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BacteriaVirus Parasite
52% 33% 15%

(Albers, T. M., et al., 2023)

Introduction

Rodent-borne viral diseases

Type of viral genome Viral families Prevalence
DNA viruses Herpesviridae 0.70%

RNA viruses

Arenaviridae 53.10%
Coronaviridae 1.25%
Flaviviridae 5.78%
Hantaviridae 22.83%
Hepeviridae 0.07%
Paramyxoviridae 0.38%
Picorbirnaviridae 1.70%
Picornaviridae 0.33%
Reoviridae 0.14%

Other 13.72%

(Yaya Fan, 2023)

(Wu et al., 2021)

Types of pathogen in rodents



1. The diversity and prevalence of bacterial pathogens in rodents from 
different habitats are different. 

2. A candidate virus circulating in rodents has the potential of cross-species 
transmission. 

Objectives

Ø To investigate the diversity and prevalence of bacterial pathogens in
rodents from different habitats

Ø To determine the distribution of viruses belonging to common zoonotic viral
families in rodents from different habitats

Ø To determine the cross-species transmission potential of a candidate virus
in rodents in Chanthaburi and Chiang Rai, Thailand

3Hypothesis

Objectives



Spillover factors
?

VS

Problem

3) Determination of distribution of viruses 
belonging to common zoonotic viral families

4) Determination of candidate virus with 
cross-species transmission potential

Virus-Host receptor as high-risk
for cross-species transmission

Process Outputs

Ø Diversity and prevalence of 
bacterial pathogens

Ø Distribution of viruses in the 
common zoonotic viral families

Ø Phylogenetic tree of common 
zoonotic viral families

Outcomes

Impacts

Risk of pathogen 
spillover

1) Sample collection from different 
habitats and preparation for sequencing

Information
Ø for analysis factor 

to zoonotic spillover 

Ø for characterization the cross-
species transmission potential in 
vitro and in vivo

Ø for design tools to control diseases 

2) Investigation of diversity of 
bacterial pathogen in rodents

1

2

3

4Conceptual framework



Sample collection from different habitats and 
preparation for sequencing

Part 1

Part 3

Determination of candidate virus with 
cross-species transmission potential

Part 4

Investigation of the diversity of 
bacterial pathogens in rodents

Part 2

5Previous progression

Determination of the distribution of viruses 
belonging to common zoonotic viral families and 

construction of phylogenetic trees in rodents



Part 3

Top 5 viral families with high abundance: Retroviridae, Peribunyaviridae, Hantaviridae, Anelloviridae, and Parvoviridae.
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Distribution of common zoonotic viral families in rodents

Figure 1 Relative abundance of the zoonotic viral family in rodent in each pool 

Red letters: 7 common 
viral zoonotic families
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Sample collection from different habitats and 
preparation for sequencing

Part 1

Part 3

Determination of candidate virus with 
cross-species transmission potential

Part 4

Investigation of the diversity of 
bacterial pathogens in rodents

Part 2

Determination of the distribution of viruses 
belonging to common zoonotic viral families and 

construction of phylogenetic trees in rodents

7Current progression



8Part 3- Distribution of common zoonotic viruses

Ø Oral swab  
Ø Rectal swab
Ø Blood

Pool samples

QIAamp Viral RNA Mini Kit

Nucleic acid extraction

1. Coronaviridae
2. Flaviviridae
3. Filoviridae
4. Hepeviridae
5. Hantaviridae
6. Paramyxoviridae
7. Poxviridae

Pan- viral PCR

Pool sample for sequencing

Ø Species
Ø Habitats
Ø Season
Ø Provinces

Pool positive Pan-viral PCR 
at least 1 viral family.



To determine the distribution of viruses belonging to common zoonotic viruses in rodents 
from different habitats

Principal coordinate analysis

To evaluate viral community composition in rodents from different habitats and species

Hybrid-capture 
viral enrichment

Pan-PCR 
amplification

Next-generation 
sequencing

Virome
identification

9Part 3- Distribution of common zoonotic viruses



Data flow DatabaseSoftware

fastq

Data preprocessing

fastp

Bowtie2
Host Removal

Quality control

MultiQC
Quality check

MEGAHIT
Assembly

BLASTn Viral RefSeq
Diamond Viral RefSeq
BWA-MEM

Read Mapping

CoverM
Length ≥ 250 bp, Coverage ≥ 70%

Merge Results

Contig Filtering

Classify Contigs

Generate 
Species List

Species Identification

Reports and 
Visualizations

Virome Identification To determine the distribution of viruses belonging to common zoonotic viruses in rodents

Viral Metagenomic Analysis Workflow

10Part 3- Distribution of common zoonotic viruses



Virome Identification

11Part 3- Distribution of common zoonotic viruses
To determine the distribution of viruses belonging to common zoonotic viruses in rodents

Total viral contig
946 contigs

Bacteria

Environment

Insect

Mammal

Plant

Vertebrates

Host category

Figure 2 Proportional distribution of viral contig associated with host range

72.73% Mammalian viruses

22.83% Bacteriophages 

2.54% Plant viruses

0.85% Vertebrates viruses

0.74% Insect viruses

0.32% Environmental viruses



Virome Identification

12Part 3- Distribution of common zoonotic viruses
To determine the distribution of viruses belonging to common zoonotic viruses in rodents

Figure 3 Relative abundance of the viral families in rodents in each pool.

