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In the last two decades, bats have attracted attention for their role as reservoirs 

of viruses. Some of the biggest outbreak of emerging infectious diseases, such as SARS-

CoV outbreak in 2003 – 2004, ebola virus outbreak in 2014 – 2015, the recent Nipah 

virus outbreak in 2018, and the current COVID19 pandemic have been suspected to be 

originated from bats [1–4]. Bats are also believed to be the natural host of other highly 

pathogenic viruses, such as Marburg virus [5], MERS-CoV [3], and Hendra virus [6]. 

Many novel viral sequences have been identified in bats, now a total of  5,629 viral 

genome sequences from 24 virus families have been detected in bats and most of them 

(88.8%) are RNA viruses [7]. This high viral diversity in bats can cause serious problems 

for public health.  

In the past, the circulation of the bat-borne virus must have been restricted inside 

the bat habitats. However, human activities allow the viruses to enter the human 

population. Reduction of bat habitats by deforestation for agriculture and animal breeding 

could attract the migration of bats to the human settlement for food supply and can trigger 

the emergence of bat-borne viruses in the human population. In addition, the development 

of global transportation can accelerate the human to human transmission of bat-borne 

viruses and possibly cause an outbreak or pandemic in the future. “Initially, new 

infectious diseases could spread only as fast and far as people could walk, then as fast 

and far as horses could gallop and ships could sail”—Arno Karlen [8].  

In contrast to the high viral diversity in bats, there have been few report of illness 

or deaths of wild bats caused by viruses that have spread to human and domestic 

mammals with high virulence, except Australian bat lyssavirus, the closely related rabies 

virus [9–11]. Experimental infection of some highly pathogenic, such as Marburg virus, 

Nipah virus, and MERS-CoV in bats showed that the viral replication was present at a 
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low level without developing little clinical symptom that were observed in susceptible 

hosts [12–14]. These findings attract many scientists to elucidate how “unique” or 

“special” bats are so that bats can host viruses without developing significant diseases. 

The first hypothesis is that the lack of clinical symptoms after viral infection in bats is 

related to bats as the only mammals capable of sustainable flight.  

During flight, the body temperature in bats can rise above 40oC, that reaches the 

range of core temperatures typical of fever in domestic mammals. This high body 

temperature consequently will increase metabolic rate and production of reactive oxygen 

species (ROS) in bats [9]. Fever is one of the general signs of infection in domestic 

mammals and becomes an integral part of host defense by activating innate and adaptive 

immune response [15]. High body temperature generated by flight might arm bats to 

control viral infection. To minimize the effect of oxidative stress generated by flight, heat 

shock proteins (HSPs), a chaperone that are produced by heat stress, is highly expressed 

in bats [16].  

Another hypothesis is that bats have a more robust innate immune response 

against viruses than other mammals that enable them to prevent a high level of viral 

replication in the early stage of infection [17]. Unique immune system in pteropoid bats 

is in their IFNs system that is constitutively active without the presence of viruses [18]. 

During RNA virus infection, the innate immune response is initiated by viral RNA 

recognition by pattern recognition receptors (PRRs) that rapidly induce interferons (IFNs) 

production. The IFNs response is one of the first and very important line of defense 

against viral infection and is responsible for the activation of adaptive immune system 

for long-last protection against recurrent infection [19]. The author speculates that bat 
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cells express a higher amount of antiviral proteins than other mammals that can limit viral 

replication and cause limited diseases in bats.  

The author hypothesizes that bats can control viral infection by their innate 

immune response, especially IFNs response. This hypothesis is introducing the research 

questions of the present thesis: 

(1) How does the innate immune response protect bats from RNA virus infection? In 

Chapter 1, the author compared the resistance against several RNA viruses (EMCV, JEV, 

and PRV) between several bats and other mammalian cell lines; and compared the 

expression of some immune genes as candidates of anti-viral factor. Our study 

demonstrated that most bat cell lines are resistant against EMCV, JEV, and PRV infection 

with a limited viral replication and a higher expression IFNs in bat cell lines.  

(2) How are the IFNs stimulated in bat cell lines after RNA virus infection? In Chapter 

2, the author performed knockdown of PRRs in bat cell lines to confirm the role of PRRs 

to stimulate IFNs expression in bat cells. 

Overall, the present thesis provides some information about how bat cells can 

control viral replication through IFNs response. The thesis also raises several questions 

that will allow other researchers to develop future plans to improve our understanding of 

bats-viruses interaction to prevent the outbreak of bat-borne viruses.  
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Introduction 

Several RNA viruses, such as encephalomyocarditis virus (EMCV), Japanese 

encephalitis virus (JEV), and pteropine orthoreovirus (PRV) that have previously been 

detected or isolated from bats [20–24], are used as the model of bats - viruses interaction. 

EMCV, a potential omnipresent zoonotic agent, has a broad host range with rodents as its 

natural reservoir [25]. In humans, EMCV has been isolated from serum obtained from 

two febrile patients in Peru with urinary tract infection [26] and clinical symptoms 

consistent with those observed in mice and hamster [27, 28]. As yet, there has been no 

report of EMCV isolation from bats, however the eastern bent-wing bat (Miniopterus 

fuliginosus) is supposed to be one of the natural hosts of EMCV due to the detection of a 

genome fragment of the virus in the bat’s fecal guano [20].  

The Japanese encephalitis virus is a mosquito-transmitted flavivirus with 

humans as the definitive hosts and pigs as the amplification hosts [29]. JEV is the main 

cause of human encephalitis in Asia [30], approximately 20-30% of JE cases are fatal and 

30-50% of survivors have significant neurologic sequelae [31]. JEV has been isolated 

from multiple species of fruit and insectivorous bats in Asia [21, 22]. The author used 

some cell lines derived from those species of bats, such as Leschenault’s rousette 

(Rousettus leschenaultii), flying foxes (Pteropus sp), the eastern bent-wing bats 

(Miniopterus fuliginosus), and horseshoe bats (Rhinolophus sp).  

The pteropine orthoreovirus is a bat-origin zoonotic virus that has been isolated 

from multiple fruit bats in South-east Asia [23, 24, 32], Australia [33], and China [34]. 

Virus spillover from bats to humans might already occurred, based on viral isolation from 

peoples living near the bat roosts in Malaysia [35]; and serological studies in Malaysia 

[36], Vietnam [37], and Singapore [38]. Imported cases of PRV have been reported in 
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Japan [39] and Hong Kong [40] from patients with acute respiratory syndrome who had 

traveled to Bali, Indonesia without any fatal case. Notably, the virulence of PRV may be 

altered by the appearance of reassortant of PRV because of its segmented genome like 

influenza virus [41]. 

Some bats have different innate immune system than other mammals, called 

“always on” interferon system. The constitutive expression of interferon-alpha (IFN-𝛼) 

genes [18] and broad tissue distribution of interferon regulatory factor 7 (IRF7) and type 

III IFN receptors allowed a constitutive expression of IFN-stimulated genes (ISGs) in the 

black flying foxes (Pteropus alecto). The antiviral effector, 2-5A–dependent 

endoribonuclease, RNaseL which was not IFN-inducible in human is highly induced by 

IFNs in P.alecto [42]. The STAT1 (signal transducer and activator of transcription) 

protein was constitutively phosphorylated in primary kidney cell from the Jamaican fruit 

bats (Artibeus jamaicensis) [43]. However, there might be a high species dependency of 

bats in their innate immune system. Similar to human and mice, the constitutive IFN- α 

expression was absent in another mega bat, Egyptian fruit bats (Rousettus aegyptiacus) 

and a microbat, Daubenton’s bats (Myotis daubentonii) [44, 45]. In addition, a limited 

viral-mediated inflammatory response occurred in bats [46, 47], while the same viral 

infection in human is associated with excessive inflammation pathology caused by a 

massive cytokines activation [25, 48]. 

Innate immune response is initiated through recognition of viral pathogens by the 

pattern recognition receptors (PRRs). The main double-stranded RNA (dsRNA) virus-

sensing PRRs are toll-like receptors-3 (TLR3), which are expressed in endosomes and 

retinoic acid-inducible gene-I-like receptors (RLRs), which are expressed in the 

cytoplasm. The members of RLRs are retinoic acid-inducible gene-I (RIG-I), melanoma 
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differentiation associated protein 5 (MDA5), and laboratory of genetics and physiology 

2 (LGP2) [49]. TLRs and RLRs activation by RNA viruses will activate downstream 

adaptor proteins, such as TIR-domain-containing adapter-inducing interferon-β (TRIF) 

and mitochondrial antiviral signaling protein (MAVS). These adaptor proteins will 

activate cellular kinases for phosphorylation of IFN regulatory factor 3 and 7 (IRF3 and 

IRF7) and NFκβ to initiate production of IFNs and pro-inflammatory cytokines. The IFNs 

then bind with IFNs receptors in infected neighboring cells to activate the JAK-STAT 

signaling pathway to induce expression of ISGs for antiviral response (Figure 1-1). 

The outcome of viral infection depends on the ability of virus to counteract the 

host immune system and the ability of host immune system to inhibit viral replication 

[45]. As the first line of defense against RNA viruses, TLR3, RIG-I, and MDA5 signaling 

is critical for IFNs production and susceptibility against EMCV, JEV, and PRV infection 

in human and murine cells [50–55]. However, viruses also developed strategies to 

antagonize IFNs response to promote viral replication. EMCV can antagonize multiple 

stages in IFNs pathway, such as by interacting with MDA5 protein [56], RIG-I protein 

degradation [57], and disruption of TBK1-IKKε-IRF3 complex [58]. JEV is also reported 

to antagonize the production of IFN-b and ISGs by the NS1 protein of JEV [59]. Other 

closely related flavivirus with JEV, West Nile virus (WNV) can antagonize IFNs 

production by targeting RIG-I and MDA5 [60]. Other reovirus, mammalian orthoreovirus 

can antagonize IFNs by disruption of interferon regulatory factor-9 (IRF9) to repress 

interferon-stimulated genes (ISGs) expression, and prevent activation of antiviral effector 

protein, the IFN-induced double-stranded RNA-dependent protein kinase (PKR) [61]. 

As the possible natural hosts of EMCV, JEV, and PRV, bats might control 

replication of EMCV, JEV, and PRV because of their special innate immune response. 
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However, there is limited information available about the innate immune response against 

those viruses in bats. Bats might use IFNs as the antiviral response [62] or using other 

unidentified mechanisms, not via IFN response [63] to control EMCV, JEV, and PRV 

infection. In this study, the author investigated the innate immune response against 

EMCV, JEV, and PRV using several bat and non-bat cell lines as model of bats-viruses 

interaction. 
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Materials and Methods 
 
Cells and viruses 

BHK-21 (Syrian hamster, Mesocricetus auratus, kidney), HEK293T (human, 

kidney), FBKT1 (Ryukyu flying fox, Pteropus dasymallus, kidney), DEMKT1 

(Leschenault’s rousette, Rousettus leschenaultii, kidney), BKT1 (Greater horseshoe bat, 

Rhinolophus ferrumequinum, kidney), and YUBFKT1 (Eastern bent-wing bats, 

Miniopterus fuliginosus, kidney) cell lines were maintained in Dulbecco’s modified eagle 

medium (DMEM; Nissui, Tokyo, Japan) supplemented with 10% fetal bovine serum 

(FBS; HyClone, Logan, USA), 2% L-Glutamine (Sigma, Milwaukee, Wisconsin, USA), 

0.14% Sodium hydrogen carbonate (NaHCO3; Sigma, Milwaukee, USA), and penicillin-

streptomycin (Meiji, Tokyo, Japan) at final concentration of 100 U/mL (penicillin) and 

0.1 µg/mL (streptomycin). The bat kidney cell lines were established as previously 

described [64, 65] and were derived from proximal epithelial tubules cells based on the 

presence or absence of Aquaporin-1 (AQP1) and Mucin-1 (MUC-1), specific markers for 

proximal and distal epithelial cells, respectively (Figure 1-2). Partial DNA sequence of 

AQP1 and MUC-1 from all cell lines can be found in Figure 1-3, and 1-4; and Table 1-1. 

The viruses used in this study, the encephalomyocarditis virus (EMCV, NIID-

NU1), the Japanese encephalitis virus (JEV, JEV/sw/Chiba/88/2002), and the pteropine 

orthoreovirus (PRV, Garut-50) were previously isolated from swine for JEV [66] and 

large flying fox (Pteropus vampyrus) for PRV. Both EMCV and JEV were propagated in 

BHK-21 cells, while the PRV was propagated in Vero 9013 cells (JCRB number; 

JCRB9013). 
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Molecular identification of EMCV 

Viral genomic RNA and DNA were extracted from supernatant of infected cell 

culture using High Pure Viral Nucleic Acid Kit (Roche, Basel, Switzerland) and were 

subjected to first strand cDNA synthesis using ReverTra Ace (Toyobo, Osaka, Japan). 

RNA region corresponding to the whole ORF of EMCV was amplified using a set of 

degenerate EMCV-specific primers (Table 1-3). The primers were designed based on 

ORF of EMCV strains available from GenBank nucleotide database using the Primer3 

plus software (https://primer3plus.com). Oligo dT-anchor primers were used as reverse 

primers to synthesize the first strand during cDNA synthesis, which was used as the 

template for amplification of 3′-UTR. PCR products were extracted using QIAquick gel 

extraction kit (Qiagen, Hilden, Germany) and subjected to direct sequencing. Sequence 

assembly was carried out using the SeqMan program included in the DNASTAR software 

package (Madison, USA). Phylogenetic analysis was performed using the full ORF 

sequence of identified EMCV by the neighbor-joining (NJ) method in the MEGA7 

software package. 

 

Plaque assay for viral titration 

The viruses were serially diluted in DMEM medium containing 2% FBS and 

were inoculated to ~ 900,000 BHK-21 cells in 6-well plates. The viruses were allowed to 

adsorb for 2 hours then suspension of 2.4% agarose in DMEM medium containing 2% 

FBS was overlaid on the monolayers (SeaPlaque, Lonza, Rockland, ME, USA) in DMEM 

with 2% FBS medium was added to the monolayers. After 30 minutes incubation at room 

temperature, the plates were incubated at 37°C and 5% CO2. After 1 day for EMCV, 2 
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days for PRV, and 3 days for JEV, 1 ml of 10% formaldehyde was added per well and 

incubated for 2 hours at room temperature. Then the wells were washed with PBS (pH 

7.2) to remove the gel, and cells were stained with 0.5% crystal violet for 1 min. The 

excess stain was washed off with PBS (pH 7.2), air-dried, and the number of plaques were 

counted. 

 

Virus infection 

The cells were seeded at a concentration of 1 × 105 cells/well in DMEM medium 

containing 10% FBS in a 12-well plate to obtain 80% confluency in 24 hours. The viral 

infection was carried out in a biosafety level 2 laboratory. The cells were infected with 

EMCV and JEV at a multiplicity of infection (MOI) of 1.0, and a MOI of 0.1 for PRV. 

The viruses were allowed to adsorb into the cells for 2 hours in DMEM medium 

containing 2% FBS. The inoculum was removed, the cells were rinsed twice with DMEM 

medium containing 2% FBS to remove the residual inoculum, and then fresh DMEM 

medium containing 2% FBS was added. 

 

Cell growth analysis 

The cells were seeded at a concentration of 5 × 104 cells/well in a 24-well plate 

and were infected with EMCV and JEV at MOI of 1.0 and 0.01; and with PRV at MOI 

of 0.1 and 0.001. Both mock (not infected) and viruses-infected cells were washed with 

PBS (pH 7.2) and were harvested using 0.25% Trypsin-EDTA at 1 – 7 days post infection 

(dpi) (Gibco, Ontario, Canada). Assessment of cell growth (cell viability and total live 

cell numbers) was carried out by trypan blue dye exclusion test. Cell suspensions were 

mixed with an equal volume of 0.4% trypan blue solution (Chroma-Gesellschaft Schmid, 
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Stuttgart, Germany). Unstained or live cells and stained or died cells were counted using 

an automated cell counter (model R1, Olympus, Tokyo, Japan). 

 

Quantitative Real-time PCR   

RNA extraction was performed using ISOGEN II (Nippon Gene, Japan) and RNA 

cleanup were performed using RNeasy Mini kit (QIAGEN, Hilden, Germany). First 

strand cDNA synthesis was carried out using SuperScript IV First-Strand Synthesis 

System (Invitrogen, Carlsbad, USA).  

The expression levels of TLR3, RIG-I, MDA5, TNF-𝛼, IFN-b, IFN-λ1, and 

Glyceraldehyde-3-phosphate (GAPDH, housekeeping gene) in mock (without viral 

infection), EMCV, JEV, and PRV-infected cells were determined by qRT-PCR. The 

primer sequences are listed in Table 1-2 and were designed based on partial sequences of 

TLR3, RIG-I, and MDA5 that previously have been determined (Figure 1-5, 1-6, and 1-

7). Roche LightCycler 96 system was used in conjunction with Thunderbird SYBR qPCR 

Mix (Toyobo, Osaka, Japan) as per the manufacturer’s instructions. For qRT-PCR, after 

the pre-denaturation step (95oC, 60 seconds), three-step cycling for 40 cycles was 

performed at 95oC/60 s, 55oC/30 s, and 72oC/30 s. The melting curve analysis was 

performed at 95oC/10 s, 60oC/60 s, and 97oC/1 s to generate the dissociation curve. 

mRNA expression level is expressed as reciprocal of DCt (the PCR cycle at which the 

product is measurable and normalized to Ct for GAPDH).  

For comparative quantitative analysis of viral genome titers, absolute 

quantification was performed i.e. a known number of PCR-amplified fragments was 10-

fold serially diluted and used to generate standard curves. The exact number of copies of 

EMCV, JEV, and PRV genes was calculated using the standard curve.  
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Knockdown of TNF-𝛼 in HEK293T 

Phosphorothioate antisense RNA oligonucleotide (s-oligo) against human TNF-

𝛼 were synthesized at FASMAC Co., Ltd., Kanagawa, Japan. The sequence of s-oligo 

used in this study were as follows: 5’-GGCGUGGAGCUGAGAGAUA-3’[67]. 

HEK293T were transfected with the antisense RNA oligonucleotides  (120 pmol) using 

polyethylenimine [68]. The knockdown was verified by measuring the expression level 

of TNF-𝛼 by qRT-PCR. The knockdown cells were then infected with EMCV at a MOI 

of 1.0 and PRV at a MOI of 0.1. RNA extraction and first strand cDNA synthesis using 

500 ng of total RNA were performed at 12 hours post infection. The viral genome titers 

of EMCV and PRV in cells knocked down for TNF-𝛼 and cells without gene knockdown 

were determined by qRT-PCR. The cell growth (live cell numbers and cell viability) were 

measured using trypan blue dye exclusion test. 

   

Statistical Analysis 

Data were presented as the mean ± S.D. Differences between means were 

analyzed by Student’s t-test or one-way analysis of variance (ANOVA) and followed by 

Tukey HSD test, with p < 0.01 is considered statistically significant. 
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Results 

Sequence comparison and phylogenetic analysis of EMCV 

Genome sequence of EMCV isolate, identified as EMCV strain NIID-NU1, which 

has 7,263 nucleotides (nt) in length with a partial 5′-UTR of 254 nt, a 3′-UTR of 130 nt, 

and an ORF of 6,879 nt was determined (GenBank accession number LC508268, NIID-

NU1 strain). The deduced amino acid sequence of the encoding region revealed that the 

ORF encodes for a polyprotein of 2,292 amino acids with no insertions or deletions, 

coding for 12 proteins (Protein L, VP4, VP3, VP2, VP1, 2A, 2B, 2C, 3A, 3B 3C, and 

3D). Pairwise comparison of the nucleotide sequences was performed to examine the 

degree of sequence identity between the sequence of NIID-NU1 strain and sequences of 

18 EMCV reference strains obtained from GenBank nucleotide database (Table 1-3). 

Phylogenetic analysis of the ORF sequence showed that all EMCV strains could be 

divided into two main groups (groups 1A and 1B) (Figure 1-8). The isolated EMCV 

NIID-NU1 strain shared the highest sequence similarity (99.49-99.77%) with EMCV 

strains of the group 1A. However, it shared a lower identity with EMCV strains of group 

1B (82.35-82.54%) (Table 1-4). EMCV NIID-NU1 strain was clustered into group 1A 

and most closely related to EMCV GS01 and PV21 strains, which were isolated from 

pigs. Most of the EMCV strains from group 1A were isolated from pigs, except EMCV 

C15 and Ruckert (EMC-R) strains that were isolated from dogs and chimpanzees, 

respectively. 

 

Viral replication in bat and non-bat cell lines 

Most of bat cell lines showed a different viral replication levels than non-bat cell 

lines. Three bat cell lines (BKT1, DEMKT1, and YUBFKT1) showed a significantly 
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lower viral replication of EMCV, JEV, and PRV than non-bat cell lines (HEK293T and 

BHK-21). One bat cell line (FBKT1) showed a higher viral replication than other bat cell 

lines but the viral replication of EMCV and PRV was lower than non-bat cell lines.  

