosystems. At the physicochemical level, carcass de-
composition significantly reduced DO in the water, with a
minimum of 0.08 mg/L, and NH4 −N concentration, reach-
ing up to 14.32µ g/ml. This created a hypoxic and high-
nitrogen stress environment, consistent with the process
of oxygen consumption and nitrogenous organic matter
release during decomposition. At the microbial commu-
nity level, bacteria remained the dominant group, but the
abundance of archaea significantly increased in the carcass
group ( p < 0.05 ). The β diversity of communities showed
a "decrease-then-increase" trend with rising temperature,
and at 35◦C, stochastic community assembly shifted to-
ward deterministic environmental selection. At the viru-
lence gene level, virulence genes such as phoP and g ln Al
had significantly higher abundance in the carcass group
compared to the control group, peaking at 32◦C. Procrustes
analysis confirmed a strong coordination between viru-
lence gene profiles and microbial communities ( r = 0.810
). The results demonstrated that animal carcass decomposi-
tion in river water altered the microenvironment, driving
microbial community restructuring and promoting viru-
lence gene enrichment and cooccurrence, thereby increas-
ing the pathogenic risk to the aquatic ecosystem. These
findings not only clarify the hierarchical mechanism of ani-
mal carcass decomposition driving the enrichment of vir-
ulence genes, namely environmental stress → community
screening → functional response, but more importantly,
they collectively constitute a conceptual framework for
the integrated assessment of key environmental factors,
microbial community dynamics, and virulence gene risks,
providing new theoretical basis for early warning and as-
sessment of health risks of organic pollution in rivers from
the dimension of ’microbial function’. However, natural

river water is dynamic,
and the study’s experimental design did not account for
water flow effects on microbial communities. Future work
will further optimize the simulation of water circulation by
employing inflow-outflow experimental setups to better
investigate the complex multilevel effects of carcass de-
composition in flowing water environments. In addition,
factors such as hydrodynamic conditions (such as flow
velocity, turbulence), interactions at the water sediment
interface, seasonal climate changes (such as temperature,
rainfall fluctuations), and different types and quantities
of animal carcasses may also have significant impacts on
decomposition processes, microbial community succession,
and the spread of virulence genes. Incorporating these fac-
tors into future research frameworks will help build more
comprehensive and realistic risk assessment models for
river ecosystems.
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