Orthoherpesviridae

Anelloviridae

Poxviridae

Circoviridae

Polyomaviridae

Picornaviridae

Picobirnaviridae

Adenoviridae

Hepeviridae

Flaviviridae

Parvoviridae

Coronaviridae

Papillomaviridae

Arenaviridae

Retroviridae

Rattus exulans

Rattus rattus complex

Household

Forest

Dumpsite

Chanthaburi

Chiang Rai

Dry

Wet

Anelloviridae and Orthoherpesviridae showing a broad distribution pattern with varying levels of abundance.



Figure 4 Alpha diversity of viral communities of Rodent species ((A) Chao1 index, (B) Shannon index) and Habitats ((C)Chao1 index, (D) Shannon index). Statistic significant differences 
in the diversity indices (Kruskal-Wallis, p-value ≤ 0.05).

Alpha diversity To evaluate viral community composition between rodent species and habitats

13Part 3- Distribution of common zoonotic viruses
(A)

(B)

(C)

(D)

Diversity of viral species were not significant differences among species or habitats (p > 0.05). 

Rattus rattus complex
Rattus exulans

Rattus exulans Rattus rattus

Rattus rattus complex
Rattus exulans

Rattus exulans Rattus rattus

Rodent species

Rodent species

Habitats

Household
Forest
Dumpsite

Habitats

Household
Forest
Dumpsite



Figure 5 Principal coordinate analysis (PCoA) of viral family composition based on the Bray–Curtis dissimilarity, p-value ≤ 0.05, visualized by (A) Rodent species and (B) Habitats.

(p = 0.002 ) (p = 0.165)

HabitatsRodent species
Significant

Rattus rattus
Rattus exulans

Rodent species

(A) (B)

The composition of the viral community showed significant variation at the species level 
among 2 rodent species, but not significant among 3 habitats.

Principal coordinate analysis To evaluate viral community composition between rodent species and habitats

14Part 3- Distribution of common zoonotic viruses



Protein annotation To determine the cross-species transmission potential of a candidate virus in rodents

15Part 3- Distribution of common zoonotic viruses

Protein annotation

Annotation viral genomes

Visualization using iTOL

Phylogenetic analyses by IQ-TREE 

Multiple sequence alignment

- Bootstrap 1,000 replicates 
- ModelFinder

Ø Adenoviridae

Ø Arenaviridae

Ø Coronaviridae

Ø Flaviviridae

Ø Hepeviridae

Ø Orthroherpesviridae

Ø Papillomaviridae

Ø Parvoviridae

Ø Picorbirnaviridae



Arenaviridae To determine the cross-species transmission potential of a candidate virus in rodents

16Part 3- Phylogenetic tree analysis

NC_038365.1 Loie River virus (~7.2 kb)  

Z L 

GPC NP 

Contig in this study 

k141_31141 (~7.3 kb) 

k141_2607 (~7.1 kb) 

k141_15331 (~7.3 kb) 

k141_56336 (~1.9 kb) 

k141_12667 (~1.9 kb) 

k141_37584 (~1.9 kb) 

k141_54996 (~3.1 kb) 

k141_13435 (~3.2 kb) 

-3’ S segment: 5’- 

L segment: 5’- -3’ 

-3’ 

-3’ 

-3’ 

-3’ 

-3’ 

-3’ 

-3’ 

-3’ 

S segment: 5’- 

L segment: 5’- 

5’- 

5’- 

5’- 

5’- 

5’- 

5’- 

: 93.13%

: 92.85%

: 93.13%

: 92.62%

: 93.31%

: 93.33%

: 87.20%

: 93.14%



Sequences clustered tightly with Loie River virus and Wenzhou virus within the Old World Mammarenavirus lineage. 

Arenaviridae
17Part 3- Phylogenetic tree analysis

L protein Glycoprotein
To determine the cross-species transmission potential of a candidate virus in rodents



Coronaviridae
18Part 3- Phylogenetic tree analysis

To determine the cross-species transmission potential of a candidate virus in rodents

S ORF1b 

NC_012936.1Rat Coronavirus Parker (~30 kb)  

Contig k141_117818 (~2.5 kb)  

-3’ 5’- ORF1a E HE N M 

Contig k141_95566 (~1.6 kb)  

80.98%

86.25%



Coronaviridae
19Part 3- Phylogenetic tree analysis

Membrane protein Nucleoprotein

Rat coronavirus Parker in our study placed them within the Betacoronavirus A clade, that have a human coronavirus. 