The total destruction cytopathic effect (CPE) after EMCV infection with MOI of 

1.0 and 0.01 was observed in non-bat cell lines (BHK-21 and HEK293T) at 1 dpi. The 

total destruction CPE was also observed in FBKT1 at 1 dpi with MOI of 1.0 and at 2 dpi 

with MOI of 0.01, whereas the other bat cell lines (DEMKT1, BKT1, and YUBFKT1) 

showed a more delayed CPE. In BKT1, the total destruction CPE appeared at 4 and 5 dpi 

for MOI of 1.0 and 0.01, respectively. Remarkably, in YUBFKT1 and DEMKT1, the 

CPE was delayed to 7 dpi for MOI of 1.0 and 0.01 without total destruction CPE was 

observed (Figure 1-10). The cell growth of non-bat cell lines and FBKT1 rapidly 

decreased within 1 – 2 dpi (Figure 1-11a–c) while the cell growth in two bat cell lines 

(DEMKT1 and YUBFKT1) declined slowly with a higher total live cell numbers than 

other cell lines until 7 dpi (Figure 1-11e –f).  

In JEV-infected non-bat cell lines and FBKT1, CPE appeared earlier than in other 

bat cell lines. The total destruction CPE was observed at 3 dpi in FBKT1 and HEK293T, 

and at 4 dpi in BHK-21 for MOI of 1.0, and at 4 dpi in FBKT1 and BHK-21, and 5 dpi 

in HEK293T for MOI of 0.01. Other bat cell lines (DEMKT1, BKT1, and YUBFKT1) 

showed a more delayed CPE at 7 dpi for MOI of 1.0 and 0.01, but total destruction CPE 

was not observed (Figure 1-12). The cell growth of non-bat cell lines and FBKT1 was 

rapidly decrease within 2 – 4 dpi (Figure 1-13a–c) while the cell growth in three bat cell 

lines (BKT1, DEMKT1 and YUBFKT1) declined slowly with a higher total live cell 

numbers than other cell lines until 7 dpi (Figure 1-13d –f).  
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The syncytial CPE after PRV infection with MOI of 0.1 and 0.001 was observed 

in non-bat cell lines (BHK-21 and HEK293T) at 1 dpi. The syncytial CPE was also 

observed in FBKT1 at 2 dpi with MOI of 0.1 and at 3 dpi with MOI of 0.001. No syncytial 

formation was observed in other bat cells (BKT1, DEMKT1, YUBFKT1) after PRV 

infection. After PRV infection with MOI of 0.1, the subtotal destruction CPE was 

observed at 4 dpi in BKT1 and at 5 dpi in DEMKT1 and YUBFKT1. The subtotal 

destruction CPE appearance was delayed to 7 dpi after PRV infection with MOI of 0.01 

in BKT1, DEMKT1, and YUBFKT1 (Figure 1-14). The cell growth was rapidly 

decreased at 1-2 dpi in non-bat cell lines (HEK293T and BHK-21) and FBKT1 (Figure 

1-15a–c). However, the significant decrease of cell growth in other bat cell lines (BKT1, 

DEMKT1, and YUBFKT1) was observed at 4 – 5 dpi (Figure 1-15d–f). 

 

The basal expression level of Pattern Recognition Receptors and IFN-b 

The basal expression level of PRRs (TLR3, RIG-I, and MDA5) and IFNs (b and 

λ1) in bat cell lines was measured. Almost all bat cell lines had a higher basal expression 

level of TLR3, RIG-I, and MDA5 than other mammalian cell lines (Figure 1-16a). Among 

the bat cell lines, BKT1 and YUBFKT1 had the highest basal expression level of TLR3 

and RIG-I. In contrast, FBKT1 had the lowest basal expression level of TLR3 and RIG-I 

among bat cell lines and had an expression level of RIG-I comparable to other mammalian 

cell lines. The basal expression of MDA5 was comparable among all bat cell lines. The 

pattern of basal expression level of IFNs was different than that of PRRs. Only one bat 

cell line (YUBFKT1) had a significantly higher basal expression level of IFN-b (Figure 

1-16b) and IFN-λ1	(Figure 1-16c)	than human cell line, while other bat cell lines did not 

show any difference in the expression level of IFN-b and IFN- λ1 (Fig. 1-156–c). The 
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basal expression level of IFN-b and IFN-λ1	in BHK-21 could not be measured because 

BHK-21 cell line is known to be deficient in IFN-a and -b production [69] and IFN-λ1	is 

a pseudogene in rodents [70]. The basal expression level of IFN-λ1	also could not be 

measured in two bat cell lines (BKT1 and DEMKT1).	  

 

PRRs and IFNs expression level with viral-infected cell lines 

After EMCV infection, it was observed that all bat cell lines with low replication 

level of EMCV (BKT1, DEMKT1, and YUBFKT1) showed an up-regulation of TLR3, 

RIG-I, and MDA5 (Figure 1-17). RIG-I and MDA5 were highly up-regulated, especially 

in BKT1 and DEMKT1 (Figure 1-17b–c), whereas TLR3 was also up-regulated in those 

cell lines with a fold change lower than that of RIG-I and MDA5 (Figure 1-17a). In the 

cell lines with high EMCV replication level (BHK-21, HEK293T, and FBKT1), down-

regulation of all PRRs in BHK-21 (Figure 1-17a–c) and RIG-I in FBKT1 (Figure 1-17b) 

was observed. Conversely, RIG-I and MDA5 were up-regulated in HEK293T but their 

expression level was still lower than that in the bat cell lines. 

Expression profile of IFNs was different from that of PRRs. IFN-b was highly up-

regulated in BKT1 and DEMKT1, and also in HEK293T but with a lower fold change. 

Surprisingly, IFN-b and IFN-λ1	 was not up-regulated in YUBFKT1 that showed 

resistance against EMCV infection (Figure 1-18a–b). 

Similar to EMCV infection, JEV infection also resulted in a higher expression 

level of PRRs in bat cell lines with a lower JEV replication level (DEMKT1, BKT1, and 

YUBFKT1) (Figure 1-17a–c). However, JEV infection showed a different pattern of 

expression profile than EMCV infection wherein only RIG-I and MDA5 were up-

regulated in DEMKT1 and YUBFKT1 (Figure 1-17b–c). The MDA5 was up-regulated 
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in other cell lines too (Figure 1-17c) but TLR3 and RIG-I were down-regulated in FBKT1 

cells (Figure 1-17a–b). Moreover, no change in expression level of TLR3 and RIG-I was 

observed in BKT1 and HEK293T (Figure 1-17a–b). All PRRs were up-regulated in BHK-

21 but their expression level was lower than that in bat cell lines that showed resistance 

against JEV infection.   

The cell lines with a lower JEV replication level showed a different IFNs 

expression profile than other cells. The BKT1, DEMKT1, and YUBFKT1 showed a 

higher expression level of IFN-b, while the cell lines with high JEV replication level 

(FBKT1 and BHK-21) showed no change in IFN-b expression (Figure 1-18a). IFN-λ1was 

highly up-regulated in YUBFKT1, and also in FBKT1 but with a lower fold change 

(Figure 1-18b).   

After PRV infection, it was observed that all bat cell lines with a low replication 

level of PRV (BKT1, DEMKT1, and YUBFKT1) showed an up-regulation of RIG-I, and 

MDA5. RIG-I and MDA5 were highly up-regulated, especially in BKT1 and YUBFKT1 

(Figure 1-17b–c), whereas TLR3 was only up-regulated in YUBFKT1 (Figure 1-17a). In 

the cell lines with high PRV replication level (BHK-21, HEK293T, and FBKT1), down-

regulation of RIG-I and MDA5 was observed in BHK-21 (Figure 1-17b–c) Conversely, 

lower up-regulation of TLR3 in HEK293T (Figure 1-17a) and MDA5 in HEK293T and 

FBKT1 (Figure 1-17c) was observed but their expression level was still lower than that 

in the bat cell lines. 

 IFN-b was highly up-regulated in BKT1 and YUBFKT1, and also in HEK293T 

but with a lower fold change. Surprisingly, IFN-b was not up-regulated in DEMKT1 that 

showed lower PRV replication (Figure 1-18a). IFN-λ1	was up-regulated in YUBFKT1 
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that had lower PRV replication. In contrast, other cell lines with higher PRV replication 

(FBKT1 and HEK293T) also showed up-regulation of IFN-λ1	(Figure 1-18b). 

 

TNF-α expression level with viral-infected cell lines and knockdown of TNF-α in 

HEK293T cell lines. 

Infection of all viruses, especially EMCV and PRV caused a high up-regulation 

of TNF-α,	a pro-inflammatory cytokine in HEK293T. In contrast, all viral infection did 

not cause up-regulation of TNF-α in bat cell lines, except limited increase of TNF-α in 

BKT1 and DEMKT1 after EMCV infection and FBKT1 after PRV infection (Figure 1-

19).  

 Knockdown of TNF-α was performed in HEK293T using antisense RNA 

oligonucleotide to determine the role of TNF-α in supporting viral replication. The 

knockdown was confirmed by qRT-PCR in which the expression level of TNF-α was 

significantly reduced in HEK293T (Figure 1-20a). The knockdown of TNF-α reduced the 

viral genome titer of EMCV and PRV but the viral genome titer was not significantly 

different (Figure 1-20b).  The infection of EMCV and PRV to the cells knocked down for 

TNF-α caused a similar CPE without significant difference of live cell numbers than cells 

without knockdown of TNF-α at 12 hours post infection (Figure 1-21a–b).  

 

Discussion 
 

EMCV infection in several primary cells and cell lines derived from human and 

hamster clearly demonstrates their susceptibility to EMCV [25, 71, 72]. In this study, 

EMCV infection in non-bat mammalian cell lines (BHK-21 and HEK293T) resulted in a 

massive cell death at 1-day post infection. EMCV is a lytic virus that causes necrotic cell 
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death within 7 to 10 hours post infection in BHK-21 cells [25]. In this study, the bat cell 

lines derived from Leschenault’s rousette (DEMKT1), the greater horseshoe bats 

(BKT1), and the eastern-bent wing bats (YUBFKT1) showed resistance against EMCV 

infection while massive cell death was observed in bat cell line derived from Ryukyu 

flying foxes (FBKT1). To our knowledge, this is the first report on resistance against 

EMCV in bat cell line since the lung cell line derived from Mexican free-tailed bats, 

Tadarida brasiliensis (Tb1.Lu) did not show resistance against EMCV infection [73]. 

JEV can propagate in many different human and hamster cell lines and shows a 

complete CPE within 4-5 dpi [74]. The appearance of CPE in JEV-infected cell lines is 

more delayed compared to that in EMCV-infected cell lines because JEV appears to 

trigger apoptosis at a rather late stage of infection in order to achieve efficient propagation 

[75, 76]. The resistance against JEV infection has been reported in Tb1.Lu cell line and 

primary kidney cells derived from Leschenault’s rousette (Rousettus leschenaultii), 

which did not develop CPE until 7 dpi [77]. Similar to EMCV infection, the resistance 

against JEV infection was most notable in DEMKT1, BKT1, and YUBFKT1, while 

FBKT1 showed susceptibility in this study. Leschenault’s rousette (Rousettus 

leschenaultii), the eastern-bent wing bats (Miniopterus fuliginosus), and the greater 

horseshoe bats (Rhinolophus ferrumequinum) might be the natural hosts of JEV because 

JEV isolation and anti-JEV antibodies detection have been reported from those bats [21, 

78]. JEV infection in bat cell line derived from Ryukyu flying foxes (FBKT1) had a 

different result than experimental infection to other flying fox, the black flying fox 

(Pteropus alecto). Experimental JEV infection to P.alecto only led to a low-level viremia 

without any significant clinical symptoms [79]. The susceptibility of FBKT1 against JEV 
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indicates the Ryukyu flying foxes might have a different antiviral response than other 

flying foxes. 

PRV is capable to infect and replicate in several mammalian cell lines derived 

from human, rodents, and non-human primates; and induce syncytia formation within 1 

day post infection [23, 24, 34, 80]. The absence of syncytia formation as characteristic of 

fusogenic orthoreovirus in three bat cell lines (BKT1, DEMKT1, and YUBFKT1) 

suggests that those bat cell lines are resistant against PRV. This is the first report on 

resistance against PRV in bat cell lines since kidney cell line derived from the black flying 

foxes (Pteropus alecto) was susceptible to PRV [54].  

In this study, DEMKT1, YUBFKT1, and BKT1 showed a limited CPE, a lower 

replication level of EMCV, JEV, and PRV with a higher basal expression level of PRRs 

than other cell lines. PRRs, the first line of defense against invading pathogens, induce 

IFNs expression to enter the antiviral state. The high basal expression level of PRRs 

(TLR3, RIG-I, and MDA5) has been observed in several bats species, including 

Leschenault’s rousette (Rousettus leschenaultii) [81], the intermediate horseshoe bats 

(Rhinolophus affinis) [82], and the common vampire bats (Desmodus rotundus) [83]. In 

embryonic cells and splenocytes from R.sinicus, IFN-b expression was induced to a 

significantly higher level than that in mouse cells after poly(I:C) transfection and 

vesicular stomatitis virus (VSV) infection [82]. Similar expression patterns of TLR3, 

RIG-I, and MDA5 after infection with EMCV, JEV, and PRV have been recognized in 

three bat kidney cell lines used in this study (BKT1, DEMKT1, and YUBFKT1); hence, 

the high basal expression level of PRRs in the above three species of bats enables quick 

elimination of EMCV, JEV, and PRV through stimulation of IFNs production. 

Conversely, the FBKT1 showed a low basal expression of PRRs. This is consistent with 
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previous study wherein the expression level of TLR3, RIG-I, and MDA5 in other flying 

fox (P.alecto) kidney was very low compared to that in other tissues [84, 85]; however, 

the kidneys of other bats (R.leschenaultii and R.sinicus) had an expression level of TLR3, 

RIG-I and MDA5 comparable to other tissues [81, 82]. There seems to be high species 

dependency of bats in innate immune system [83]. 

After EMCV and PRV infection, the expression of RIG-I and MDA5 in 

DEMKT1, BKT1, and YUBFKT1 was highly up-regulated, which possibly led to up-

regulation of IFN-b to reach antiviral state, and consequently resulted in a limited EMCV 

replication. Inability of FBKT1 and HEK293T to limit EMCV and PRV replication might 

be due to their inability to increase the expression of PRRs and IFNs as high as those in 

DEMKT1, BKT1, and YUBFKT1. Surprisingly, high induction of IFNs was absent in 

YUBFKT1 after EMCV infection and DEMKT1 after PRV infection. YUBFKT1 had a 

high basal expression level of IFNs before infection. The basal IFNs expression is 

important for predisposing cells to antiviral response, which includes amplification of 

virus-induced IFNs production through triggering of the positive-feedback loop [86]. 

Absence of EMCV-induced IFNs production in YUBFKT1 might be due to an early 

suppression of EMCV replication by IFNs produced initially, which diminished the 

EMCV-induced IFNs production. Nevertheless, there is a probability that eastern-bent 

wing bats use an antiviral pathway other than IFNs for controlling EMCV replication. 

Similar to other flaviviruses, JEV also antagonizes IFNs production to evade 

antiviral immunity and benefit viral replication [59]. The West Nile virus (WNV) inhibits 

type I IFNs production through suppression of RIG-I and MDA5 [60]. The suppression 

of RIG-I and TLR3 observed in FBKT1 should have caused limited increase in IFNs 

production. In contrast, JEV failed to suppress the PRRs in BKT1, DEMKT1, and 
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YUBFKT1. The expression of RIG-I and MDA5 was up-regulated in DEMKT1 and 

YUBFKT1, and should have caused increased expression of IFNs leading to a limited 

replication of JEV in BKT1, DEMKT1, and YUBFKT1. 

In this study, limited excessive inflammation might occurred in bat cell lines 

after EMCV, JEV, and PRV infection because of the limited increased of TNF-α.	The	

limited increased of TNF-α	have been reported in bat cell line derived from the big brown 

bats (Eptesicus fuscus) after MERS-CoV infection [62] and it is caused by the presence 

of functional c-Rel binding site in the promoter region of TNF-α	[47]. c-Rel is a NF-κβ 

family member that act as transcriptional repressor of proinflammatory genes [87]. In 

contrast, strong inflammatory response might occur in HEK293T because of the high up-

regulation of TNF-α,	especially after EMCV and PRV infection.	Previous studies showed 

that EMCV, JEV, and orthoreovirus infection to several cell lines derived from human 

and rodents caused a high increase of TNF-α	 [25, 88, 89]. The role of TNF-α in	 the 

pathogenesis of EMCV and PRV cannot be elucidated because of no significant viral 

genome titers and cell growth between cells knocked down for TNF-α and cells without 

gene knockdown. Inhibition of NFkb, the regulator of pro-inflammatory cytokines also 

did not have any significant effect on EMCV replication even though increased the 

survival rate in mice [90]. 

In conclusion, most of the bat cell lines had a different innate immune response 

than non-bat cell lines against EMCV, JEV, and PRV infection. Most of the bat cell lines 

had a higher expression of pattern recognition   higher IFNs response in most bat cell 

lines might be responsible for antiviral response against EMCV, JEV, and PRV in most 

bat cell lines. In addition, the limited viral-mediated inflammation might occur in all bat 

cell lines because of a limited increased of pro-inflammatory cytokine (TNF-𝛼). This 
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special innate immune response might explain the asymptomatic viral infection of 

EMCV, JEV, and PRV in bats.  
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Figures and Tables 
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Continued… 
 

Innate immune response against RNA virus infection. The illustration is the signaling 

cascade of innate immune response compiled from domestic mammals. Question marks 

(?) showed pathways that have not been characterized or identified in bats. TRIF: TIR-

domain-containing adapter-inducing interferon-b,	TRAF: Tumor necrosis factor receptor-

associated factor, TBK1: TANK-binding kinase 1, IKK-𝜀: Inhibitor of nuclear kappa beta 

kinase subunit epsilon, CTD: C-terminal domain, CARD: Caspase activation and 

recruitment domain, MAVS: Mitochondrial antiviral signaling protein, Tyk2: Tyrosine 

kinase 2, JAK1: Janus kinase 1, STAT: Signal transducer and activator of transcription, 

ISRE: Interferon-stimulated response element. 
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Figure 1-2 

 

 

 

 

Electrophoresis results of cell genotyping in bat and non-bat cell lines. PCR was 

performed for proximal tubule epithelial cell marker (AQP1) and distal tubule epithelial 

cell marker (MUC-1) in bat and non-bat kidney cell lines using specific primers listed in 

Table 1-1.  (a) Electrophoresis result of AQP1 and MUC-1 in BKT1, DEMKT1, FBKT1, 

YUBFKT1, and BHK-21 cells, Positive PCR-fragment for AQP1 after Sanger 

sequencing is indicated by arrow. The result of Sanger sequencing can be found in Figure 

1-2. (b) Electrophoresis result of AQP1 and MUC-1 in HEK293T. Positive PCR-fragment 

for MUC-1 after Sanger sequencing is indicated by arrow. The result of Sanger 

sequencing can be found in Figure 1-3.  
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Figure 1-3 
 
 

 

Continue… 
 
 
 
 
 

R.aegyptiacus C C A T C T C C G A G A G G A G G C C - G T G T G G T G T G G G G C G G G C C A G G A G C A A G G A G A G G C C T T C C T C C C T T T G T G C T C C C C C T C C T C T C C T C C C C C A G G G G C C C  [ 99]

DEMKT1 N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N  [ 99]

P.alecto - C A T C T C C G A G A G G A G G C C C G T G T G G T G T G G G G C G G G C C A G G A G C A A G G A G A G G C C T T C C T C C C T T T G T G C T C C C C C T C C T C T C C T C C C C C A G G G G C C C  [ 99]

FBKT1 N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N  [ 99]

M.natalensis - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  [ 99]

YUBFKT1 N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N  [ 99]

M.auratus - - - - - - - - - - - - - - - - - - - C G T G T G G T G T A G G G C G G G C C A G G A G C A A G G A G A G G C C T T C C T C C C T T T G T G C T C C C C C C A C C C - - - - - - - - - - - - A G C C C  [ 99]

BHK-21 - - - - - - - - - - - - - - - - - - - N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N - - - - - - - - - - - - N N N N N  [ 99]

R.ferrumequinum - T C G G A G A G G A G G C C G T G T G G A G T G G G G C G G G C C A G G A G C A A G G A G A G G C C T T C C T C C C T T T G T A C T C C C C C T C C T C T C C T C C C C C C A G G G G C C C T A T A  [ 99]

BKT1 N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N  [ 99]

R.aegyptiacus T A T A A A T A G G C G C A G G C C G G G C T G T G G C T C A G C T C T C A G A G G G A G T C A G G C A C C A G G C A G C G G A C T C A A G C C A A G C C C C C T G C C A G C A T G G C C A G C G A G  [198]

DEMKT1 N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N  [198]

