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Abstract

Spodoptera frugiperda (Sf) cell lines are used to produce several biologicals for human and 

veterinary use. Recently, it was discovered that all tested Sf cell lines are persistently infected with 

Sf-rhabdovirus, a novel rhabdovirus. As part of an effort to search for other adventitious viruses, 

we searched the Sf cell genome and transcriptome for sequences related to Sf-rhabdovirus. To our 

surprise, we found intact Sf-rhabdovirus N- and P-like ORFs, and partial Sf-rhabdovirus G- and L-

like ORFs. The transcribed and genomic sequences matched, indicating the transcripts were 

derived from the genomic sequences. These appear to be endogenous viral elements (EVEs), 

which result from the integration of partial viral genetic material into the host cell genome. It is 

theoretically impossible for the Sf-rhabdovirus-like EVEs to produce infectious virus particles as 

1) they are disseminated across 4 genomic loci, 2) the G and L ORFs are incomplete, and 3) the M 

ORF is missing. Our finding of transcribed virus-like sequences in Sf cells underscores that MPS-

based searches for adventitious viruses in cell substrates used to manufacture biologics should take 

into account both genomic and transcribed sequences to facilitate the identification of transcribed 

EVE's, and to avoid false positive detection of replication-competent adventitious viruses.

*Corresponding author. GlycoBac LLC, 1938 Harney Street, Laramie, WY 82072, USA. Tel.: +1-307-340-1616. 
christophgeisler@gmail.com. 

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our 
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of 
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be 
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

8. Supplementary figure legends
Supplementary Figure 1: Alignment of Sf-rhabdovirus N-like EVE and Sf-rhabdovirus N gene (A) ORFs and (B) predicted gene 
products. Grey shading indicates conserved nucleotides or amino acids.
Supplementary Figure 2: Alignment of Sf-rhabdovirus P-like EVE and Sf-rhabdovirus P gene (A) ORFs and (B) predicted gene 
products. Grey shading indicates conserved nucleotides or amino acids.
Supplementary Figure 3: Alignment of Sf-rhabdovirus G-like EVE and Sf-rhabdovirus G gene (A) ORFs and (B) predicted gene 
products. Grey shading indicates conserved nucleotides or amino acids.
Supplementary Figure 4: Alignment of Sf-rhabdovirus L-like EVE and Sf-rhabdovirus L gene (A) ORFs and (B) predicted gene 
products. Grey shading indicates conserved nucleotides or amino acids.
Supplementary Figure 5: Alignment of predicted gene products of two rhabdovirus L genes and rhabdovirus L-like EVE's from Sf cell 
lines and B. mori. Shading corresponds to the degree of conservation, with darker shades indicating more highly conserved amino acid 
residues.
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 1. Introduction

Insect cell lines are commonly used with the baculovirus-insect cell system (BICS) to 

produce recombinant proteins, including several biologicals for human and veterinary use 

(see Table 1). Presently, most BICS-produced biologicals are manufactured using cells 

derived from the fall armyworm, Spodoptera frugiperda (Sf). All Sf cell lines currently used 

to produce biologicals are derived from a single progenitor cell line, IPLB-Sf-21, also 

known as Sf-21[1]. These derivatives include the most widely used cell line, Sf9[2], and 

several others isolated by various biological manufacturers, such as Super9[3] 

(GlaxoSmithKline) and Sf900+[4] (marketed as expresSF+, Protein Sciences Corp.).

Recently, it was found that all Sf cell lines tested, including those used for biological 

manufacturing, are contaminated with Sf-rhabdovirus, a previously unknown adventitious 

virus[5, 6]. At GlycoBac, we found that all Sf cell lines in our labs, including Sf-21, Sf9, and 

expresSF+ are also contaminated with this virus. Considering that the ancestral Sf-21 cell 

line is contaminated, Sf-rhabdovirus infection has likely been passed on to Sf-21-derived 

cell lines by vertical transmission.

While the FDA has previously approved biologicals produced using Sf-rhabdovirus-

contaminated cell lines, best practices will demand an Sf-rhabdovirus-negative cell line for 

new biological license applications[7]. We recently resolved this issue by establishing Sf-

RVN, a new, Sf-rhabdovirus-negative Sf cell line that is not contaminated with Sf-

rhabdovirus [8].

To search for other potential adventitious viruses that might be present in Sf cells, we 

searched the Sf cell genome and transcriptome for viral or virus-like sequences using the 

BLAST algorithm. As part of this effort, we searched the Sf cell genome and transcriptome 

using the Sf-rhabdovirus proteome as the query in a TBLASTN search. To our surprise, we 

found additional Sf-rhabdovirus-like sequences that were clearly distinct from, but closely 

related to Sf-rhabdovirus in both the Sf cell genome and transcriptome. Here, we describe 

these novel sequences and their relationships to their Sf-rhabdovirus homologues, and 

discuss the implications of our findings for adventitious virus searches using massively 

parallel sequencing combined with bioinformatics.