To determine the cross-species transmission potential of a candidate virus in rodents



Flaviviridae
20Part 3- Phylogenetic tree analysis

Genome polyprotein

To determine the cross-species transmission potential of a candidate virus in rodents

Non-Structural Structural 

E2 

NC_025672.1 Norway rat hepacivirus 1 (~9.0 kb)  

Contig in this study 

3’OH 5’ C 

k141_179485 (~1.4 kb) 

k141_225495 (~1.7 kb) 

NS4B NS5B NS3 E1 NS2 NS4A NS5A 5’NCR 3’NCR 

P7
 

Ø Hepacivirus in our study clustered within a clade of rodent-

associated hepaciviruses, 

Ø Evolutionarily related to Hepatitis C virus (HCV), which causing 

chronic liver disease in humans. 

78.73%

77.94%



Hepeviridae
21Part 3- Phylogenetic tree analysis

To determine the cross-species transmission potential of a candidate virus in rodents

Capsid protein

ORF2 (Capsid) 

ORF3 

NC_038504.1 Rat hepatitis E viruses (~6.9 kb)  

RdRp 

Contig k141_184 (~1.7 kb)  

ORF2 (Capsid) 

A(n) 3’OH 

A(n) 3’OH 

5’-Cap Met Met X Helicase RdRp 
ORF1 

: 79.84%



Parvoviridae
22Part 3- Phylogenetic tree analysis

To determine the cross-species transmission potential of a candidate virus in rodents

VP1 NS1 

VP2 

NC_038545.1 Rat parvovirus 1a (~5.0 kb)  

Contig k141_11323 (~4.9 kb)  

3’ 5’ 

NS2 NS2 

NS1 VP1 VP1 3’ 5’ 

: 80.44%



Parvoviridae
23Part 3- Phylogenetic tree analysis

NS1 protein VP1 protein

Genetic recombination events may occur within the Rat parvovirus 1a.

To determine the cross-species transmission potential of a candidate virus in rodents



24Conclusion

Ø A total of viral contigs found that mammalian viruses comprising the largest category, followed by 

bacteriophages.  

Ø We identified mammalian-associated viruses across 15 families in rodents.

Virome identification

Diversity of viral community
Ø Viral community shows no significant differences in alpha diversity across host species and habitats.

Ø Beta diversity analysis revealed a significant difference in viral composition between rodent species.

Evolutionary of viruses
Ø Loei River virus, Rat coronavirus Parker, Rat Hepatitis E virus share evolutionary roots with Wenzhou virus, 

Human coronavirus HKU1, Rocahepevirus ratti respectively, highlighting the presence of viral lineages 

capable of cross-species transmission.

Ø Phylogenetic analysis of Rat parvovirus 1a using different protein found that they are in different clade, 

which may suggest recombination events.



Finished tasks
Ongoing tasks
Further tasks

• Viral species identification
• Comparison of viromes 

profiles in rodents of 2 
provinces

• Phylogenetic tree analysis

• qPCR of interesting bacterial 
pathogens

• Prevalence of interesting 
pathogen

• Prevalence of interesting virus

10 credits

Finished

Further works

25Thesis plan
Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4

1. Coursework
2. Literature review and planning
3. Qualify examination
4. Proposal examination

5. Sample collection
6. Nucleic acid extraction

7. 16S rRNA sequencing
8. Bacterial identification
9. Diversity of bacterial pathogens
10. qPCR of interesting pathogens
11. Prevalence of interesting pathogen

12. Pan PCR amplification
13. Hybrid-capture based viral enrichment
14. Shotgun NGS
15. Virome identification
16. Comparison of virome profile in rodents of 2 provinces
17. Phylogenetic reconstruction
18. Host and virus correlation network analysis
19. Prevalence of interesting viruses using qPCR
20. Determination of spillover risk of candidate viruses
21. Selection of candidate viruses

22. Retrieval of receptor binding domain sequence of candidate 
virus
23. In sillico receptor binding prediction model in each animal 
and human
24. Selection of potential cross-species transmitted virus based 
on the best docking score
25. Thesis preparation and defense

Part 1 Sample collection and preparation for sequencing

Part 2 Diversity of bacterial pathogen in rodents of each habitat

Part 3 Virome profile in rodents of each habitat, and phylogenetic reconstruction

Part 4 Candidate virus with cross-species transmission potential

Activities
Timelines

2023 2024 2025 2026 2027
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