P.alecto T A T A A A T A G G C C C A G C C C A G G C T G T G G C T C A G C T C T C A G A G G G A G T C A A G C A C C A G G C G G C G G A C T C A A G C C A A G C C C C C T G C C A A C A T G G C C A G C G A G  [198]

FBKT1 N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N G A G  [198]

M.natalensis - - - - - - - - - - - - - - - - - - - - - - - - T G G C T C A G C T C T C A G A G G G A G T C G A G C A C C A G G C A G C G G T C T C C A G C C A A G C C C C C T G C C A G C A T G G C C A G T G A G  [198]

YUBFKT1 N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N G A G  [198]

M.auratus T A T A A A T A G G C C C G G C C C A G G C T G T G G C T C A G C C T G G A G G G A A T T G A G C A C C A G A C A T C C A G C A G T T A G G T C G A G C C C C C T G C C A G C A T G G C C A G C G A A  [198]

BHK-21 N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N  [198]

R.ferrumequinum A A T A G G C C C A G C C C G G G C T G T G G C C C A G C G C T C G C T C G G A G G G A G T C C A G C A C C A G G C A G C G G T C T C C A G C C A A G C C C C C T G C C A G C A T G G C C A G C G A G  [198]

BKT1 N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N  [198]

R.aegyptiacus T T C A A G A A G A A G C T C T T C T G G A G G G C A G T G G C G G C C G A G T T C C T G G C C A T G A C C C T G T T C G T C T T C A T C A G C A T T G G T T C C G C C C T G G G C T T C A A C T A C  [297]

DEMKT1 N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N T C C G C C C T G G G C T T C A A C T A C  [297]

P.alecto T T C A A G A A G A A G C T C T T C T G G A G G G C G G T G G T G G C C G A G T T C C T G G C C A T G A C C C T C T T C G T C T T C A T C A G C A T T G G T T C T G C C T T G G G C T T C A A C T A C  [297]

FBKT1 T T C A A G A A G A A G C T C T T T T G G A G G G C G G T G G T G G C C G A G T T C C T G G C C A T G A C C C T C T T C G T C T T C A T C A G C A T T G G T T C T G C C T T G G G C T T C A A C T A C  [297]

M.natalensis T T C A A G A A G A A G C T C T T C T G G A G G G C G G T G G T G G C C G A G T T C C T G G C C A T G A T C C T C T T C A T T G T C A T C A G C A T C G G C T C T G C C C T G G G C T T C A A T T T C  [297]

YUBFKT1 T T C A A G A A G A A G C T C T T C T G G A G G G C G G T G G T G G C C G A G T T C C T G G C C A T G A T C C T C T T C A T T G T C A T C A G C A T C G G C T C T G C C C T G G G C T T C A A T T T C  [297]

M.auratus T T C A A G A A G A A G C T C T T C T G G A G G G C T G T C G T G G C C G A G T T C C T G G C C A T G A C T C T C T T C G T C T T C A T C A G C A T T G G C T C T G C C C T G G G C T T C A A C T A C  [297]

BHK-21 N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N T C A G C A T T G G C T C T G C C C T G G G C T T C A A C T A C  [297]

R.ferrumequinum T T C A A G A A G A A G C T C T T T T G G A G G G C G G T G G T G G C T G A G T T C C T G G C C A T G A C C C T C T T C G T C T T C A T C A G C A T C G G G T C T G C C C T G G G C T T C A A C T A C  [297]

BKT1 N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N C  [297]

R.aegyptiacus C C C C T G A A G A A C A A C C A G A C G T C G G G T G C G A T G C A A G A C A A C G T G A A G G T G T C C C T G G C G T T C G G G C T G A G C A T T G C C A C G C T G G C C C A G A G C G T G G G C  [396]

DEMKT1 C C C C T G A A G A A C A A C C A G A C G T C G G G T G C G A T G C A A G A C A A C G T G A A G G T G T C C C T G G C G T T C G G G C T G A G C A T T G C C A C G C T G G C C C A G A G C G T G G G C  [396]

P.alecto C C C T T G A A G A A C A A C C A G A C G T C G G G T G C G A C T C A G G A C A A C G T G A A G G T G T C A C T G G C T T T C G G G C T G A G C A T C G C C A C G C T G G C C C A G A G C G T G G G C  [396]

FBKT1 C C C T T G A A G A A C A A C C A G A C G T C G G G T G C G A C T C A G G A C A A C G T G A A G G T G T C A C T G G C T T T C G G G C T G A G C A T C G C C A C G C T G G C C C A G A G C G T G G G C  [396]

M.natalensis C C C G T G A A G A A C A A C C A A A C G T C A G G T G C A A C T C A G G A C A A T G T G A A G G T G T C G C T G G C C T T T G G T C T G A G C A T C G C C A C G A T G G C C C A G A G C G T G G G C  [396]

YUBFKT1 C C C G T G A A G A A C A A C C A A A C G T C A G G T G C A G C T C A G G A C A A T G T G A A G G T G T C G C T G G C C T T T G G T C T G A G C A T C G C C A C G A T G G C C C A G A G C G T G G G C  [396]

M.auratus C C A C T G G G G G G G A A C C A G A C A C T G G - - - - - - T C C A G G A C A A C G T G A A G G T G T C G C T G G C C T T T G G T C T G A G C A T T G C C A C T C T G G C C C A A A G T G T G G G T  [396]

BHK-21 C C A C T G G G G G G G A A C C A G A C A C T G G - - - - - - T C C A G G A C A A C G T G A A G G T G T C G C T G G C C T T T G G T C T G A G C A T T G C C A C T C T G G C C C A A A G T G T G G G T  [396]

R.ferrumequinum C C G C T G A A G A A C A A C C A G A C C T C A G G T G C G T C G C A G G A C A A T G T G A A G G T G T C C C T G G C C T T C G G G C T G A G C A T C G C C A C G C T G G C G C A G A G C G T G G G C  [396]

BKT1 C C G C T G A A G A A C A A C C A G A C C T C A G G T G C G T C G C A G G A C A A T G T G A A G G T G T C C C T G G C C T T C G G G C T G A G C A T C G C C A C G C T G G C G C A G A G C G T G G G C  [396]

R.aegyptiacus C A C A T C A G C G G C G C C C A C C T C A A C C C G G C C G T C A C G C T G G G G C T G C T G C T C A G C T G T C A G A T C A G C A T C C T C C G G G C C A T C A C G T A C A T G G T G G C C C A G  [495]

DEMKT1 C A C A T T A G C G G C G C C C A C C T C A A C C C G G C C G T C A C G C T G G G G C T G C T G C T C A G C T G T C A G A T C A G C A T C C T C C G G G C C A T C A C G T A C A T G G T G G C C C A G  [495]

P.alecto C A C A T C A G C G G T G C C C A C C T C A A C C C G G C C G T C A C G C T G G G G C T G C T G C T C A G C T G C C A G A T C A G C A T C C T C C G G G C C G T C A T G T A C A T C A T C G C C C A G  [495]

FBKT1 C A C A T C A G C G G T G C C C A C C T C A A C C C G G C C G T C A C G C T G G G G C T G C T G C T C A G C T G C C A G A T C A G C A T C C T C C G G G C C G T C A T G T A C A T C A T C G C C C A G  [495]

M.natalensis C A C A T C A G C G G C G C C C A C C T C A A C C C G G C C G T C A C C C T G G G G C T G C T G C T C A G C T G C C A G A T C A G C G T C C T T C G G G C T G T C C T G T A C A T C A T C G C C C A G  [495]

YUBFKT1 C A C A T C A G C G G C G C C C A C C T C A A C C C G G C C G T C A C C C T G G G G C T G C T G C T C A G C T G C C A G A T C A G C G T C C T T C G G G C T G T C C T G T A C A T C A T C G C C C A G  [495]

M.auratus C A C A T C A G C G G T G C C C A C C T C A A C C C A G C T G T C A C A C T G G G G C T A C T G C T C A G C T G T C A G A T C A G C A T C C T C A G G G C T G T C A T G T A C A T C A T C G C C C A G  [495]

BHK-21 C A C A T C A G C G G T G C C C A C C T C A A C C C A G C T G T C A C A C T G G G G C T A C T G C T C A G C T G T C A G A T C A G C A T C C T C A G G G C T G T C A T G T A C A T C A T C G C C C A G  [495]

R.ferrumequinum C A C A T C A G T G G C G C C C A C C T C A A C C C G G C C G T C A C C C T G G G G C T G C T G C T G A G C T G C C A G A T C A G C A T C C T C C G G G C T C T G C T G T A C A T C G T C G C C C A G  [495]

BKT1 C A C A T C A G T G G C G C C C A C C T C A A C C C G G C C G T C A C C C T G G G G C T G C T G C T G A G C T G C C A G A T C A G C A T C C T C C G G G C T C T G C T G T A C A T C G T C G C C C A G  [495]

R.aegyptiacus T G C G T G G G G G C C A T C G T C G C C A C C G C C A T C C T C T C G G G C A T C A C C T C C T C C C T G A G C G A C A A C T C G C T C G G C C G C A A C G C G C T G G C C T C C G G C G T G A A C  [594]

DEMKT1 T G C G T G G G G G C C A T C G T C G C C A C C G C C A T C C T C T C G G G C A T C A C C T C C T C C C T G A G C G A C A A C T C G C T C G G C C G C A A C G C G C T G G C C T C C N N N N N N N N N  [594]

P.alecto T G C G T G G G G G C C A T C G T C G C C A C C G C C A T C C T C T C A G G C A T C A C C T C C T C C C T G A G C A A C A A C T C T C T C G G C C G C A A T G A G C T G G C C C C T G G C G T G A A C  [594]

FBKT1 T G C G T G G G G G C C A T C G T C G C C A C C G C C A T C C T C T C A G G C A T C A C C T C C T C C C T G A G C A A C A A C T C T C T C G G C C G C A A T G A G C T G G C C C C T G G C G T G A A C  [594]

M.natalensis T G T G T G G G G G C C A T C G T C G C C A C C G C C A T C C T C T C G G G C A T C A C C T C T T C C C T G C C C A A C A A C T C A C T G G G C A G C A A T G G G C T G G C C T C T G G C G T G A A T  [594]

YUBFKT1 T G T G T G G G G G C C A T C G T C G C C A C C G C C A T C C T C T C G G G C A T C A C C T C T T C C C T G C C C A A C A A C T C A C T G G G C A G C A A T G G G C T G G C C T C T G G C G T G A A T  [594]

M.auratus T G T G T G G G G G C C A T C G T C G C C A C T G C C A T C C T C T C G G G C A T C A C C T C C T C C C T A C C T G A G A A C T C A C T T G G C C G C A A T G A C C T G G C T C C A G G T G T G A A C  [594]

BHK-21 T G T G T G G G G G C C A T C G T C G C C A C T G C C A T C C T C T C G G G C A T C A C C T C C T C C C T A C C T G A G A A C T C A C T T G G C C G C A A T G A C C T G G C T C C A G G T G T G A A C  [594]

R.ferrumequinum T G C G T G G G G G C C A T C G T C G C C A C C G C C A T C C T C T C G G G C A T C A C C T C C T C C C T G A G T A A C A A C T C G C T T G G C C G C A A T G A G C T G G C C C C C G G C G T G A A C  [594]

BKT1 T G C G T G G G G G C C A T C G T C G C C A C C G C C A T C C T C T C G G G C A T C A C C T C C T C C C T G A G T A A C A A C T C G C T T G G C C G C A A T G A G C T G G C C C C C G G C G T G A A C  [594]

R.aegyptiacus T C A G G C C A G G G C C T G G G C A T C G A G A T C A T C G G C A C C C T G C A G C T G G T G C T G T G C G T G C T G G C C A C C A C C G A T C G G A G G C G C C G C G A C C T C G G G G G C T C G  [693]

DEMKT1 N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N  [693]

P.alecto T C A G G C C A G G G C C T G G G C A T C G A G A T C A T C G G C A C C C T G C A G C T G G T G C T G T G C G T G C T G G C C A C C A C T G A T C G G A G G C G C C G T G A C C T C G G G G G C T C A  [693]

FBKT1 T C A G G C C A G G G C C T G G G C A T C G A G A T A A T C G C C A C C C N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N  [693]

M.natalensis G C A G G C C A G G G C C T G G G C A T T G A G A T C A T C G C C A C C C T G C A G C T G G T G C T G T G C G T G C T G G C C A C C A C C G A C C G G A G G C G T C G C G A C C T C G G G G G C T C G  [693]

YUBFKT1 G C A G G C C A G G G C C T G G G C A T T G A G A T C A T C G C C A C C C T N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N  [693]

M.auratus T C C G G C C A G G G T C T G G G C A T T G A G A T C A T C G G C A C C C T G C A G C T G G T G C T G T G C G T G C T G G C C A C C A C C G A C C G G A G G C G C C G T G A C T T A G G T G G C T C G  [693]

BHK-21 T C C G G C C A G G G T C T G G G C A T T G A G A T C A T C G C C A C C C T N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N  [693]

R.ferrumequinum T C C G G C C A G G G C C T G G G C A T C G A G A T A A T T G G C A C C C T G C A G C T G G T G C T G T G C G T G C T G G C C A C C A C C G A C C G G A G G C G C C G T G A C C T T G G G G G C T C A  [693]

BKT1 T C C G G C C A G G G C C T G G G C A T C G A G A T A A T T G G C A C C C T G C A N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N  [693]
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Continued… 
 

 
 
 

Partial sequences of aquaporin-1 (AQP1) isolated from kidney cells. AQP1 partial 

sequences from same genus are written in the same color and the conserved nucleotides 

among related species are highlighted. AQP1 partial sequences that have not been 

determined are denoted as N.  

  

R.aegyptiacus C C A T C T C C G A G A G G A G G C C - G T G T G G T G T G G G G C G G G C C A G G A G C A A G G A G A G G C C T T C C T C C C T T T G T G C T C C C C C T C C T C T C C T C C C C C A G G G G C C C  [ 99]

DEMKT1 N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N  [ 99]

P.alecto - C A T C T C C G A G A G G A G G C C C G T G T G G T G T G G G G C G G G C C A G G A G C A A G G A G A G G C C T T C C T C C C T T T G T G C T C C C C C T C C T C T C C T C C C C C A G G G G C C C  [ 99]

FBKT1 N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N  [ 99]

M.natalensis - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  [ 99]

YUBFKT1 N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N  [ 99]

M.auratus - - - - - - - - - - - - - - - - - - - C G T G T G G T G T A G G G C G G G C C A G G A G C A A G G A G A G G C C T T C C T C C C T T T G T G C T C C C C C C A C C C - - - - - - - - - - - - A G C C C  [ 99]

BHK-21 - - - - - - - - - - - - - - - - - - - N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N - - - - - - - - - - - - N N N N N  [ 99]

R.ferrumequinum - T C G G A G A G G A G G C C G T G T G G A G T G G G G C G G G C C A G G A G C A A G G A G A G G C C T T C C T C C C T T T G T A C T C C C C C T C C T C T C C T C C C C C C A G G G G C C C T A T A  [ 99]

BKT1 N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N  [ 99]

R.aegyptiacus T A T A A A T A G G C G C A G G C C G G G C T G T G G C T C A G C T C T C A G A G G G A G T C A G G C A C C A G G C A G C G G A C T C A A G C C A A G C C C C C T G C C A G C A T G G C C A G C G A G  [198]

DEMKT1 N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N  [198]

P.alecto T A T A A A T A G G C C C A G C C C A G G C T G T G G C T C A G C T C T C A G A G G G A G T C A A G C A C C A G G C G G C G G A C T C A A G C C A A G C C C C C T G C C A A C A T G G C C A G C G A G  [198]

FBKT1 N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N G A G  [198]

M.natalensis - - - - - - - - - - - - - - - - - - - - - - - - T G G C T C A G C T C T C A G A G G G A G T C G A G C A C C A G G C A G C G G T C T C C A G C C A A G C C C C C T G C C A G C A T G G C C A G T G A G  [198]

YUBFKT1 N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N G A G  [198]

M.auratus T A T A A A T A G G C C C G G C C C A G G C T G T G G C T C A G C C T G G A G G G A A T T G A G C A C C A G A C A T C C A G C A G T T A G G T C G A G C C C C C T G C C A G C A T G G C C A G C G A A  [198]

BHK-21 N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N  [198]

R.ferrumequinum A A T A G G C C C A G C C C G G G C T G T G G C C C A G C G C T C G C T C G G A G G G A G T C C A G C A C C A G G C A G C G G T C T C C A G C C A A G C C C C C T G C C A G C A T G G C C A G C G A G  [198]

BKT1 N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N  [198]

R.aegyptiacus T T C A A G A A G A A G C T C T T C T G G A G G G C A G T G G C G G C C G A G T T C C T G G C C A T G A C C C T G T T C G T C T T C A T C A G C A T T G G T T C C G C C C T G G G C T T C A A C T A C  [297]

DEMKT1 N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N T C C G C C C T G G G C T T C A A C T A C  [297]

P.alecto T T C A A G A A G A A G C T C T T C T G G A G G G C G G T G G T G G C C G A G T T C C T G G C C A T G A C C C T C T T C G T C T T C A T C A G C A T T G G T T C T G C C T T G G G C T T C A A C T A C  [297]

FBKT1 T T C A A G A A G A A G C T C T T T T G G A G G G C G G T G G T G G C C G A G T T C C T G G C C A T G A C C C T C T T C G T C T T C A T C A G C A T T G G T T C T G C C T T G G G C T T C A A C T A C  [297]

M.natalensis T T C A A G A A G A A G C T C T T C T G G A G G G C G G T G G T G G C C G A G T T C C T G G C C A T G A T C C T C T T C A T T G T C A T C A G C A T C G G C T C T G C C C T G G G C T T C A A T T T C  [297]

YUBFKT1 T T C A A G A A G A A G C T C T T C T G G A G G G C G G T G G T G G C C G A G T T C C T G G C C A T G A T C C T C T T C A T T G T C A T C A G C A T C G G C T C T G C C C T G G G C T T C A A T T T C  [297]

M.auratus T T C A A G A A G A A G C T C T T C T G G A G G G C T G T C G T G G C C G A G T T C C T G G C C A T G A C T C T C T T C G T C T T C A T C A G C A T T G G C T C T G C C C T G G G C T T C A A C T A C  [297]

BHK-21 N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N T C A G C A T T G G C T C T G C C C T G G G C T T C A A C T A C  [297]

R.ferrumequinum T T C A A G A A G A A G C T C T T T T G G A G G G C G G T G G T G G C T G A G T T C C T G G C C A T G A C C C T C T T C G T C T T C A T C A G C A T C G G G T C T G C C C T G G G C T T C A A C T A C  [297]

BKT1 N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N C  [297]

R.aegyptiacus C C C C T G A A G A A C A A C C A G A C G T C G G G T G C G A T G C A A G A C A A C G T G A A G G T G T C C C T G G C G T T C G G G C T G A G C A T T G C C A C G C T G G C C C A G A G C G T G G G C  [396]

DEMKT1 C C C C T G A A G A A C A A C C A G A C G T C G G G T G C G A T G C A A G A C A A C G T G A A G G T G T C C C T G G C G T T C G G G C T G A G C A T T G C C A C G C T G G C C C A G A G C G T G G G C  [396]

P.alecto C C C T T G A A G A A C A A C C A G A C G T C G G G T G C G A C T C A G G A C A A C G T G A A G G T G T C A C T G G C T T T C G G G C T G A G C A T C G C C A C G C T G G C C C A G A G C G T G G G C  [396]

FBKT1 C C C T T G A A G A A C A A C C A G A C G T C G G G T G C G A C T C A G G A C A A C G T G A A G G T G T C A C T G G C T T T C G G G C T G A G C A T C G C C A C G C T G G C C C A G A G C G T G G G C  [396]

M.natalensis C C C G T G A A G A A C A A C C A A A C G T C A G G T G C A A C T C A G G A C A A T G T G A A G G T G T C G C T G G C C T T T G G T C T G A G C A T C G C C A C G A T G G C C C A G A G C G T G G G C  [396]

YUBFKT1 C C C G T G A A G A A C A A C C A A A C G T C A G G T G C A G C T C A G G A C A A T G T G A A G G T G T C G C T G G C C T T T G G T C T G A G C A T C G C C A C G A T G G C C C A G A G C G T G G G C  [396]

M.auratus C C A C T G G G G G G G A A C C A G A C A C T G G - - - - - - T C C A G G A C A A C G T G A A G G T G T C G C T G G C C T T T G G T C T G A G C A T T G C C A C T C T G G C C C A A A G T G T G G G T  [396]

BHK-21 C C A C T G G G G G G G A A C C A G A C A C T G G - - - - - - T C C A G G A C A A C G T G A A G G T G T C G C T G G C C T T T G G T C T G A G C A T T G C C A C T C T G G C C C A A A G T G T G G G T  [396]

R.ferrumequinum C C G C T G A A G A A C A A C C A G A C C T C A G G T G C G T C G C A G G A C A A T G T G A A G G T G T C C C T G G C C T T C G G G C T G A G C A T C G C C A C G C T G G C G C A G A G C G T G G G C  [396]

BKT1 C C G C T G A A G A A C A A C C A G A C C T C A G G T G C G T C G C A G G A C A A T G T G A A G G T G T C C C T G G C C T T C G G G C T G A G C A T C G C C A C G C T G G C G C A G A G C G T G G G C  [396]

R.aegyptiacus C A C A T C A G C G G C G C C C A C C T C A A C C C G G C C G T C A C G C T G G G G C T G C T G C T C A G C T G T C A G A T C A G C A T C C T C C G G G C C A T C A C G T A C A T G G T G G C C C A G  [495]

DEMKT1 C A C A T T A G C G G C G C C C A C C T C A A C C C G G C C G T C A C G C T G G G G C T G C T G C T C A G C T G T C A G A T C A G C A T C C T C C G G G C C A T C A C G T A C A T G G T G G C C C A G  [495]

P.alecto C A C A T C A G C G G T G C C C A C C T C A A C C C G G C C G T C A C G C T G G G G C T G C T G C T C A G C T G C C A G A T C A G C A T C C T C C G G G C C G T C A T G T A C A T C A T C G C C C A G  [495]

FBKT1 C A C A T C A G C G G T G C C C A C C T C A A C C C G G C C G T C A C G C T G G G G C T G C T G C T C A G C T G C C A G A T C A G C A T C C T C C G G G C C G T C A T G T A C A T C A T C G C C C A G  [495]

M.natalensis C A C A T C A G C G G C G C C C A C C T C A A C C C G G C C G T C A C C C T G G G G C T G C T G C T C A G C T G C C A G A T C A G C G T C C T T C G G G C T G T C C T G T A C A T C A T C G C C C A G  [495]

YUBFKT1 C A C A T C A G C G G C G C C C A C C T C A A C C C G G C C G T C A C C C T G G G G C T G C T G C T C A G C T G C C A G A T C A G C G T C C T T C G G G C T G T C C T G T A C A T C A T C G C C C A G  [495]

M.auratus C A C A T C A G C G G T G C C C A C C T C A A C C C A G C T G T C A C A C T G G G G C T A C T G C T C A G C T G T C A G A T C A G C A T C C T C A G G G C T G T C A T G T A C A T C A T C G C C C A G  [495]

BHK-21 C A C A T C A G C G G T G C C C A C C T C A A C C C A G C T G T C A C A C T G G G G C T A C T G C T C A G C T G T C A G A T C A G C A T C C T C A G G G C T G T C A T G T A C A T C A T C G C C C A G  [495]

R.ferrumequinum C A C A T C A G T G G C G C C C A C C T C A A C C C G G C C G T C A C C C T G G G G C T G C T G C T G A G C T G C C A G A T C A G C A T C C T C C G G G C T C T G C T G T A C A T C G T C G C C C A G  [495]

BKT1 C A C A T C A G T G G C G C C C A C C T C A A C C C G G C C G T C A C C C T G G G G C T G C T G C T G A G C T G C C A G A T C A G C A T C C T C C G G G C T C T G C T G T A C A T C G T C G C C C A G  [495]

R.aegyptiacus T G C G T G G G G G C C A T C G T C G C C A C C G C C A T C C T C T C G G G C A T C A C C T C C T C C C T G A G C G A C A A C T C G C T C G G C C G C A A C G C G C T G G C C T C C G G C G T G A A C  [594]

DEMKT1 T G C G T G G G G G C C A T C G T C G C C A C C G C C A T C C T C T C G G G C A T C A C C T C C T C C C T G A G C G A C A A C T C G C T C G G C C G C A A C G C G C T G G C C T C C N N N N N N N N N  [594]

P.alecto T G C G T G G G G G C C A T C G T C G C C A C C G C C A T C C T C T C A G G C A T C A C C T C C T C C C T G A G C A A C A A C T C T C T C G G C C G C A A T G A G C T G G C C C C T G G C G T G A A C  [594]

FBKT1 T G C G T G G G G G C C A T C G T C G C C A C C G C C A T C C T C T C A G G C A T C A C C T C C T C C C T G A G C A A C A A C T C T C T C G G C C G C A A T G A G C T G G C C C C T G G C G T G A A C  [594]

M.natalensis T G T G T G G G G G C C A T C G T C G C C A C C G C C A T C C T C T C G G G C A T C A C C T C T T C C C T G C C C A A C A A C T C A C T G G G C A G C A A T G G G C T G G C C T C T G G C G T G A A T  [594]

YUBFKT1 T G T G T G G G G G C C A T C G T C G C C A C C G C C A T C C T C T C G G G C A T C A C C T C T T C C C T G C C C A A C A A C T C A C T G G G C A G C A A T G G G C T G G C C T C T G G C G T G A A T  [594]

M.auratus T G T G T G G G G G C C A T C G T C G C C A C T G C C A T C C T C T C G G G C A T C A C C T C C T C C C T A C C T G A G A A C T C A C T T G G C C G C A A T G A C C T G G C T C C A G G T G T G A A C  [594]

BHK-21 T G T G T G G G G G C C A T C G T C G C C A C T G C C A T C C T C T C G G G C A T C A C C T C C T C C C T A C C T G A G A A C T C A C T T G G C C G C A A T G A C C T G G C T C C A G G T G T G A A C  [594]

R.ferrumequinum T G C G T G G G G G C C A T C G T C G C C A C C G C C A T C C T C T C G G G C A T C A C C T C C T C C C T G A G T A A C A A C T C G C T T G G C C G C A A T G A G C T G G C C C C C G G C G T G A A C  [594]

BKT1 T G C G T G G G G G C C A T C G T C G C C A C C G C C A T C C T C T C G G G C A T C A C C T C C T C C C T G A G T A A C A A C T C G C T T G G C C G C A A T G A G C T G G C C C C C G G C G T G A A C  [594]

R.aegyptiacus T C A G G C C A G G G C C T G G G C A T C G A G A T C A T C G G C A C C C T G C A G C T G G T G C T G T G C G T G C T G G C C A C C A C C G A T C G G A G G C G C C G C G A C C T C G G G G G C T C G  [693]

DEMKT1 N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N  [693]

P.alecto T C A G G C C A G G G C C T G G G C A T C G A G A T C A T C G G C A C C C T G C A G C T G G T G C T G T G C G T G C T G G C C A C C A C T G A T C G G A G G C G C C G T G A C C T C G G G G G C T C A  [693]

FBKT1 T C A G G C C A G G G C C T G G G C A T C G A G A T A A T C G C C A C C C N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N  [693]

M.natalensis G C A G G C C A G G G C C T G G G C A T T G A G A T C A T C G C C A C C C T G C A G C T G G T G C T G T G C G T G C T G G C C A C C A C C G A C C G G A G G C G T C G C G A C C T C G G G G G C T C G  [693]

YUBFKT1 G C A G G C C A G G G C C T G G G C A T T G A G A T C A T C G C C A C C C T N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N  [693]

M.auratus T C C G G C C A G G G T C T G G G C A T T G A G A T C A T C G G C A C C C T G C A G C T G G T G C T G T G C G T G C T G G C C A C C A C C G A C C G G A G G C G C C G T G A C T T A G G T G G C T C G  [693]

BHK-21 T C C G G C C A G G G T C T G G G C A T T G A G A T C A T C G C C A C C C T N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N  [693]

R.ferrumequinum T C C G G C C A G G G C C T G G G C A T C G A G A T A A T T G G C A C C C T G C A G C T G G T G C T G T G C G T G C T G G C C A C C A C C G A C C G G A G G C G C C G T G A C C T T G G G G G C T C A  [693]

BKT1 T C C G G C C A G G G C C T G G G C A T C G A G A T A A T T G G C A C C C T G C A N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N  [693]
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Figure 1-4 
 

 
 

Partial sequences of mucin-1 (MUC-1) isolated from HEK293T cell line. Conserved 

nucleotides between human MUC-1 sequences obtained from database and HEK293T are 

highlighted in yellow. MUC-1 partial sequences that have not been determined are 

denoted as N. 

 
 
  

Human A C C T C T C A A G C A G C C A G C G C C T G C C T G A A T C T G T T C T G C C C C C T C C C C A C C C A T T T C A C C A C C A C C A T G A C A C C G G G C A C C C A G T C T C C T  [  90]

HEK293T N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N  [  90]

Human T T C T T C C T G C T G C T G C T C C T C A C A G T G C T T A C A G T T G T T A C G G G T T C T G G T C A T G C A A G C T C T A C C C C A G G T G G A G A A A A G G A G A C T T C G  [ 180]

HEK293T N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N  [ 180]

Human G C T A C C C A G A G A A G T T C A G T G C C C A G C T C T A C T G A G A A G A A T G C T T T G T C T A C T G G G G T C T C T T T C T T T T T C C T G T C T T T T C A C A T T T C A  [ 270]

HEK293T N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N  [ 270]

Human A A C C T C C A G T T T A A T T C C T C T C T G G A A G A T C C C A G C A C C G A C T A C T A C C A A G A G C T G C A G A G A G A C A T T T C T G A A A T G T T T T T G C A G A T T  [ 360]

HEK293T N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N C A A G A G C T G C A G A G A G A C A T T T C T G A A A T G T T T T T G C A G A T T  [ 360]

Human T A T A A A C A A G G G G G T T T T C T G G G C C T C T C C A A T A T T A A G T T C A G G C C A G G A T C T G T G G T G G T A C A A T T G A C T C T G G C C T T C C G A G A A G G T  [ 450]

HEK293T T A T A A A C A A G G G G G T T T T C T G G G C C T C T C C A A T A T T A A G T T C A G G C C A G G A T C T G T G G T G G T A C A A T T G A C T C T G G C C T T C C G A G A A G G T  [ 450]

Human A C C A T C A A T G T C C A C G A C G T G G A G A C A C A G T T C A A T C A G T A T A A A A C G G A A G C A G C C T C T C G A T A T A A C C T G A C G A T C T C A G A C G T C A G C  [ 540]

HEK293T A C C A T C A A T G T C C A C G A C G T G G A G A C A C A G T T C A A T C A G T A T A A A A C G G A A G C A G C C T C T C G A T A T A A C C T G A C G A T C T C A G A C G T C A G C  [ 540]

Human G T G A G T G A T G T G C C A T T T C C T T T C T C T G C C C A G T C T G G G G C T G G G G T G C C A G G C T G G G G C A T C G C G C T G C T G G T G C T G G T C T G T G T T C T G  [ 630]

HEK293T G T G A G T G A T G T G C C A T T T C C T T T C T C T G C C C A G T C T G G G G C T G G G G T G C C A G G C T G G G G C A T C G C G C T G C T G G T G C T G G T C T G T G T T C T G  [ 630]

Human G T T G C G C T G G C C A T T G T C T A T C T C A T T G C C T T G G C T G T C T G T C A G T G C C G C C G A A A G A A C T A C G G G C A G C T G G A C A T C T T T C C A G C C C G G  [ 720]

HEK293T G T T G C G C T G G C C A T T G T C T A T C T C A T T G C C T T G G C T G T C T G T C A G T G C C G C C G A A A G A A C T A C G G G C A G C T G G A C A T C T T T C C A G C C C G G  [ 720]

Human G A T A C C T A C C A T C C T A T G A G C G A G T A C C C C A C C T A C C A C A C C C A T G G G C G C T A T G T G C C C C C T A G C A G T A C C G A T C G T A G C C C C T A T G A G  [ 810]

HEK293T G A T A C C T A C C A T C C T A T G A G C G A G T A C C C C A C C T A C C A C A C C C A T G G G C G C T A T G T G C C C C C T A G C A G T A C C G A T C G T A G C C C C T A T G A G  [ 810]

Human A A G G T T T C T G C A G G T A A T G G T G G C A G C A G C C T C T C T T A C A C A A A C C C A G C A G T G G C A G C C A C T T C T G C C A A C T T G T A G G G G C A C G T C G C C  [ 900]

HEK293T A A G G T T T C T G C A G G T A A T G G T G G C A G C A G C C T C T C T T A C A C A A A C C C A G C A G T G G C A G C C A C T T C T G C C A A C T T G T A G N N N N N N N N N N N N  [ 900]

start 

codon

stop 

codon
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Figure 1-5  

 

Continue… 
 

BKT1 N N N N N A A T C A T G A G T T G G A A T C T G C T T T A T C A C A T C T C C T G C T T T T G G G T G C T C T T G C C C T T T T G G A T A C T G T G T A C A T C T T C T A C C A A C A A A T G T G C T  [ 297]

DEMKT1 G G C A G A A T C A T G A G A T G G A G A C T G C T C T G T C A C A T C T C T T C T C T T T T G G G A C T T T T G C C C T T T G G G A T A C T G T G T A C A T C T T C T A C C A A G A A A T G T G C T  [ 297]

YUBFKT1 N N N N N N N N C A T G A G C C G G A G C C T C C T G C G T C C T G T C G C C T G C T G C C T G G G C C T G C T G C C C C T C T G G C T T C T G T G C G C C T C T T C C G C C A G C A G G T G T G C G  [ 297]

BKT1 G T G A G G C A T G A A G T A G C T G A T T G C A G T C A T C T G A A G T T G A C T C A A A T A C C T G A T G A C C T C C C G G C A A A C A T A A C A G T G T T G A A T C T T A C C C A T A A T C A A  [ 396]

DEMKT1 G T G A G G C A T G A A G T G G C T G A C T G C A G T C A T C T G A A G T T G A C T C A A A T A C C T G A C G A C C T C C C A G A A A A C A T A A C A G T G T T G G A T C T T A C C C A T A A T C A A  [ 396]

YUBFKT1 G T T C G G C G G G A G G T C G C C G A C T G C A G T C A C C T G A G A T T G A C T C A A A T A C C C G A T G A C C T C C C G G C G A A C G T A A C A G T G T T G A A T C T G A C C C A C A A T C A A  [ 396]

BKT1 C T C A G A A A A T T A C C A C C T G C C A A T T T T A C A A G A T A C A G C C A A A T T A C T A T C T T G G A T G G A G G A T T T A A C T C C A T C T C A A A A C T G G A G C C A G A A T T G T G C  [ 495]

DEMKT1 C T G A G A A A A T T A C C A C C T G C C A A T T T T A C A A G A T A T A G C C A A C T T A C T G T C T T G G A T G G A G G A T T T A A T A C C A T C T C A A A A C T G G A G C C A G A A T T G T G C  [ 495]

YUBFKT1 C T C A G A A A A C T A C C G C C T G C C A A T T T T A C A A G A T A C A G C C A A C T T A C T G T C T T G G A T G G A G G A T T C A A C A C C A T C T C G A A A C T G G A G C C A G A A T T G T G C  [ 495]

BKT1 C A A A A A C T C C C C T T G T T G G A A A T T T T G A A C C T C C A A C A C A A T G A G C T A T C T C A A C T T T C T G A T A A A A C C T T T G T C T T C T G T A T G A A T T T G T C T G A A C T C  [ 594]

DEMKT1 C A A A A A C T C C C C T T G T T G G A A A T T T T G A A C C T C C A A A A C A A T G A G C T A T C T C A G C T T T C T G A T A A A A C C T T T A T C T C C T G T A T G A A T T T G G T T G A A C T C  [ 594]

YUBFKT1 C A G A A A C T C C C C T T G C T G G A A G T T T T G A A C C T C C A A C A C A A T G A G C T A T C T C A A C T G T C C G A T A A A A C C T T T A C C T T C T G C C T G A A T T T G A C T G A A C T C  [ 594]

BKT1 C A T C T A A T G T C C A A C T C A A T C C A G A A A G T T C A A A A T A N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N  [ 693]

DEMKT1 A A T C T A A A G T C C A A C T C A A T C C A G A A A A T T C A A A A T A A T C C C T T T A A A A A T T T G A A G A A T T T A A T T A A A T T A G A C C T A T C T C A T A A T G G T T T G T C A T C T  [ 693]

YUBFKT1 T G T C T T A G G T A C A A C T T A A T C C A T A C A A T T C A A A A T G A T C C C T T T A A A A A C C T G A A G A A T T T A A T C A A A T T A G A T C T A T C T C G T A A T G G T T T A T C A T C T  [ 693]

BKT1 N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N  [ 792]

DEMKT1 A C T A A A T T A G G A A C T C A A C T C C A A T T G G A A A A T C T C C A A G A G C T T C T A T T A T C A A A T A A T A A A A T T C A C G T A C T A A G C C G T G A A G A A C T T G A T T T C C T T  [ 792]

YUBFKT1 A C T A A A T T A G G A A C T C A G C T C C A A C T G G A A A A T C T C C A A G A G C T T C T A T T A T C G A A T A A T A A A A T T C A T G T A C T A A G A C G T G A A G A A C T T G A T T T C C T T  [ 792]

BKT1 N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N  [ 891]

DEMKT1 G G C A A T T C G T C T T T A A A A A A A T T A G A G C T G T C A T C A A A T C A A A T C A A A G A G T T T A C T C C A G G G T G T T T T C A T G C A A T T G G A G A A T T A T T T G G T C T C T C T  [ 891]

YUBFKT1 G G C A A T T C T T C T T T A A A A A A A T T A G A C T T G T C T T C A A A T C A A A T T A A A G A G T T C T C T C C A G G G T G T T T T C A T G C A A T T G G A A A A T T G T T T G G C C T C T C T  [ 891]

BKT1 N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N  [ 990]

DEMKT1 C T G A A C A A T G C C C A G C T G G G C C C C A G T C T C A T A G A G A A G C T T T G T T T G G A A T T A T C A G G C A C A A G C A T T C A G A A T C T A T C C C T G A G C A A C A C C C A G C T A  [ 990]

YUBFKT1 C T G A A C A A C G C C C A G C T G G G C C C C A G C C T C A C C G A G N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N  [ 990]

BKT1 N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N  [1089]

DEMKT1 T A C A G A A C A G G C A A T A C G A C T T T C A T T G G A C T A A A A C A G A C A A A T C T C A C C A T G C T C G A T C T T T C C T A T A A T G G C T T A A A T G T G A T T G G C A A T G A T T C C  [1089]

YUBFKT1 N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N  [1089]

BKT1 N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N  [1188]

DEMKT1 T T T A T T T G G C T T C C G C A T C T A G A A T A T T T C T T C C T G G A G T A T A A T A A T A T A G A G C A T T T G T C T T C T T A C T C T T T T T A T G G A C T T T T C A A T G T G A A A T A C  [1188]

YUBFKT1 N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N  [1188]

BKT1 N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N  [1287]

DEMKT1 C T G A A T T T G A G A G G A T C T T T T A T T A A A C A A A A C A T C T T C C T T G C T T C G C T T C C C A A G A T C G A T G A T C T T T C C T T C C A G T G G C T G A A A T G T T T G G A G T A T  [1287]

YUBFKT1 N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N  [1287]

BKT1 N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N  [1386]

DEMKT1 C T T A A C A T G G A A G A T A A C A A C T T T C A A G G C A T A A A A A G C A A T A T G T T C A C A G G A T T A A T A A A G C T G A A A T A C T T A A G T C T G T C C A A C T C C T T C A C A A G T  [1386]

YUBFKT1 N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N  [1386]

BKT1 N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N  [1485]

DEMKT1 T T G C G A A C T T T A A C A A A T G A A A C A T T T G T A T C A C T T G C T C A T T C T C C T T T A C T T A C A C T G A A C T T A A C C A A A A A T A A A A T C T C A A A A A T A G A G A G T G G T  [1485]

YUBFKT1 N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N  [1485]

BKT1 N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N  [1584]

DEMKT1 G C T T T T T C T T G G T T G G G C C A C C T A A A G G T G C T T G A C C T C G G C C T T A A C G A A A T T G G G C A A G A A C T C A C A G G A G A G G A A T G G A G A G G T C T G G A A A A T A T T  [1584]

YUBFKT1 N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N  [1584]

BKT1 N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N  [1683]

DEMKT1 G T T G A A A T C T A C C T T T C T T A C A A C A A A C T T C T A C A A C T G A C T A G C A A T T C T T T C G T C T T G G T T C C A A G C C T C C A A C A A T T G A T G C T C C G A A G A G T G G C C  [1683]

YUBFKT1 N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N  [1683]

BKT1 N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N  [1782]

DEMKT1 C T T C A A A A C C T G G A T A G C T C T C C T T C A C C T T T T C A C C C T C C T C A T A A C T T G A C C A T T C T G G A T C T A A G C A A C A A C A A C A T A G C C A A C A T A A A T G A T G A A  [1782]

YUBFKT1 N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N G A G C A A C A A T A A C A T A G C C A A C A T C A A C G A G G A G  [1782]

BKT1 N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N  [1881]

DEMKT1 C T G T T G G A G G G T C T C A A C A A A C T A G A A A T T T T G G A T T T G C A G C A T A A C A A C T T A G C T C G C C T C T G G A A A C A C G C A A A T C C T G G T G G T C C T G T T C A T T T T  [1881]

YUBFKT1 C T G T T G G A G G G C C T G G A G G A A C T G G A A A T C C T G G A C A T G C A G C A C A A C A A C T T A G C C C G G C T C T G G A A A C A T G C A A A C C C T G G C G G G C C C G T C C A G T T C  [1881]

BKT1 N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N  [1980]

DEMKT1 C T A A A G G G T C T T T C T C A T C T C C A T G T C C T T A A C T T A G A G T C T A A T G G C T T T G A T G A G A T C C C A G C A G A G G T C T T C A A G G A C T T A T T T G A A T T A A A G A G C  [1980]

YUBFKT1 C T A A A G G G C C T T T C T C A C C T C C A C G T C C T T A A T T T A G A G T C T A A C G G C T T C G A C G A G A T C C C G G C G G A G G C C T T C A A A G A C T T A T T T C A G T T A A A G A G C  [1980]
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Comparison of TLR3 partial sequences from bat cell lines used in this study. 

Conserved nucleotides and targeted site for TLR3 mRNA knockdown among bat species 

are highlighted in yellow and blue, respectively. TLR3 partial sequences that have not 

been determined are denoted as N. 

  

BKT1 N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N A T C A G G T A T C T C T A A A G T C A T T G A G C C T T C A G A A G A A T C T C A T A A C A  [2079]

DEMKT1 A T C A A T T T A G G A T T G A A T A A C T T A A A C A T A C T T C C A C C A T C T G T T T T T G A T A A T C A A G T C T C T C T A A A G T C A T T G A G C C T T C A G A A G A A T C T C A T A A C A  [2079]

YUBFKT1 A T C A A T T T A G G A T T G A A T A A T T T A A A C A T A C T T C C T T C A T C T C T C T T T G A C A A T C A G G G G T C T C T G A A G T C A T T G A G C C T T C A G A A G A A T C T C A T C A C G  [2079]

BKT1 T C A G T T G A G A A G A A T G T T T T T G G G C C A G C T T T C C A G A A C C T G A G T A C T T T A G A T A T G C G C T T T A A T C C A T T T G A T T G T A C A T G T G A A A G C A T T G C C T G G  [2178]

DEMKT1 T C A G T T G A G A A G G A T G T T T T T G G G T C A G C T T T C A A G A A T C T A A G T A A T T T A G A T A T G A G C T T T A A T C C A T T T G A T T G T A C A T G T G A A A G C A T T G C C T G G  [2178]

YUBFKT1 T C G G T T G A G A A G A G T G T T T T C G G G C C A G C T T T C A A G A G C C T G A G T A G T T T A G A T A T G C G C T T C A A T C C G T T T G A T T G C A C G T G T G A A A G C A T C G C C T G G  [2178]

BKT1 T T T G T T A A C T G G A T T A A T A G T A C C C A T A C C A A C A T C T C T G A G C T A T C A A G C C A T T A C C T C T G T A A T A C T C C G C C T C A A T A T C A T G G T T T A C C A G T G A T G  [2277]

DEMKT1 T T T G T T A A T T G G A T C A A T A A T A C T C A T A C C A A C A T C T C T G A C C T A T C A A G C C A T T A C C T C T G T A A T A C T C C A C C T C A G T A T C A T G G T T G C C C A G T G A T G  [2277]

YUBFKT1 T T T G T T A G C T G G A T C A A C A G C A C C C C C A C C A A C A T C T C G G A G C T G T C T G G C C A C T A C C T C T G C A A C A C C C C G C C T C A G T A T C A T G G C T T C C C G G T G A T G  [2277]

BKT1 C T T T T T G A T A T A T C A C C C T G C A A A G A C A G T G C C C C C T T T G A A C T C N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N  [2376]

DEMKT1 C T T T T T G A T A T A T C A C C C T G C A A A G A C A G T G C C C C C T T T G A A C T C C T T T T C A T G A T A A A T A C C A G T G T C C T A T T G A T T T T T A T C T T T A T T G T A C T G C T C  [2376]

YUBFKT1 C T T T T T G A T A T C T C A C C T T G C A A A G A C A G T G C C C C C T T C G A G C T C C T T T T C A T G A T A A A T A C C A G T A T C C T A T T G A T T T T T G T C T T C A C T G T G C T G A T G  [2376]

BKT1 N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N  [2475]

DEMKT1 A T C C A T T T T G A A G G C T G G A G G A T A T C T T T T T A T T G G A A T G T T T C A G T G C A T C G A A T T C T T G G T T T C A A A G A A A T A G A C A G C C A A C C A G A G C A G T T T G A A  [2475]

YUBFKT1 A T C C A C T T T G A A G G C T G G A G G G T G T C T T T T T A T T G G A A T G T T T T A G T G C A T C G A G C T C T T G G T T T C A A A G A A A T G G A C A G G C A G C C A G A G C A G T T T G A C  [2475]

BKT1 N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N  [2574]

DEMKT1 T A T G C A G C A T A T A T A A T T C A T G C C T A T A A A G A T A G A G G T T G G G T C T G G G A A C A C T T C T G C C C A A T G G A A G A A A A A G A T A A A A C T C T C A A A T T T T G T C T G  [2574]

YUBFKT1 T A T G C A G C A T A T A T A A T T C A T G C C T A T G A A G A C A G G G A C T G G G T C T G G G A G A A C T T C T C C C C C A T G G A A C A A G A G G A T C A G A C G C T C A G A T T T T G C C T G  [2574]

BKT1 N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N  [2673]

DEMKT1 G A A G A G A G A G A C T T T C A G G C A G G T G T C C T T G A A C T T G A A G C A A T T G T T A A T A G C A T C A A A A A G A G C A G A A A A A T T A T T T T T G T T A T A A C A C A G C A T C T T  [2673]

YUBFKT1 G A A G A G A G G G A T T T T C A G G C A G G C G T C C T T G A A C T T G A A G C A A T T G T T A A C A G C A T C A A A A G G A G C A G A A A A A C T A T T T T T G T T A T A A C A C A G C A T C T A  [2673]

BKT1 N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N  [2772]

DEMKT1 T T A A A A G A T C C A T T A T G C A A A A G A T T C A A G G T G C A T C A T G C A G T T C A G C A A G C T A T T G A A C A A A A T C T G G A T T C C A T T A T A T T G A T C T T T C T C G A G G A T  [2772]

YUBFKT1 T T A A A A G A T C C A T T A T G C A A A A G A T T C A A G G T G C A C C A G G C A C T T C A G A A A G C T A T T G A A C A G A A C C T G G A C T C N N N N N N N N N N N N N N N N N N N N N N N N N  [2772]

BKT1 N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N  [2871]

DEMKT1 A T T C C A G A T T A T A A A T T G A A T C A T G C A C T C T G T T T G C G A A G A G G A A T G T T T A A A T C T T A C T G C A T C T T A A A C T G G C C A C T T C A G A A A G A A C G G A T A A A T  [2871]

YUBFKT1 N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N  [2871]

BKT1 N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N  [2970]

DEMKT1 G C C T T T C A T C A T A A A T T G C A A G T A G C A C T T G G A T C C A G A A A T T C A G T A C A T T A A A T T T A T T T A A A A A C T A A A T T G G G A G G T G G G A G G T A G A T G G G G G A A  [2970]

YUBFKT1 N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N  [2970]
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DEMKT1 N N N N N N N N N N N N N G C A C A C C T T C C G G G A C T A T G T C A C G A A G A T T C T G G A C C C T A C C T A C A T C T T G A G C T A C A T G A C C C C C T G G T T T A A G G A G G A T G A A G  [  99]

BKT1 N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N  [  99]

YUBFKT1 A G C G G C G G A A C C T G C T G G C C T T C C G G G A C T A T G T C A C C A A G A T C C T G G A C C C C A C C T A C G T C C T G A G C T A C A T G G C C C C C T G G T T T A A G G A G G A T G A A A  [  99]

FBKT1 N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N  [  99]

DEMKT1 T G C A G T A T A T T C A G G C T G A G A A A A A C A A C A G G G G T G C A A T G G A G G C T G C C T C A C T T T T T C T C A G G T T C C T A T T G G A G C T C C A A G A A G A A G G C T G G T T C C  [ 198]

BKT1 N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N  [ 198]

YUBFKT1 T G C A G T A T A T T C A G G C C G A G A A A A A C A A C A A G G G T G T G A T G G A G G C T G C T G C A C T T T T T C T C A A G T T C C T G T T G G A G C T C C A G G A G G A A G G C T G G T T C C  [ 198]

FBKT1 N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N  [ 198]

DEMKT1 G T G G C T T T A T G G A T G C T C T T A A C C A T G C G G G T T A T T C T G G C C T T T A T G A A G C C A T T G A G A A T T G G G A T T T C C A A A A A A T T G A A A A G T T G G A G G A G T A T A  [ 297]

BKT1 N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N  [ 297]

YUBFKT1 G T G C C T T T T T G G A T G C T C T T A A C C A T G C A G G T T A T T C T G G A C T T T A T G A A G C C A T T G A A A G T T G G A A T T T C C A C A A A A T A G A A A A G T T G G A G G A A T A T A  [ 297]

FBKT1 N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N  [ 297]

DEMKT1 G A T T G C T T T T A A A G C G T T T G C A G C C A G A A T T T A A A A C C A G A A T T A A C C C A A A T G A C A T C C T T C C T G A C A T A T C T G A A T G T T T A A T T G A T C A G G A A T G T G  [ 396]

BKT1 N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N G A T C A T A T C C T T C C T G A T A T G T G T G A A T G T T T A A T T A A T C A A G A A T G T G  [ 396]

YUBFKT1 G A T T G C T T T T A A G G C G T T T G C A A C C A G A A T T T A A A A C C A T A A T T A A T C C A G A T G A G C T C C T T C C T G A A A T A T C T G A A T G T T T A A T T A T T C A G G A T T G T G  [ 396]

FBKT1 N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N A T C C T T C C T G A C A T A T C T G A A T G T T T A C T T G A T C A G G A A T G T G  [ 396]

DEMKT1 A A G A A A T T A T A C A G G T T T G T T C C A A C A A G G G G C C G A T G G C T G G T G C A G A G A A A A T G G T T G A A T G C C T T C T C A G A T C A G A C A A G G A G A A C T G G C C C A A A T  [ 495]

BKT1 A A G A A A T T A A A C A G G T T T G T T C C A A C A A G G G G T C A A T G G C T G G T G C A G A G A A A A T G G T T G A A T G C C T T C T C A G A T C A G A C A A G G A G A A C T G G C C C A A A A  [ 495]

YUBFKT1 A A G A A A T T A G A C A G A T T T G T T C C A A C A A G G G G C C A A T G G C A G G T G C A G A G A A A A T A G T T G A A T G C C T T C T C A G A T C A G A C A A G G A G A A C T G G C C C A A A T  [ 495]

FBKT1 A A G A A A T T A T A C A G A T T T G T T C T A A C A A G G G G C C G A T G G C T G G T G C A G A G A A A A T G G T T G A A T G C C T T C T C A G A T C A G A C A A G G A G A A C T G G C C C A A A T  [ 495]

DEMKT1 C T T T G C A A C T T G C T T T G G A G A G A G A A G A G A G C A A G T T C A G T G A A C T G T G G A T T A T A G A G A A A G G T G C A A A A G A T G T T G A A T T G A A A G A C C T T G A G G A T G  [ 594]

BKT1 C T T T G A A A C T T G C T T T G G A G A A A G A A G A G A A C A A G T T C A G T G A A C T G T G G A T T G T A G A T A A A G G T T C C A A A G A T G T T G A A A C G A A A G A T C T T G A A G A T G  [ 594]

YUBFKT1 C T T T G C A A C T T G C T T T G G A G A G A G A A G A G A G C A A G T T C A G T G A A C T G T G G A T T A C A G A G A A A G A T G C G A A A G A A - - - G A A G T G A A A G A T C T C G A G G A T G  [ 594]

FBKT1 C T T T G A A A C T T G C T T T G G A G A A A G A A G A A A G C A A G T T C A G T G A A C T G T G G A T T A T A G A G A A A G G T G C A A A A G A T G T T G C A T T G C A A G A C C T T G A G G A T G  [ 594]

DEMKT1 A G G A A A T G A A A A C T T C C G A A G T A C A A A T T T T C T A C A A G G A A G A A C C A G A A T G C C A G A A T C T T A G T C A G A A T T C A T G T C C A C C T T C A G A A G T G T C T C A T A  [ 693]

BKT1 A G G A A A T G A A T A T T T C T G A C A T A C A G A T T G T C T A C A A G G A A G A A C C A G A A T G C C A G A A T C T T A G T C A G A A T T C A T G T C C A C C T T C A G A A G T G T C T C A C A  [ 693]

YUBFKT1 A G G A A A T A G A A G C T T C C G A A G T A C A G A T T T T C T A C A A G G A A G A G C C A G A A T G C C A G A A T C T T A G C G A G A A C T C G A G C C C G C C T T C A G A A G T G A C T C A T A  [ 693]

FBKT1 A G G A A A T G A A A A C T T C C G A A G T A C A G A T T T T C T A C A A G G A A G A A C C A G A A T G C C A G A A T C T T A G T G A G A A T T C A T G T C C A C C T T C A G A A G T A T C T C A T A  [ 693]

DEMKT1 C T C A C A G C C C A A T A A A G C C A A G A G A T T A C C A A C T A G A G C T T G C T T T G C C T G C T A A G A A C G G A A A A A A C A C A A T A A T A T G C G C T C C T A C T G G N N N N N N N N  [ 792]

BKT1 C T T A C A G T C C G A C A A A G C C A A G G A A T T A C C A A C T A G A G C T C A C T T T G C C T G C T A A G C A A G G A A G A A A C A C A A T A A T A T G T G C T C C T A C T G G T T G T G G G A  [ 792]

YUBFKT1 C C A A C A G C C C A A T G A A G C C A A G A A A T T A C C A A C T A G A G C T C G C T T T T C C T G C T T T A A A A G G G A A A A A C A C A A T A A T C T G C G C T C C T A C T G G T T G T G G A A  [ 792]

FBKT1 C T C A C A G C C C A A T G A A G C C A A G A G G T T A C C A A C T A G A G C T T G C T T T G C C T G C T A A G A A T G G A A A A A A C A C A A T A A T A T G T G C T C C T A C T G G T T G T G G A A  [ 792]

DEMKT1 N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N  [ 891]

BKT1 A A A C C T T T G T T T C A C T G C T T A T A T G T G A A C A T C A T C T T C A G A A A T T T C C A C A A G G A C A A A A G G G G A A G G T T G T G T T T T T T G C T A T T C A A C T T C C A G T G T  [ 891]

YUBFKT1 A A A C C T T T G T T G C A C T T C T C A T A T G T G A A C A A C A T C T T C A A A A T T T T C C A C A A G G A C A A A A G G G G A A G A T T G T G T T T T T T G C G A A T C A A C T C C C A G T G T  [ 891]

FBKT1 A A A C A T T T G T T T C A C T T C T T A T A T G T G A A C A T C A T C T T C A A A A A T T T C C A C A A G G A C A A A A A G G G A A G G T T G T G T T T T T T G C T G T T C A A A T T C C A G T G T  [ 891]

DEMKT1 N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N  [ 990]

BKT1 A T G A A C A G C A G A A A T C T G T G T T C T C A A A C T A T T T T G A G A G A C G T G G G T A C A A A G T T T C A G G C A T T T C T G G A G C C A C G T C T G A G A A G G T C T C A G T G G A G C  [ 990]

YUBFKT1 A T G A A C A G C A G A A A T C T G T G T T C T T A A A A C A T T T T G A A A G A C T T G G G T A C A A A G T T G G A G G C A T T T C T G G A G C A A C A T T T G A G A A T A T C T C A G T G G A A C  [ 990]

FBKT1 A T G A A C A G C A G A A A T C T G T G T T C T C A A A A T A T T T T G A A A G A C G C G G G T A C A A A G T T T C A G G C A T T T C T G G A G C A A C A G C T G A G A A T G T C T C C G T G G A A C  [ 990]

DEMKT1 N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N  [1089]

BKT1 A G A T T G T T G A G A A C A A T G A C A T C A T C A T C T T A A C T C C A C A G A T T C T T G T G A A C A G C C T T A A A A A T G G G A C T G T T C C A T C A C T C T C T G T C T T T A C T T T G A  [1089]

YUBFKT1 A G A T T G T G G A G A A C A A T G A C A T C G T C A T T T T A A C G C C A C A G A T T C T T G T G A A C A G C C T T A G A A A T G G G A C T G T T C C A T C A C T C T C T G T T T T T A C T T T G A  [1089]

FBKT1 A G A T T A T T G A G G A C N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N  [1089]

DEMKT1 N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N  [1188]

BKT1 T G A T A T T T G A T G A A T G C C A C A A C A C C A G T A A A C A C C A T C C T T A C A A T A T G A T C A T G T T T A A T T A T C T A G A T C A G A A A C T C G G A C G G T C T T C A G A C C C A C  [1188]

YUBFKT1 T G A T A T T T G A T G A A T G C C A C A A C A C C A G T A A A C G C C A T C C T T A C A A T G T G A T C A T G T T C A A T T A C C T A G A T C A G A A A C T T G G A A G A T C T T C A G A C C C A C  [1188]

FBKT1 N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N  [1188]

RIG-I knockdown site

start 

codon
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Comparison of RIG-I partial sequences from bat cell lines used in this study. 

Conserved nucleotides and targeted site for RIG-I mRNA knockdown among bat species 

are highlighted in yellow and blue, respectively. RIG-I partial sequences that have not 

been determined are denoted as N. 

 

  

DEMKT1 N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N  [1287]

BKT1 T G C C T C A G A T C G T T G G G C T G A C T G C C T C G G T C G G T G T T G G G G A T G C C A A A A G C A C A A C T G A A G C C A T G G A A T A T A T C T G C A A A C T G T G T G C G T C T C T T G  [1287]

YUBFKT1 T G C C C C A G G T T A T T G G G C T G A C T G C C T C A G T C G G C G T T G G G G A T G C C A A A A A C A C A G C C G A A G C C A C G G A A C A T A T C T G C A G G C T G T G T G C T T C T C T T G  [1287]

FBKT1 N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N  [1287]

DEMKT1 N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N  [1386]

BKT1 A C A T A T C A G T G A T A G C A A C A G T C A A A G A C A A C T T A G A G G A A C T G G A A G A A A T T G T T T A T A A G C C C C A G A A G T T T T T C A G G A A A G T G G A A T T A C G G A C T A  [1386]

YUBFKT1 A C A C A T C A G T G C T G G C A A C A G T C A A A G A C A A C T T G G A G G A A C T G G A G G A A A T T G T C T A T A A G C C C C A G A A G T A T T T C A G G A A A G T G G A G T C G C G G G C C A  [1386]

FBKT1 N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N T A A G C C C C A G A A G T T T T T C A G G A A A G T G G A A T C A C G G A C T A  [1386]

DEMKT1 N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N  [1485]

BKT1 A C G A C A G A T T T A A A T A T A T T A T C T C T C A G T T A A T G A G G G A G A C A G A G A G T C T G G C A A A G A G T G T C T T T G G C G A A C T G G G T A C C G T A A C T C T C G A A A A C T  [1485]

YUBFKT1 C C G A C A G A T T T A A A T G C A T C A T C T C T C A G C T G A T G A G G G A C A C A G A G A G T C T G G C A G A G A G C G T C T T T G G T G A A C T C G G G A C C G G A A G T C T C G A A A A C T  [1485]

FBKT1 C T G A C A G A T T T A A A T G C A T C A T C T C T C A G C T G A T G A A G G A G A C A G A G A G T C T A G C A A A G A G T A T C T T T G A C A A A C T T G G T A C C A T A A C T C T C G G A G A C T  [1485]

DEMKT1 N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N  [1584]

BKT1 T A T C T G A A A T T C A A A A C A G G A A T T T T G G A A C A C A G A A A T A C G A A C A A T G G A T T G T T G C A G T T C A G A A A A A G T G C A T G G T G T T A C A C A T G G C A G A C A A A G  [1584]

YUBFKT1 T A T C T C A G A T T C A A A A C A G G A A T T T T G G A A C T C A G A A A T A T G A A C A G T G G A T C G T T A C A G T T C A G A A G A A G T G C A A G C T G T T A C A G A T G C C A G A C A A A G  [1584]

FBKT1 T C T C T C A A A T T C A A A A C A G G A A T T T T G G C A C A C A G A A A T A T G A A C A G T G G A T T G T T G C A G T T C A G A A A A A G T G C A T G G T G T T A A A G A T G C C A G A T A A A G  [1584]

DEMKT1 N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N  [1683]

BKT1 A T G A A G A G A G C A G G A T T T G T A A A G C A C T G T T T T T G T A C A C T T C A C A T T T G C G G A A A T T G A A T G A T G C C C T C G T T A T C A A T G A G C A T G C G C G G A T G A A A G  [1683]

YUBFKT1 A C A A A G A G A G C A G G A T T T G T A A A G C A C T G T T C T T G T A C A C T T C A C A T T T G C G G A A A T T T A A T G A T G C C C T C A T T A T C A A T G A G G A C G C G C G G A C G A A A G  [1683]

FBKT1 A T G A A G A G A G C A G A A T T T G T A A A G C A C T G T T T T T G T A C A C T T C A C A T T T G C G G A A A T T T A A T G A T G C C C T C A T C A T C A G T G A G C A T G C A C G G A T G A A A G  [1683]

DEMKT1 N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N  [1782]

BKT1 A T G C G C T G G A T T A C T T G A A A G A C T T C T T C A C T A A T G T C C G A T C A G C A G G A T T T G A T G A G A T A G A G C A A G A T C T T A C T C G G A G A T T T G A A G A A A A G T T G C  [1782]

YUBFKT1 A T G C T C T G G A T T A C T T G A A A A A C T T C T T C A G T A A T G T C C G A G C A G C A G G A T T T G A T G A G A T T G A G C A G G A T C T C A C T C G G A G A T T T G A A G A A A A G C T G C  [1782]

FBKT1 A T G C T C T G G A T T A C T T G A A A G A C T T C T T C C G T A A T G T C C G A A C A G C A G G C T T T G A T G A G A C T G A G C A A G A T C T C A C T C G G A G A T T T G A A G A A A A G C T G C  [1782]

DEMKT1 N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N  [1881]

BKT1 A A G A A C T A G A A A G C A T T T C C A T G G A T C C C A G C A A T G A G A A T C C T G A A C T C A A A G A C C T C T G C T T C A T C T T G C A A G A G G A G T A C C A T T T T A A T C C G G A C A  [1881]

YUBFKT1 A A G A A T T A G A G A G C A T T T C C A A G G A T C C C A G C A A T G A G A A C C C T A A A C T C A A A G A C C T C T G C T T C A T C T T G C A A G A G G A G T A C C A C T A A A C C C G G A G A C  [1881]

FBKT1 A A G A A C T A G A A A G A A T T T C C A T G G A T C C C A G C A A C G A G A A C C C T A A A C T C A A A G A C C T C T G C T T C G T C T T G A A A G A G G A G T A C C A C T N N N N N N N N N N N N  [1881]

DEMKT1 N N N N N N N N  [1889]

BKT1 C T A G A A C C  [1889]

YUBFKT1 C A G A A C C N  [1889]

FBKT1 N N N N N N N N  [1889]
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DEMKT1 N N N N N N N N N N N G G A G A A C T T C T C C C T T T G C T G A G A A G G A A A G A T G C C G A A - - - - - - T T C C T C A G A C A A G A G G T T C C G A T A T C T C A T C T C G T G T T T C C G G  [ 99]

BKT1 C C A T C T A C T T G G G A G A A C C T C T C C C T T T T C T G A G A A G G A A A G A T G T C G A A G G G G T A T T C C T C A G A C A A G A G T T T C C G A T A T C T C A T C T C A T G C T T C C G G  [ 99]

YUBFKT1 N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N  [ 99]

FBKT1 N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N  [ 99]

DEMKT1 G C C A G A G T G A A A A T G T A C A T C C A G G T G G A G C C T G T A C T G G A C T A C C T A A C C T T T T T G T C T G C A G A C A T G A A G G A G C A G A T A C A G A G G A C G G C C A C C A C C  [198]

BKT1 G C C A G A G T G A A A A T G T A T A T C C A G G T G G G G C C T G T G C T G G A C T A C C T G G A C T T T C T G T C T G C A G A G G A G A A G G A G A A G A T T G A G A G G A C G G C C T T C A C C  [198]

YUBFKT1 N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N  [198]

FBKT1 N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N  [198]

DEMKT1 A T G G G G A A C A T T A G C G C A G C T G A A C A G C T C C T G A G C A C C T T G G A A A A G G G G G T C T G G T G C C C G G G C T G G A C T A G G G T G T T T G T G G A G G C C C T C C A G C G A  [297]

BKT1 C A C G G G G A A A T T C A C G G A G C T G A C T T G C T C C T C A G C A C T T T G G A G A A G G G G G T C T G G C C C C T G G G C T G G A C T A G G G T A T T T G T G G A A G C C C T C C A G C G A  [297]

YUBFKT1 N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N G G C T G G G C C A G G C T G T T T G T G G A G G C T C T G C G G A G G  [297]

FBKT1 N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N G G T C C C C G G G C T G G A C T A G G G T G T T T G T A G A G G C C C T C C A G C G A  [297]

DEMKT1 G C G G G C A G C C C C T T A G C T G C C C G C T A C G T G A A C C C C G A G C T C A C A G A C T T G C C T T C T C C A T C C T T T G A G A A C G C T C A T G A T G A G T G T C T C C A A C T A C T G  [396]

BKT1 A C A G G A A G C C C T T T A G C C G C C C G C T A C A T G A A T C C T G A G C T C A C A G A C T T G C C C T C T C C A T C C T T T G A G A A C A C G C A C G A T G A G T G T C T C C A A C T G C T G  [396]

YUBFKT1 G C G G G C A A C C C C C T G G C C G C G C G C T A C A T G A A C C C C G A G C T C A C G G A C C T G C C C T C G C C A T C C T C G G A G A A C G C C C A C G A C G A G T G T T T C C A G C T G C T G  [396]

FBKT1 G C A G G C A G C C C C T T A G C T G C C C G C T A C G T G A A C C C T G A G C T C A C A G A C T T G C C T T C T C C A T C C T T T G A G A A C G C T C A T G A T G A G T G T C T C C A A C T A C T G  [396]

DEMKT1 A A C C T C C T T C A G C C C A C C C T G G T G G A C A A G C T T C T G G T T A G A G A T G T C T T G G A T A A A T G T C T G G A G G A G G A A C T G T T G A C A A T T G A A G A N N N N N N N N N N  [495]

BKT1 A A C C T T T T T C A G C C C A C T C T G G T G G A C A A G C T T C T A G T T A G A G A T G T C T T G G A T A A A T G T G T G G C G G T G G A C C T G T T G A C A G T T G A A G A C A G A A A T C G G  [495]

YUBFKT1 A A C C T G C T G C A G C C C A C T C T G G T G G A C A A G C T T C T G G T C A G A G A T G T C T T G G A T A A G T G C C T G G A G G T G G A G C T G C T G A C C A C G G A A G A C A G G A A T C G G  [495]

FBKT1 A A C C T C C T T C A G C C C A C C C T G G T G G A C A A G C T T C T G G T T A G A G A T G T C T T G G A T A A A T G T C T G G A G G A G G A N N N N N N N N N N N N N N N N N N N N N N N N N N N N  [495]

DEMKT1 N N N G C T G C T G C A G A A A A T A G T G G A A A T G A A G C A G G T G T A A G A G A G C T A C T G A G A A G G A T C G T A C A G A A A G A A A A C T G G T T T T C T A C A T T T C T G A C T G T C  [594]

BKT1 A T T T C T G C T G C A G A A A A T A A T G G A A A T G A A G C A G G T G T A A G A G A G C T A C T G A G A A G G A T C G T T C A G A A A G A A A A C T G G T T T T C T A C A T T T G T G A C T G T T  [594]

YUBFKT1 A T T T C T G C T G C C G A A A A T A A T G G A A A T G A G G C A G G T G T T C G A G A G C T C C T G A G A A G G A T T G T G C A G A A A G A A A A C T G G T T T T C T G T G T T T G T G A C T G T T  [594]

FBKT1 N N N N N N N N N N N N N N N N N N N N N N N N N N N G A A G C A G G T G T A A G A G A G C T A C T G A G A A G G A T C G T G C A G A A A G A A A A C T G G T T T T C T A C A T T T C T G A C T G T C  [594]

DEMKT1 C T G A A G C A A A C A G G A A A C C A T G C G C T T G T C C G G G A G T T A A C T G G T G A C A G T G C C T C A G A G G G T G A T G C A G A A A C T G A A A A T T T A C C A C A A G A A G A T G G A  [693]

BKT1 C T G A G G C A A A C G G A A A A C G A T G C A C T T G C C C A A G A G T T A A C A G G C A C C A G T G C C T C T G A A A G C A A T G C A G A A A C T G A G A A T T T A T C A C A A G A A G A T G G T  [693]

YUBFKT1 T T G A G G G A A A C G G A A A A C G A A G C C C T G G C C C A G G A G T T A A C A G G C T C C A G C G C C C C C A A C A G C G G T G C A G A A A A T G A G A A T T T A T C A C A A G A A G A T G G T  [693]

FBKT1 C T G A A G C A A A C A G G A A A T G A T G C A C T T G T C C G G G A G T T A A C T G G C G A C A G T G C C T C G G A G G G C A A T G C A N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N  [693]

DEMKT1 C C T G A A G T T A A A G A G C C A C T T C T T C T A G C C A C A G A T C A G C C A A G T C C A G A G A A A C A G A G T C A G G A C A T G G A G A A T - - - T C A T T G G A A T C A T C T T T T G T G  [792]

BKT1 C C T G A A G T T A A A G A G C C A C T T C C T T T A G C C A C A G A T C A G C C A A G T C C A G A G A A A C G G G G C T T G G A C A T G G A G A A T A A T T C A C T G G A A T C A T C T T G T G T G  [792]

YUBFKT1 C T T G A A G T T A A A G A G C C A C T T C T T T T A G C C A C A G A T G A A C C A A A T C C A G A G A A A G A C G C C T G G G A C A T G C A A A A T A A C T C A G T G G A A T C A T C T T T T A C A  [792]

FBKT1 N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N  [792]

DEMKT1 G A T T C T T C T A T A G C T T C A G A A T C A G A C A C A A G T T T GG C A G A A G G A A G T G T C A G C T G C T T A G A T G A A A G N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N  [ 891]

BKT1 G A T T C T T C T A T A G C T T C A G A A T C A G A C A C A A G T T T GG C A G A A G G A A G T G T C A G C T G C T T A G A T G A A A G T C T T G G A C A T A A C A G C A A C A T G G G C A G T G A T  [ 891]

YUBFKT1 G A T T C T T C T G T A G T T T C A G A A T C A G A C A C A A G T T T GG C A G A A G G A A G T G T C A A C T G C T T A G A T G A A A G T C T T G T A C A T A A C A G C A A C A T G G G C A G T G A T  [ 891]

FBKT1 N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N  [ 891]

DEMKT1 N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N  [ 990]

BKT1 T C A G G C A C C A T G G G A A G T G A T T C A G A T G A A G A G A A C A T G G C A A A A A G T G C T T N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N  [ 990]

YUBFKT1 T C A G G C A C C A T G G G A A G T G A T T C A G A T G A A G A G A A A G T G G C A C A A A G A G C A T C C C C T G A N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N  [ 990]

FBKT1 N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N  [ 990]

DEMKT1 N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N  [1089]

BKT1 N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N  [1089]

YUBFKT1 N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N  [1089]

FBKT1 N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N  [1089]

DEMKT1 N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N  [1188]

BKT1 N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N  [1188]

YUBFKT1 N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N  [1188]

FBKT1 N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N  [1188]

MDA5 knockdown site

start

codon
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Comparison of MDA5 partial sequences from bat cell lines used in this study. 

Conserved nucleotides and targeted site for MDA5 mRNA knockdown among bat species 

are highlighted in yellow and blue, respectively. MDA5 partial sequences that have not 

been determined are denoted as N. 

DEMKT1 N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N  [1485]

BKT1 N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N  [1485]

YUBFKT1 N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N  [1485]

FBKT1 N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N  [1485]

DEMKT1 N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N  [1584]

BKT1 N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N  [1584]

YUBFKT1 N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N  [1584]

FBKT1 N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N  [1584]

DEMKT1 N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N  [1683]

BKT1 N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N  [1683]

YUBFKT1 N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N  [1683]

FBKT1 N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N  [1683]

DEMKT1 N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N  [1782]

BKT1 N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N G C C T A A T G A G T A C A A T G C A C G A T T T T G G A A C T C A A C C C T A T G A A C A A  [1782]

YUBFKT1 N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N G C C A A A T G A A T A C A A T G T C A G A T T T T G G A A C T C A G T C C T A T G A A C A A  [1782]

FBKT1 N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N G C C T A A T G A G T A C A A T G C A C G A T T T T G G A A C T C A A C C N N N N N N N N N N  [1782]

DEMKT1 N N N N N N N N N N N N N N N N A A A A A A A A G C C G C A A A A G A A G G A A A T C G C A A A G A C C G G C T T T G T G C A G A A C A T T T G A G G A A G T A C A A T G A G G C T C T A C A A A T T  [1881]

BKT1 T G G G C C A T T C A A G T T G A A A A A C A A G C T G C C A G A G A A G G A A A T C G C A A A G A C C G T C T T T G T G C A G A A C A T T T A A G G A A G T A C A A T G A G G C C C T A C A A A T T  [1881]

YUBFKT1 T G G G C C A T T T A A A T G G A A A A A A A A G C T G C A A A A G A A G G A A A T C G C A A A G A C C G T C T T T G T G C A G A A C A T T T G A G G A A G T A C A A T G A G G C C C T G C A A A T T  [1881]

FBKT1 N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N  [1881]

DEMKT1 A A T G A C A C A A T T C G A A T G A T T G A T G C A T A T A A T C A C C T T G A A A C T T T T T A T A A T G A T G A A A A A G A A A A G A A G T T T A C A G T C C T A G A A G A T G A T A G T G A T  [1980]

BKT1 A A T G A C A C A A T C C G A A T G A T T G A T G C A T A T A A T C A C C T C A A A A C T T T C T A T A A T G A T G A A A A A G A A A A G A A G T T C G C A A T C C T A G A T G A T G A T A G T G A T  [1980]

YUBFKT1 A A T G A C A C G A T C C G A A T G A T C G A T G C C T A T A A C C A C C T T G A A A C C T T C T A T A A T G A C G A G A A A G A A A A G A A G T T T G C A G T C C T A T A T G A - - - - - - C A G T  [1980]

FBKT1 N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N  [1980]

DEMKT1 G A T A G T G A T G A T G A T G G T G G T G A T G G T G A T G A A G A T A A A G A T A A T G A A A A G A A A C C T T T G A A A T T G T A T G A G A C A G A T A G A T T T C T C A T T A G T T T A T T T  [2079]

BKT1 G A C A G T G G T G A C G A C G G T G G T A A T G G T G A T A A A G A T G A G G A T G A T G G A A A G A A A C C T T T G A A A C T G G A T G G G A C A G A T A G A T T T C T C A T G A C T T T A T T T  [2079]

YUBFKT1 G A T G A G A G T G G G G A C G A T G G T G A T G A A G G T G A A G A T G A A G A T G A A G G A A A G A A A C C T T T G A A A C T G G A T G A T A C A G A T A C A T T C C T C A T G G C T T T A T T T  [2079]

FBKT1 N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N  [2079]

DEMKT1 T T T G A T A A C A A G A A G A T A T T G A A A A A G C T G G C T G A A A A C C T A G A A C A T G A A A A T G A A A A G C T G A C C A A A T T A A G A A A C A C C A T A A T G G A A C A A T A T A C G  [2178]

BKT1 T T C G A T A A C A A G A A A A T G T T G A A A A A G C T G G C T G A A A A C C C A G A A C A T G A A A A T G A A A A G C T G A T C A A A T T A A G A A A C A C A A T A A T G G A A C A A T A T A C A  [2178]

YUBFKT1 T T T G A T A A C A A G G A T A T G T T G A A G A A A C T G G C T G A A A A C C C A G A A T A T G A A C A T G A A A A G C T G A C C A A A T T A A G A A A T A C C A T A A T G G A A C A A T A T T C A  [2178]

FBKT1 N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N A A C A C C A T A A T G G A A C A A T A T A C A  [2178]

DEMKT1 A G A A C T G C G G A A G C A G C A A G G G G A A T A A T T T T C A C A A A A A C A C G A C A G A G T G C A T A T G C C C T T T C T C A G T G G A T T A C T G A A A A T G A A A A A T T T G C A G A A  [2277]

BKT1 A G A A C G G C G G A A T C G G C A A G A G G A A T A A T T T T C A C G A A A A C A C G G C A G A G T G C A T A T G C T C T T T G C C A G T G G A T T A C C G A C A A T G A A A A A T T T G C A G A A  [2277]

YUBFKT1 A G G A C T G C A G G A A C A G C A A G A G G A A T A A T T T T C A C A A A A A C A C G A C A G A G T G C A T A T G C C C T T T C C C A G T G G A T T A T T G A A A A T G A A A A A T T T G C A G A A  [2277]

FBKT1 A G A A C T G C G G A A G C A G C A A G G G G A A T A A T T T T C A C A A A A A C A C G A C A G A G T G C A T A C G C C C T T T C T C A G T G G A T T A C C G A A A A T G A A A A A T T T G C A G A A  [2277]

DEMKT1 G T A G G G G T C A A A G C C C A T C A T C T G A T T G G A G C T G G A C A C A G C A G T G A G T T C A A G C C C A T G A C A C A G A A T G A A C A A A A A G A A G T C A T T A G T A A G T T T C G C  [2376]

BKT1 G T A G G C G T C A A A G C C C A C C A T C T G A T T G G A G C T G G A C A C A G C A G T G A G T T C A A G C C C A T G A C C C A G A A T G A A C A A A A A G A A G T C A T T A G T A A A T T T C G C  [2376]

YUBFKT1 G T A G G A G T C A A A G C G C A C C A C C T G A T T G G A G C T G G G C A C A G C A G T G A G T T C A A G C C C A T G A C A C A G A A T G A A C A A A A A G A A G T C A T T A G T A A A T T T C G C  [2376]

FBKT1 G T A G G A G T C A A A G C C C A C C A T C T G A T T G G A G C T G G A C A C A G C A G T G A G T T C A A G C C C A T G A C A C A G A A T G A A C A A A A A G A A G T C A T T A G T A A A T T T C G C  [2376]

DEMKT1 A C A G G A A A A A T A A A T C T G C T T A T C G C T A C C A C A G T G G C A G A A G A A G G T C T N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N  [2475]

BKT1 A C A G G A A A A A T A A A T C T G C T T A T T G C T A C C A C A G T G G C A G A A G A A G G T C T G G A T A T T A A A G A A T G T A A T A T C A T T A T T C G T T A T G G T C T C G T C A C T A A T  [2475]

YUBFKT1 A C A G G A A A A A T A A A T C T G C T T A T C G C T A C C A C A G T G G C A G A A G A A G G T C T G G N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N G T C A C T A A T  [2475]

FBKT1 A C A G G A A A A A T A A A T C T G C T T A T A G C T A C C A C A G T G G C A G A A G A A G G T C T G G A T A T T A A A G A G T G T A A T A T C A T T A T T C G C T A T G G T C T C G T C A C T A A T  [2475]

DEMKT1 N N N N N N N N N N N N N N N N N N N N C C G C G G T C G A A C C A G A G C C G A T G A G A G C A C C T A C G T C C T G G T T G C C C A C A G C G G C T C G G G A G T T G T T G A A C G T G A G A C N  [2574]

BKT1 G A A A T A N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N  [2574]

YUBFKT1 G A A A T A G C C A T G G T C C A G G C N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N A  [2574]

FBKT1 G A A A T A G C C A T G A T C C A G G C C C G T G G T C G A G C C A G A G C T G A T G A G A G C A C C T A C G T C C T G G T T G C C T G C A G T G G C T C A G G A G T G G T T G A C C G T G A G A C A  [2574]

DEMKT1 N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N  [2673]

BKT1 N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N  [2673]

YUBFKT1 G T T A A T G A C T T C C G T G A G C A A A T G A T G T A T A A A G C T A T A G A C C G T G T T C A A A A C A T G A A T C C A G A G G A G T A T G C T C A T A A G A T T T T G G A A T T A C A G A T G  [2673]

FBKT1 G T T A A T G A T T T C C G A G T G A A A A T G A T G T A T A A A G C T A T A G C C C G T G T T C A A A A T A T G A A A C C A G A G G A G T A T G C T C A T A A G A T T T T G G A A T T A C A G A T G  [2673]

DEMKT1 N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N  [2769]

BKT1 N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N  [2769]

YUBFKT1 C A A A G T C T G A T G G A A A A G A A A A T G A A A A T T A A G A G A A G T A T C G C A A A G A A T T G C A A A G A A A A T C C A T C C T T G A T T A A T T T T C T C T G C A A G A A C T G C  [2769]

FBKT1 C A A A G T A T A A T G G A A A A G A A A A T G A A A A T C A A A A G A A G T A T T G C A A A G C A T T A C A A G G A A A A C C C A T C A T T A A T A A G T T T C C T C T G C A A A A A T T G C  [2769]
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Figure 1-8 

 

 
 
Phylogenetic analysis of isolate EMCV NIID-NU1 based on the complete ORF of 

6879 nt. A phylogenetic tree was constructed using MEGA7 software. Mengovirus 

served as an outgroup. Bootstrap values obtained from 1,000 replicates are shown at the 

major nodes. The isolate identified in this study is indicated with a solid dot. 
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Figure 1-9 

 
Viral genome titers in bats and non-bat cell lines. The cell lines were infected by 

EMCV and JEV with a multiplicity of infection (MOI) of 1.0; and PRV with a MOI of 

0.1. Viral genome of EMCV (a), JEV (b), and PRV (c) was measured 1-day post-infection 

(mean ± SD, n = 3). Viral genome titer is expressed as: x109 copy numbers/µg total RNA 

for EMCV and JEV; and x106 copy numbers/µg total RNA for PRV.	Differences between 

cell lines were analyzed by one-way ANOVA, followed by Tukey’s test. Values that do 

not share a common letter are significantly different (p<0.05).  
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Figure 1-10 
 

 
 
Cytopathic effect (CPE) after EMCV infection. EMCV infection caused total 

destruction CPE in non-bat cell lines (HEK293T and BHK-21) and one bat cell line 

(FBKT1) in 1-day post infection (dpi). The CPE after EMCV infection was delayed to 4 

dpi in BKT and 7 dpi in DEMKT1, and YUBFKT1. The total destruction CPE after 

EMCV infection is indicated by arrow.    
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Figure 1-11 
 

 
 

Cell growth after EMCV infection. Live cell numbers in HEK293T (a), BHK-21 (b), 

FBKT1 (c), BKT1 (d), DEMKT1 (e), and YUBFKT1 (f) after EMCV infection at 

multiplicity of infection (MOI) of 1.0 and 0.01 until 7 days post infection (dpi) (mean ± 

SD, n = 3). Live cell numbers are expressed as x105 cells/mm3.Differences between cell 

lines were analyzed by one-way ANOVA, followed by Tukey’s test. Values that do not 

share a common letter are significantly different (p<0.05). 
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Figure 1-12 
 

 
 
 

Cytopathic effect (CPE) after JEV infection. JEV infection caused total destruction 

CPE in non-bat cell lines (HEK293T and BHK-21) and one bat cell line (FBKT1) in 3 – 

5 days post infection (dpi). The CPE after JEV infection was delayed to 7 dpi in BKT1, 

DEMKT1, and YUBFKT1. The total destruction CPE after JEV infection is indicated by 

arrow.   
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Figure 1-13 
 

 
 
Cell growth after JEV infection. Live cell numbers in HEK293T (a), BHK-21 (b), 

FBKT1 (c), BKT1 (d), DEMKT1 (e), and YUBFKT1 (f) after JEV infection at 

multiplicity of infection (MOI) of 1.0 and 0.01 until 7 days post infection (dpi) (mean ± 

SD, n = 3). Live cell numbers are expressed as x105 cells/mm3. Differences between cell 

lines were analyzed by one-way ANOVA, followed by Tukey’s test. Values that do not 

share a common letter are significantly different (p<0.05). 
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Figure 1-14 
 

 
 

Cytopathic effect (CPE) after PRV infection. JEV infection caused fast syncytial CPE 

in non-bat cell lines (HEK293T and BHK-21) and one bat cell line (FBKT1) in 1 – 2 days 

post infection (dpi). The CPE was delayed to 4 – 7 dpi in BKT1, DEMKT1, and 

YUBFKT1 but not syncytial CPE was observed in DEMKT1 and YUBFKT1. The 

syncytial CPE after PRV infection is indicated by arrow.    
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Figure 1-15 
 

 
 

Cell growth after PRV infection. Live cell numbers in HEK293T (a), BHK-21 (b), 

FBKT1 (c), BKT1 (d), DEMKT1 (e), and YUBFKT1 (f) after PRV infection at 

multiplicity of infection (MOI) of 0.1 and 0.001 until 7 days post infection (dpi) (mean ± 

SD, n = 3). Differences between cell lines were analyzed by one-way ANOVA, followed 

by Tukey’s test. Values that do not share a common letter are significantly different 

(p<0.05). 

(c) FBKT1 (Ryukyu flying foxes) (d) BKT1 (Greater horseshoe bats)

(e) DEMKT1 (Lechenault’s rousette) (f) YUBFKT1 (Eastern-bent wing bats)

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6

1.8

2.0

Day 0 Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6

1.8

2.0

Day 0 Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7
0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6

1.8

2.0

Day 0 Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6

Day 0 Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7

0.0
0.2
0.4
0.6
0.8
1.0
1.2
1.4
1.6
1.8
2.0

Day 0 Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7

(a) HEK293T (Human)

0.0
0.2
0.4

0.6
0.8
1.0
1.2
1.4
1.6
1.8

2.0

Day 0 Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7

(b) BHK-21 (Syrian hamster)

a

a a a

a

a
a 

b

b
b b

b
b b b

a

a a a

a

a
a

b
b

b
b

b b b

a

a

a
a a

a

a

b

c

b

c

c

b
b

c b

b b

a

a a

a 

a

b a

b

b

b
b

a

a

a

ab

b

b

c

b

a a

b

a

a
a

b

b

c

c

Li
ve

 c
el

l n
um

be
rs

Post PRV infection Post PRV infection

Li
ve

 c
el

l n
um

be
rs

Li
ve

 c
el

l n
um

be
rs

Li
ve

 c
el

l n
um

be
rs

Post PRV infection Post PRV infection

Post PRV infection

Li
ve

 c
el

l n
um

be
rs

Post PRV infection

Li
ve

 c
el

l n
um

be
rs

Not infected                    PRV-infected (0.1 MOI) PRV-infected (0.001 MOI)



 48 

Figure 1-16 
 

 
Continue… 
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Continued… 
 

 
 
The basal expression level of pattern recognition receptors and interferons. The 

basal expression level of TLR3, RIG-I, and MDA5 (a); IFN-b (b); and IFN-λ1 was 

measured in bat cell lines (BKT1, DEMKT1, YUBFKT1, and FBKT1) and non-bat cell 

lines (HEK293T and BHK-21) (mean ± SD, n = 3). Basal expression level of IFN-b for 

BHK-21 and IFN-λ1 for BHK-21, BKT1 and DEMKT1 could not be measured. 

Differences between cell lines were analyzed by one-way ANOVA, followed by Tukey’s 

test. Values that do not share a common letter are significantly different (p<0.05). 
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Figure 1-17 
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Continued… 
 

 
 
 

The expression level of pattern recognition receptors after viral infection. The 

expression of TLR3 (a), RIG-I (b), and MDA5 (c) were measured in bat cell lines (BKT1, 

DEMKT1, YUBFKT1, and FBKT1) and non-bat cell lines (HEK293T and BHK-21) after 

viral infection of EMCV (MOI of 1.0), JEV (MOI of 1.0), and PRV (MOI of 0.1) at 1-

day post infection (mean ± SD, n = 3). *p < 0.01 vs Not infected, **p < 0.001 vs Not 

infected.  
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Figure 1-18 
 

 
 
The expression level of interferons after viral infection. The expression of IFN-b (a), 

and IFN-λ1 (b) were measured in bat and non-bat cell lines after viral infection of EMCV 

(MOI of 1.0), JEV (MOI of 1.0), and PRV (MOI of 0.1) at 1-day post infection (mean ± 

SD, n = 3).  *p < 0.01 vs Not infected, **p < 0.001 vs Not infected.  
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Figure 1-19 
 
 

  
 
The expression level of TNF-α after viral infection. The expression of TNF-α were 

measured in bat cell lines (BKT1, DEMKT1, YUBFKT1, and FBKT1) and non-bat cell 

lines (HEK293T and BHK-21) after viral infection of EMCV (MOI of 1.0), JEV (MOI 

of 1.0), and PRV (MOI of 0.1) at 1-day post infection (mean ± SD, n = 3). Expression 

level is expressed as fold change than not infected (mock).  *p < 0.01 vs Not infected, 

**p < 0.001 vs Not infected. 
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Figure 1-20 
 

 
 
 

Knockdown of TNF-α in HEK293T. The expression of TNF-α (a) were significantly 

reduced after knockdown of TNF-α mRNA in HEK293T. The viral genome titer of PRV 

(b) and EMCV (c) 12 hours after viral infection was not significantly different between 

cells knocked down for TNF-α	and cells without gene knockdown (mean ± SD, n = 3). 

*p < 0.05 vs No knockdown. NS: Not significant 
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Figure 1-21 
 

 
 
 
 
 
Continue… 
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Continued… 
 
 

 
 
 
Knockdown of TNF-α in HEK293T. The syncytial and total destruction CPE was 

appeared 12 hours post PRV and EMCV infection, respectively (a). No significant 

difference of live cell numbers between cells knocked down for TNF-α	and cells without 

gene knockdown (mean ± SD, n = 3) (b).	NS: Not significant. 
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Tables 

Table 1-1. Nucleotides partial sequences identity of renal marker (AQP1 and MUC-

1) from cell lines used in this study. Multiple sequence alignment with available AQP1 

and MUC-1 sequences available from the GenBank nucleotide database was completed 

using the Clustal X program. 

 
Cell lines/species 

origin 
Gene Nucleotides 

(bp)  Nucleotides identity (*) 
P.alecto  R.aegypticus  M.natalensis  M.auratus  H.sapiens  

 
FBKT1/ 
P.dasymallus AQP1 436 99.87% 93.53% 91.10% 86.54% 90.07% 
 
DEMKT1/ 
R.leschenaultii AQP1 309 93.24% 99.33% 87.16% 83.45% 87.50% 
 
YUBFKT1/ 
M.fuliginosus AQP1 437 90.55% 87.48% 99.58% 85.27% 86.87% 
 
BKT1/ 
R.ferrumeguinum AQP1 339 91.93% 90.99% 89.94% 87.32% 89.06% 
 
BHK-21/ 
M.auratus AQP1 361 85.48% 83.92% 72.55% 100% 88.37% 
 
HEK293T/ 
H.sapiens 

MUC-
1 571 85.90% 82.81% 84.58% 84.70% 100% 
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Table 1-2 Primers used in this study. 

Gene Cells  Primers sequence (5’→ 3’) Application 
Aqp1 FBKT1, DEMKT1, 

YUBFKT1, BHK-21, 
HEK293T 

F ATGGCCAGYGARTTCAAGAA Cell marker 
amplification  R ATGGCCAGYGARTTCAAGAA 

 BKT1 F ATGGCCAGCGAGTTCAAGAA  
  R AGCTGCAGGGTGCCAATTAT  
MUC1 FBKT1, BKT1, 

DEMKT1, 
YUBFKT1 

F TYTKAACCTYCMRTTYAACTC Cell marker 
amplification R ACTCGCTCATAGGATGGTAG 

BHK-21, HEK293T F TGGAAGATCCCAGCWCCRAC 
R CTACAAGTTGGCMGAAGTGG 

TLR3 BKT1 F GYTACTYTRATTMTCTCYRC Partial 
sequence 
cloning 

 R ARYTCGATGCACTRAAACRT 
 YUBFKT1 F GYTACTYTRATTMTCTCYRC 
  R CGTTCTTTCTGAASTGGCCA 
  F TTAGGAACTCAGCTCCAACTG qPCR 
  R ACACCCTGGAGAGAACTCTT  
 FBKT1 F TTAGGAACTCAGCTCCAACTG  
  R ACACCCTGGAGAGAACTCTT  
 BKT1 F CCAGCTTTCCAGAACCTGAGT  
  R TGAGGCGGAGTATTACAGAGGTA  
 DEMKT1 F CCGAAGAGTGGCCCTTCAAA  
  R GTGTTTCCAGAGGCGAGCTA  
 HEK293T F CACCATTCCAGCCTCTTCGT  
  R CAGGGTTTGCGTGTTTCCAG  
 BHK-21 F GAGCCAGAACTGTGCCAAAC  
  R GGTCCCTGCAGAAGACGAAA  
RIG-I DEMKT1 F CTCTGTGCTGGAACCATTTT Partial 

sequence 
cloning 

  R TCCCTCATCAGCTGAGAGAT 
 BKT1 F TGCTTTTAARGCGTTTGCAR 
  R TCTTTAAAGCATCCACAAGT 
 FBKT1 F TGCTTTTAARGCGTTTGCAR 
  R TCTTTAAAGCATCCACAAGT 
 YUBFKT1 F AGCGGCGGAACCTGCTGGCC 
  R TCTTTAAAGCATCCACAAGT 
 BKT1 F CTCTGTGCTGGAACCATTTT qPCR 
  R TCCCTCATCAGCTGAGAGAT  
 YUBFKT1 F TGCTTTTAARGCGTTTGCAR  
  R TCTTTAAAGCATCCACAAGT  
 DEMKT1, FBKT1 F TGCTTTTAARGCGTTTGCAR  
  R TCTTTAAAGCATCCACAAGT  
 HEK293T F AGCGGCGGAACCTGCTGGCC  
  R TCTTTAAAGCATCCACAAGT  
 BHK-21 F GCATGCGCGGATGAAAGATG  
  R GCTGGGATCCATGGAAATGC  
MDA5 DEMKT1 F GAGAACAGMMRCCTGTCC Partial 

sequence 
cloning 

  R ACCAGGACGTAGGTGCTYTCAT 
 BKT1 F GAGAACAGMMRCCTGACC 
  R ACCAGGACGTAGGTGCTYTCAT 
 YUBFKT1 F TGAAAAKGTAYATCCAGGT  
  R ACCAGGACGTAGGTGCTYTCAT  
  R TCACCATTTGTTTGATAGTC  
 FBKT1 F TGAAAAKGTAYATCCAGGT  
  R TGTYTCCARCTRCTGAACCT  
  R TCACCATTTGTTTGATAGTC  
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Gene Cells  Primers sequence (5’→ 3’) Application 
 YUBFKT1, 

DEMKT1 
F TCTGATTGGAGCTGGACACA qPCR 

 R CCACTGTGGTAGCGATAAGCA  
 BKT1 F GCGGAATCGGCAAGAGGAAT  
  R GGTGCGCTTTGACTCCTACT  
 FBKT1 F GTGGCAGAAGAAGGTCTGGAT  
  R CCAGGACGTAGGTGCTCTCA  
 HEK293T F GAGCAACTTCTTTCAACCACAG  
  R CACTTCCTTCTGCCAAACTTG  
 BHK-21 F TGGTGTGCAGCTGTCAGATT  
  R ATCTGCGGCAGGTGAACTAC  
IFN-𝛃 BKT1 F AACCACAGCAGTTCCAGAAG qPCR 
  R ATGGTCTCATTCCAGCCAGTG  
 FBKT1 F TCCCTGCGGAGATTAAACAACC  
  R ATGGTTTCATTCCAGCCAGTG  
 DEMKT1,  F TCCCTGCGGAGATTAAACAACC  
  R ATGGTCTCATTCCAGCCAGTG  
 YUBFKT1 F AGAAGGAGAAAGCCGTGCTG  
  R ATGGTCTCATTCCAGCCAGTG  
 HEK293T F CTTGGATTCCTACAAAGAAGCAGC  
  R TCCTCCTTCTGGAACTGCTGCA  
IFN-ℷ1 FBKT1 F GCCCCAAAGAAAGTGTCTCAAG qPCR 
  R GGCGGAAGAGGTGAATGTG  
 YUBFKT1 F GACTGTGGCTGACTCATCCC  
  R TGCTGTGGGCTGAGTTGAAA  
 HEK293T F GGACGCCTTGGAAGAGTCACT   
  R AGAAGCCTCAGGTCCCAATTC  
TNF-𝛼 BHK-21 F CTCCTGTCCGCCATCAAGAG qPCR 
  R AGTAGACCTGCCCGGATTCT  
 HEK293T F CTCCTGTCCGCCATCAAGAG  
  R AGATGATCTGACTGCCTGGG  
 FBKT1, BKT1 F CGACTGGCCTCCCACTAATC  
  R TCTAATGGCACCACCAGCTG  
 DEMKT1 F CAGCTGGTGGTGCCATTAGA  
  R TCCTGGTAGGAGTCAGCGAA  
 YUBFKT1 F GGCAGAACAAGATCGCCAAC  
  R CCTTGTCCTGGTAGGAAGCG  
GAPDH BKT1, DEMKT1, 

FBKT1, YUBFKT 
F TCACCAGGGCTGCTTTTAAC qPCR 

 R GTGCCTTTGAACTTGCCATG  
 HEK293T F GTCTCCTCTGACTTCAACAGCG  
  R ACCACCCTGTTGCTGTAGCCAA  
 BHK-21 F GAAGGTCGGAGTGAACGGAT  
  R CTCAGCCTTGACTGTGCCTT  
EMCV  F ATTCCACCTCCTCAGACAAGA qPCR 
  R AGCTAGCAATGGAAGCATAT  
JEV  F TCGCCCATCACCAGTGCGAG  
  R CAAGTGGATGTTATCGG  
PRV  F TTG GAT CGA ATG GTG CTG CT  
  R TCG GGA GCA ACA CCT TTC TC  
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Table 1-3. Primers used for the amplification of the nearly complete genome of the 

NIID-NU1 strain of encephalomyocarditis virus (EMCV). EMCV-specific primers 

were designed based on complete genome of the GS01 strain (KJ524643.1). DNA 

fragments corresponding to EMCV NIID-NU1 were amplified and the amplicons were 

sequenced. 

 
Primer name Primer sequence (5' → 3') Position (*) Amplified 

fragment (bp) 
EMCV-P1 F TGAATGTCGTGAAGGAAGCAGT 337-349 315 bp 
EMCV-P1 R ACCTCGACTAAACACATGT 633-651 

 

EMCV-P2 F AYTRKHTGGRATCTRATCTGGGG 592-614 1189 bp 
EMCV-P2 R ACDGCWATSACCARDGTCCA 1761-1780 

 

EMCV-P3 F AARGGNCCDTTYGCYATGG 1611-1629 1278 bp 
EMCV-P3 R NGTYTYYTCATTYCSRTTBCCC 2867-2888 

 

EMCV-P4 F AGAACCAAACGAAGGTGGCT 2671-2690 1065 bp 
EMCV-P4 R TCTGAACCAGGGGCAGTCTA 3716-3735 

 

EMCV-P5 F SGYYTRACNGARATYTGGGGVAA 2850-2872 1194 bp 
EMCV-P5 R GCATCACTGCTATHGTCATNCC   4122-4143 

 

EMCV-P6 F CAACGAGGACGCCCRAAARG 3983-4002 845 bp 
EMCV-P6 R AGCCATCAGGATTTTGCCCT 4808-4827 

 

EMCV-P7 F CARYTGATWGCMCCCATGACDAT 4110-4132 710 bp 
EMCV-P7 R GGATTYTGBCCYARATCRTCC 4799-4819 

 

EMCV-P8 F AGTCAGGTTATTGCCCAGGC 4683-4702 1859 bp 
EMCV-P8 R GAGGTGTTCYTRTCCATRGG 6522-6541 

 

EMCV-P9 F TTCTGCAATGTTGTGTGCTGC  5420-5440 820 bp 
EMCV-P9 R CCCATCTGGCAATCTCTCGA 6220-6239 

 

EMCV-P10 F TGWRGTRGCHTTYTCMAARCA 6362-6382 1341 bp 
EMCV-P10 R TACTACTCTRGWYTATCTTG 7683-7702 

 

oligo-d(T) 
Anchor primer 

GACCACGCGTATCGATGTCGACTT
TTTTTTTTTTTTTTV   

 GCAAAGACAGGATATAAGAT 7269-7288 449 bp 

Anchor primer GACCACGCGTATCGATGTCGAC     
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Table 1.4. Encephalomyocarditis virus isolates used in this study. Multiple sequence 

alignment based on ORFs and other strains available from the GenBank nucleotide 

database was completed using the Clustal X program. 

  
Virus designation  
(Accession 
number) 

Group Geographic 
origin 

Host species Nucleotides 
identitiy 

Amino acid 
identity 

EMCV-HB10  
(JQ864080.1) 

1A China Pig 99.75% 99.56% 

EMCV-GS01  
(KJ524643.1) 

1A China Pig 99.75% 99.69% 

EMCV-GX0601  
(FJ604852.1) 

1A China Pig 99.74% 99.48% 

EMCV-GXLC  
(FJ897755.1) 

1A China Pig 99.59% 99.17% 

EMCV-CBNU  
(DQ517424.1) 

1A South Korea Pig 99.77% 99.61% 

EMCV-K3  
(EU780148.1) 

1A South Korea Pig 99.59% 99.30% 

EMCV-K11  
(EU780149.1) 

1A South Korea Pig 99.59% 99.17% 

EMCV-ZM  
(KF598864.1) 

1A China Pig 99.48% 99.21% 

EMCV BEL-
2887A/91  
(AF356822.1) 

1A Belgium Pig 99.75% 99.61% 

EMCV-C15  
(KU664327.1) 

1A China Dog 99.62% 99.48% 

EMCV-PV21  
(X74312.1) 

1A Germany Pig 99.59% 99.52% 

EMCV pEC9  
(DQ288856.1) 

1A USA Pig 99.64% 99.43% 

EMC-R  
(M81861.1) 

1A USA Chimpanzee 99.49% 99% 

EMCV-30   
(AY296731.1) 

1A USA Pig 84.35% 96.42% 

EMC-B   
(M22457.1) 

1B USA Pig 82.43% 95.64% 

EMC-D  
(M22458.1) 

1B USA Pig 82.46% 95.81% 

EMCV D-variant  
(M37588.1) 

1B Panama Pig 82.57% 95.90% 

EMCV-PV2  
(X87335.1) 

1B Germany Pig 82.54% 95.90% 

Mengo virus  
(DQ294633.1) 

  USA Mouse 80.07% 93.63% 
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Chapter 2: Functional analysis of 

pattern recognition receptors in 

bat cell line post-viral infection 
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Introduction 
   

Chapter 1 has revealed that most bat cell lines had a lower viral replication of 

EMCV, JEV, and PRV with a different IFNs response than non-bat cell lines. The higher 

IFNs response might be caused by the higher stimulation from pattern recognition 

receptors. The main viral RNA sensors (TLR3, RIG-I, and MDA5) and IFN-β have been 

characterized in 18, 13, 12, and 13 bat species, respectively and are highly conserved than 

other mammalian species [81–85]. Similar activity of IFNs between bats and other 

mammalian species is confirmed by up-regulation of some interferon-stimulated genes 

(ISGs), such as ISG 54 and 56 after treatment with human IFNs in bat cell lines [42, 63]. 

It suggests that pattern recognition receptors and IFNs in bats have a similar function as 

other mammalian species. The different innate immune response that was observed in 

Chapter 1 is probably caused by the higher expression of pattern recognition receptors 

and IFNs, not by different activity of pattern recognition receptors and IFNs between bats 

and other mammals.  

Previous study by Li et al. [82] and Cowled et al. [85] showed that RIG-I and 

TLR3 was constitutively expressed in horseshoe bats (Rhinolophus sinicus and 

Rhinolophus affinis) and the black flying foxes (Pteropus alecto), respectively. However, 

the significance of these highly expressed pattern recognition receptors for antiviral 

response has not been elucidated. To confirm the role of pattern recognition receptors in 

stimulating IFNs response as antiviral response in bat cell lines, the author performed 

gene knockdown of TLR3, RIG-I, and MDA5 mRNA. By lowering the expression of 

pattern recognition receptors, there will be insufficient signal for IFN production and 

supposedly increase viral replication in bat cell lines. 
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Materials and Methods 
 
Cells and viruses 

DEMKT1 (Leschenault’s rousette, Rousettus leschenaultii, kidney), BKT1 

(Greater horseshoe bat, Rhinolophus ferrumequinum, kidney), and YUBFKT1 (Eastern 

bent-wing bats, Miniopterus fuliginosus, kidney) cell lines were maintained in 

Dulbecco’s modified eagle medium (DMEM; Nissui, Tokyo, Japan) supplemented with 

10% fetal bovine serum (FBS; HyClone, Logan, USA), 2% L-Glutamine (Sigma, 

Milwaukee, Wisconsin, USA), 0.14% Sodium hydrogen carbonate (NaHCO3; Sigma, 

Milwaukee, USA), and penicillin-streptomycin (Meiji, Tokyo, Japan) at final 

concentration of 100 U/mL (penicillin) and 0.1 µg/mL (streptomycin).  

The viruses used in this study, encephalomyocarditis virus (EMCV, strain NIID-

NU1), the Japanese encephalitis virus (JEV, JEV/sw/Chiba/88/2002), and the pteropine 

orthoreovirus (PRV, Garut-50) was previously isolated from swine for JEV [66] and large 

flying fox (Pteropus vampyrus) for PRV. Both EMCV and JEV were propagated in BHK-

21 cells, while the PRV was propagated in Vero 9013 cells (JCRB number; JCRB9013). 

 

Knockdown of Pattern Recognition Receptors in bat cell lines 

Phosphorothioate antisense RNA oligonucleotide (s-oligo) were synthesized 

using the consensus sequences of TLR3, RIG-I, and MDA5 genes of three bats species 

(R. ferrumequinum, M. fuliginosus, and R. leschenaultii) (Figure 1-5, 1-6, and 1-7) at 

FASMAC Co., Ltd., Kanagawa, Japan. The sequence of s-oligo used in this study were 

as follows: TLR3, 5’-GCACAAUUCUGGCUCCAGUTT-3’; RIG-I, 5’-

AUCUGAGAAGGCAUUCAACTT-3’; and MDA5, 5’- 

UGACACUUCCUUCUGCCAATT-3’.  Bat cell lines (BKT1, DEMKT1, and 
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YUBFKT1) were transfected with the antisense RNA oligonucleotides (120 pmol) using 

polyethylenimine [68].  

The knockdown was verified by measuring the expression level of TLR3, RIG-I, 

and MDA5 by qRT-PCR. The knockdown cells were then infected with EMCV and JEV 

at the MOI of 1.0; and PRV at the MOI of 0.1. RNA extraction and first strand cDNA 

synthesis using 500 ng of total RNA were performed at 1-day post infection. The 

expression levels of TLR3, RIG-I, MDA5, IFN-b, and GAPDH genes; and viral genome 

titers were determined by qRT-PCR. The cell growth was measured using trypan blue 

dye exclusion test.   
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Result 

The knockdown of pattern recognition receptors (PRRs) was confirmed by qRT-

PCR in which only the expression level of PRRs was significantly reduced in BKT1 

(Figure 2-1a). Knockdown of PRRs in other bat cell lines (DEMKT1 and YUBFKT1 

cells) was not successful, as the expression level of PRRs was not decreased in those cell 

lines. The expression level of IFN-b was also decreased in BKT1 but it was not as 

intensive as that of PRRs (Figure 2-1b).  

Knockdown of TLR3, RIG-I, and MDA5 caused a total destruction cytopathic 

effect (CPE) at 1-day post EMCV infection in cells knocked down for RIG-I and MDA5, 

and at 2 days post EMCV infection in cells knocked down for TLR3. In contrast, no CPE 

was observed in the BKT1 without knockdown of PRRs (Figure 2-2). The number of live 

cells in EMCV-infected knockdown cells was significantly lower than uninfected 

knockdown cells since day 1 of EMCV infection (Figure 2-3a–c). The cells without 

knocked down for PRRs just showed a significant lower live cell numbers since day 3 of 

EMCV infection (Figure 2-3d).   

After JEV infection, the total destruction CPE in PRRs knockdown cells was 

observed at 5 days post infection, while no CPE was observed in cells without gene 

knockdown (Figure 2-4). The numbers of live cells in JEV-infected knockdown cells was 

significantly lower than uninfected knockdown cells since days 3 of JEV infection (Figure 

2-5 a–c). The cells without knocked down for PRRs just showed a significant lower live 

cell numbers since days 5 of JEV infection (Figure 2-5d).   

After PRV infection, the syncytial CPE in PRRs knockdown cells was observed 

at 1-day post infection in cells knocked down for RIG-I, and at 2 days post infection in 

cells knocked down for TLR3 and MDA5. In contrast, no CPE was observed in cells 
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without knocked down for PRRs (Figure 2-6). The number of live cells in PRV-infected 

cells knocked down for RIG-I was significantly lower than uninfected knockdown cells 

since days 1 of PRV infection, while the number of live cells in PRV-infected cells 

knocked down for TLR3 and MDA5 was significantly lower than uninfected knockdown 

cells since days 2 of PRV infection (Figure 2-7a–c). Cells without knocked down for 

PRRs just showed a significant lower live cell numbers since day 3 of PRV infection 

(Figure 2-7d).   

Knockdown of TLR3, RIG-I, and MDA5 led to a reduced expression level of IFN-

b after EMCV, JEV, and PRV infection (Figure 2-8). The expression of IFN-b was the 

lowest in the cells knocked down for TLR3 after EMCV infection and RIG-I after PRV 

infection. After JEV infection, all cells knocked down for either of the three PRRs showed 

a comparable IFN-b expression level.  

All PRRs-knockdown cells showed a significantly higher viral genome titer of 

EMCV, JEV, and PRV than cells without gene knockdown, except PRV-infected cells 

knockdown for TLR3 (Figure 2-9). Cells knocked down for MDA5 demonstrated the 

highest viral genome titer of EMCV and JEV while cells knocked down for RIG-I showed 

the highest viral genome titer of PRV.  
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Discussion 

Knockdown of TLR3, RIG-I, and MDA5 resulted in decreased expression level 

of IFN-b, suggesting that these pattern recognition receptors (PRRs) are important for 

stimulating IFN-b production in horseshoe bat cell line (BKT1). Increased replication 

level of EMCV, JEV, and PRV after knockdown of PRRs indicates that TLR3, RIG-I, 

and MDA5 are responsible for suppressing EMCV and JEV replication in BKT1 through 

IFN-b production. IFN-b is predominantly induced by TLR3 after EMCV infection and 

RIG-I after PRV infection but comparable IFN-b expression level was shown in all cells 

knocked down for PRRs after JEV infection. In a previous study, knockdown of PRRs in  

the big brown bats (Eptesicus fuscus) kidney cells also showed that IFN-b is 

predominantly induced by TLR3 than RIG-I and MDA5 after poly(I:C) transfection [47]. 

It suggests that bats might use different PRRs to sense viral RNA for producing IFN-b.  

IFN-b as the main antiviral response against PRV is confirmed because cells 

knocked down for RIG-I that had the lowest IFN-b expression level, also had the highest 

PRV replication level. RIG-I, MDA5, and IFN-b were also highly up-regulated after 

Nelson Bay orthoreovirus (NBV) infection in bat cell lines derived from the black flying 

foxes (Pteropus alecto), the natural host of PRV and L929 mouse fibroblast cell lines that 

is resistant against NBV [91]. 

Knockdown of MDA5 resulted in the highest EMCV and JEV replication level 

among all cells knocked down for PRRs. Previous studies have shown that MDA5 is the 

dominant mediator of type I IFN and cytokine response during EMCV infection in mice 

because of RIG-I degradation by EMCV 3C protease [50, 57]. MDA5 seemed to have a 

greater role in stimulating antiviral pathway in horseshoe bats because it was highly up-

regulated as compared to other PRRs after EMCV infection of BKT1 and was the only 
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up-regulated PRRs after JEV infection. It is possible that MDA5 stimulates antiviral 

pathways other than IFNs during EMCV and JEV infection of BKT1. Transcriptome 

studies in some bats species showed a high proportion of unannotated transcript (88–90), 

suggesting them as bats-specific transcript that might have an important role in antiviral 

mechanism [95]. 

In conclusion, TLR3, RIG-I, and MDA5 play important roles in antiviral response 

against EMCV, JEV, and PRV infections, at least in horseshoe bats. 
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Figures 
 
Figure 2-1 

 

 

Gene knockdown of TLR3, RIG-I, and MDA5 in BKT1. Expression level of TLR3, 

RIG-I and MDA5 after knockdown of each pattern recognition receptors (a) (mean ± SD, 

n = 3).   *p < 0.01 vs Not infected, **p < 0.001 vs Not infected.  Expression level of IFN-

b after knockdown of TLR3, RIG-I, and MDA5 (b) (mean ± SD, n = 3). Differences 

between groups were analyzed by one-way ANOVA, followed by Tukey’s test. Values 

that do not share a common letter are significantly different (p<0.05). 
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Figure 2-2 
 

 

Cytopathic effect (CPE) after EMCV infection in BKT1 knocked down for PRRs. 

EMCV infection caused fast total destruction CPE in cell knocked down for TLR3, RIG-

I and MDA5 at 2 days post EMCV infection. BKT1 without gene knockdown did not 

show CPE at 2 days post EMCV infection. The total destruction CPE after EMCV 

infection is indicated by arrow.   
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Figure 2-3 
 

 

 

Cell growth after EMCV infection in BKT1 knocked down for PRRs. Live cell 

numbers in BKT1 knocked down for TLR3 (a), RIG-I (b), MDA5 (c), and without gene 

knockdown (d) were measured until 7 days post EMCV infection at multiplicity of 

infection (MOI) of 1.0 (mean ± SD, n = 3). Live cells number is expressed as x105 

cells/mm3. *p < 0.05 vs Not infected, **p < 0.005 vs Not infected, ***p<0.0005 vs Not 

infected 
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Figure 2-4 
 

 

Cytopathic effect (CPE) after JEV infection in BKT1 knocked down for PRRs. JEV 

infection caused total destruction CPE in BKT1 knocked down for TLR3, RIG-I and 

MDA5 at 5 days post JEV infection. BKT1 without gene knockdown did not show CPE 

at 5 days post JEV infection. The total destruction CPE after JEV infection is indicated 

by arrow.   
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Figure 2-5 
 

 
 

 

Cell growth after JEV infection in BKT1 knocked down for PRRs. Live cell numbers 

in BKT1 knocked down for TLR3 (a), RIG-I (b), MDA5 (c), and without gene 

knockdown (d) were measured until 7 days post JEV infection at multiplicity of infection 

(MOI) of 1.0 (mean ± SD, n = 3). Live cells number is expressed as x105 cells/mm3. *p < 

0.05 vs Not infected, **p < 0.01 vs Not infected, ***p<0.001 vs Not infected. 
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Figure 2-6 
 

 
 
Cytopathic effect (CPE) after PRV infection in BKT1 knocked down for PRRs. PRV 

infection caused syncytial CPE in BKT1 knocked down for RIG-I at 1-day post infection; 

and in BKT1 knocked down for TLR3 and MDA5 at 2 days post infection. BKT1 without 

gene knockdown did not show CPE at 2 days post PRV infection. The syncytial CPE after 

PRV infection is indicated by arrow.   
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Figure 2-7 
 

 
 

Cell growth after PRV infection in BKT1 knocked down for PRRs. Live cell numbers 

in BKT1 knocked down for TLR3 (a), RIG-I (b), MDA5 (c), and without gene 

knockdown (d) were measured until 7 days post PRV infection at multiplicity of infection 

(MOI) of 0.1 (mean ± SD, n = 3). Live cells number is expressed as x105 cells/mm3. *p < 

0.05 vs Not infected, **p < 0.005 vs Not infected, ***p<0.0005 vs Not infected. 
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Figure 2-8 
 
 

 
 
 

IFN expression in BKT1 knocked down for PRRs. All BKT1 knocked down for PRRs 

(TLR, RIG-I, and MDA5) had a significantly lower expression of IFN-b than BKT1 

without gene knockdown after infection with EMCV, JEV, and PRV (mean ± SD, n = 3). 

Differences between groups were analyzed by one-way ANOVA, followed by Tukey’s 

test. Values that do not share a common letter are significantly different (p<0.05). 
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Figure 2-9 
 
 

 
 
 
Viral replication in BKT1 knocked down for PRRs. The viral genome titer is 

significantly higher in BKT1 knocked down for PRRs (TLR3, RIG-I, and MDA5) than 

BKT1 without gene knockdown after infection with EMCV, JEV, and PRV (b). Viral 

genome titer is expressed as: x108 copy numbers/µg total RNA (mean ± SD, n = 3). 

Differences between groups were analyzed by one-way ANOVA, followed by Tukey’s 

test. Values that do not share a common letter are significantly different (p<0.05). 
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General discussion and conclusion 
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As the natural hosts of several highly pathogenic viruses, it is important to 

understand how infection with the same virus could cause different outcome between bats 

as natural hosts and humans as susceptible host [3, 5, 6, 96–98]. In this study, the author 

focused on the innate immune response on bats as the first line of defense against invading 

pathogens. This information is crucial to understand how bats can control viral replication 

without developing little significant clinical sign.  As the model of bats-viruses 

interaction, the author used four cell lines derived from four bat species that have been 

identified as natural hosts of highly pathogenic viruses, such as horseshoe bats (SARS-

CoV), rousette bats (Marburg virus), and flying foxes (Hendra and Nipah virus). In 

addition, the viruses used in this study: encephalomyocarditis virus (EMCV), Japanese 

encephalitis virus (JEV), and pteropine orthoreovirus (PRV), previously have been 

detected or isolated in bats. Most bat cell lines used in this study are resistant against 

those viruses, suggesting that the special innate immune response exists in bats (Chapter 

1). In contrast, those viruses were highly replicated in human cell line and induced 

expression of pro-inflammatory cytokine, which suggests a strong self-damaging 

inflammation and serious diseases in human. 

Bats are the only mammals capable of sustainable flight that consequently 

increase body temperature and metabolic rate, then produce reactive oxygen species that 

cause bats more susceptible to damaging DNA. To reduce the self-DNA mediated 

immunopathology generated by flight, the endogenous DNA-sensing pathway has been 

dampened in bats such as loss of PYHIN gene family [99] and lack activation of STING 

(stimulator of interferon genes) [100]. STING has dual function in host defense, inhibit 

protein synthesis of RNA viruses and stimulate interferons (IFNs) to restrict DNA viruses 

replication [101]. This flight evolution should have consequence for increased 
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susceptibility against viruses in bats. However, bats remain asymptomatic after infection 

with highly pathogenic viruses, which suggests that they had a special antiviral 

mechanism to counteract the dampened DNA-sensing pathway. Firstly, it is hypothesized 

that bats can control viral replication because of the “always on” IFNs system that is 

found in the black flying foxes (Pteropus alecto). However, this study showed that most 

bat cell lines had a comparable basal expression of IFN-b compared to other mammalian 

cell lines. These finding suggests that the “always on” IFNs system is not the general 

characteristic of bats. Surprisingly, the basal expression of all pattern recognition 

receptors for viral RNA sensing (TLR3, RIG-I, and MDA5) in bat cell lines are 

significantly higher than other mammalian cell lines (Chapter 1). These finding suggests 

that bats have a higher capacity for viral RNA recognition that will produce a higher 

signal for IFNs production.  

EMCV, JEV, and PRV infection stimulated the expression of pattern recognition 

receptors and IFNs in both bats and other mammalian cell lines. However, two pattern 

recognition receptors (RIG-I and MDA5) and IFNs (b and λ1) are more highly up-

regulated in bat cell lines than other mammalian cell lines (Chapter 1). Higher expression 

of RIG-I and MDA5 enable more viral RNA sensing and stimulate more IFNs production 

in bat cell lines. IFNs also can generate a positive feedback loop to activate more 

production of RIG-I and MDA5 [102, 103]. Another possibility is the RNaseL that is 

induced by IFNs in the black flying foxes (Pteropus alecto), can produce shorter viral 

RNA fragments to potentiate the IFNs response by activating the cytosolic RNA sensor, 

such as RIG-I and MDA5 [42]. Chapter 1 provides evidences about the importance of 

IFNs response in bats, however the IFNs response in bats showed species variation. Type 

I IFNs gene cluster was varied among bats species, type I IFNs locus has contracted in 
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P.alecto but expanded in the little brown bats (Myotis lucifugus) and the Egyptian fruit 

bats (Rousettus aegypticus) [18, 104, 105]. A study performed by Wu et al. [106] showed 

a different viral diversity among 40 major bat species across China. It will be a great 

interest to determine whether the different viral diversity among bats is related to different 

IFNs response.   

Chapter 1 provides significant data about unique innate immune system in bats 

that inhibit viral infection in bats. However, how viral spillover from bats to humans or 

domestic mammals occur since viruses inefficiently replicate in bats remain unclear. One 

critical factor for viral spillover from bats is a high viral shedding from bats [107]. 

Chapter 2 demonstrate that viral replication was increased after suppression of innate 

immune response by means of decreasing the expression of pattern recognition receptors 

and IFNs. In nature, suppression to the immune system in bats resulting in failing to 

inhibit viral replication occurs during reproductive cycle (parturition and lactation) and 

starvation [108–110]. High number of viruses shed from such immune-suppressed bats 

might increase the possibility of the emergence of bat-borne viruses in human population. 

High seroprevalence and seasonal spillover of Hendra virus [111–113], Nipah virus 

[114], and ebola virus [115] have been noted to coincide with food shortage and breeding 

season of bats. One study reported the recrudescence of Nipah virus in captive bats is 

triggered by increased level of stress due to a combination of factors such as confinement 

in the cage, and physiological and behavioral changes during the breeding season [116]. 

“With the advent of truly global travel, the last five centuries have seen more 

new diseases than ever before become potential pandemic” —Arno Karlen [8]. The threat 

of emerging infectious diseases in the twenty-first century is real. Population growth in 

many developing countries have compelled massive deforestation in order to provide land 
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for settlement, agriculture, and plantation. This massive deforestation has caused 

shrinking or loss of habitat for bats. Consequently, bats migrated to new places adjacent 

to human settlement. Colonization of bat near human settlement greatly increases the 

chance of viral spillover from bats to human, either directly or indirectly through 

intermediate host. Once the virus adapted and transmitted efficiently among the human 

population, it may rapidly cause a severe outbreak or even pandemic due to frequent 

international travel in this globalization era. Bats (order Chiroptera) pose a considerable 

threat to human health because hold the highest viral diversity among mammals [117].   

My study reveals the importance of innate immune system for suppressing viral 

replication in bats. In nature, reproductive cycle and environmental change often suppress 

the immune system of bats with a consequence of increasing viruses number in bat 

population [108–110]. The most crucial effort would be preventing deforestation as the 

major driver of immunosuppression in bats. Protection of native bat habitats will restrict 

viruses inside the bat population and prevent the emergence of bat-borne viruses in the 

human population.   
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