 2. Materials and Methods

 2.1. Bioinformatics

Bioinformatics searches of the Sf cell genome and transcriptome were conducted using the 

publicly accessible NCBI TBLASTN interface (blast.ncbi.nlm.nih.gov/blast/Blast.cgi). The 

Sf cell genome (Whole Genome Shotgun, WGS) and transcriptome (Transcribed Sequence 

Assembly, TSA) were queried with the concatenated predicted Sf-rhabdovirus proteome 
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using the default settings except the low complexity region filter was disabled and word size 

was 3, and the E-value cutoff was raised to 100. Bioinformatics searches against the 

silkworm (Bombyx mori) genome were conducted using the publicly accessible silkdb 

TBLASTN interface (http://www.silkdb.org/silksoft/blast2.html) using the same settings. 

Ka/Ks calculations were performed using a publicly accessible interface at the Norwegian 

Bioinformatics Platform (http://services.cbu.uib.no/tools/kaks) using the default settings, 

with homologous proteins encoded by the Sanxia water strider virus, a related insect 

rhabdovirus, as the comparator [9].

 2.2. Cells and cell culture

Sf-RVN cells [8] and Sf9 cells [10] are previously described Spodoptera frugiperda cell 

lines. Sf9 and Sf-RVN cells were routinely grown in 50 mL ESF-921 medium (96-001, 

Expression Systems) in 125 mL deLong flasks at 28°C at 125 RPM as described previously 

[8].

 2.3. DNA and RNA extraction, reverse transcription

DNA was extracted from 2×107 exponential-phase Sf9 or Sf-RVN cells as described 

previously[11], and dissolved in 500 μL TE buffer. RNA was extracted from 1×106 

exponential-phase Sf9 or Sf-RVN cells with the E.Z.N.A. HP Total RNA Kit (R6812, 

Omega Biotek) and treated with RNAse-free DNAse (E1091, Omega Biotek) according to 

the manufacturer's instructions. RNA was reverse-transcribed with the ProtoScript® II RT 

kit (M0368, New England Biolabs) using random hexamers according to the manufacturer's 

instructions.

 2.4. PCR amplification, gel electrophoresis and sequencing

PCRs were routinely performed in 50 μL reactions containing 1 μM of each primer, 1 μL 

dNTP mix (N0447, New England Biolabs), and 1 U Phusion DNA polymerase (M0530, 

New England Biolabs) in the manufacturer's 1X HF buffer with 1 μL DNA or reverse 

transcribed RNA as the template in a Biometra Tprofessional thermal cycler. Negative 

control reactions contained no template or mock reverse-transcribed RNA from reactions 

where the reverse transcriptase was omitted. PCR reaction products were separated on 1% 

agarose gels in Tris acetate EDTA buffer. DNA was extracted from excised bands using the 

E.Z.N.A. Gel Extraction Kit (D2501, Omega Biotek) according to the manufacturer's 

instructions, and sequenced by a commercial service provider (Genewiz). Sequences of 

oligonucleotides used for the PCRs and sequencing reactions are shown in Supplemental 

Table 1.

 2.5. Sequence comparison

Sequences were assembled and compared using Vector NTI 10.3.1 (Invitrogen), and 

alignments were performed using ClustalX 2.1. Phylogenetic trees were drawn using the 

Phylip 3.695 package.
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 3. Results

 3.1. Identification of the Sf-rhabdovirus genome in the assembled Sf cell transcriptome, 
comparison to published sequences

In an effort to search Sf cells for adventitious rhabdoviruses other than Sf-rhabdovirus [5], 

we searched the published Sf21 cell genome and transcriptome [12, 13] for sequences 

putatively encoding Sf-rhabdovirus-like proteins using the TBLASTN algorithm with the Sf-

rhabdovirus proteome as the query. As expected, the assembled Sf-rhabdovirus genome was 

readily found in the Sf cell transcriptome. This assembled sequence (Genbank accession 

number GCTM01002581) mostly matched the previously published Sf-rhabdovirus genomic 

sequences. Surprisingly, in comparison with the sequence published by Ma et al. [5], a 320 

nt deletion was found, spanning the last 120 nts of the putative X gene ORF and the first 200 

nts of the intergenic region between the X and L ORFs (shown schematically in Figure 1 A). 

The same deletion was present in the sequence published by Takeda Vaccines, Inc [6], and in 

Sf-rhabdovirus RNA from our in-house Sf9 cells (data not shown). The presence of a 320 

bps deletion in these Sf-rhabdovirus sequences suggests that the X gene product is not 

required for persistence in cultured Sf cells. Small, non-conserved, putative accessory genes 

such as the Sf-rhabdovirus X gene are common in genomes of Rhabdoviruses and other 

ssRNA viruses, and have been suggested to potentially function as viral porins [14].

Apart from the deletion in X, there were differences between the leader and trailer sequences 

of the three Sf-rhabdovirus genomes, which can likely be ascribed to incorrect or partial 

coverage of one or more sequences. Furthermore, several SNPs could be identified where 

the TSA-derived Sf-rhabdovirus sequence was different from the sequences published either 

by either Takeda Vaccines, Inc [6], or Ma et al. [5]. Such sequence variants can readily be 

explained by the poor replication fidelity provided of rhabdoviral RNA directed RNA 

polymerases[15, 16].

 3.2. Sf-rhabdovirus N-, P-, G-, and L-like sequences are present in and transcribed from 
both the Sf9 and Sf-RVN cell genome

Surprisingly, our TBLASTN searches also produced four additional significant hits for the 

N, P, G, and L genes in both the Sf21 cell genome and transcriptome. The GenBank 

accession numbers of these sequences and their positions are listed in Table 2. Curated and 

annotated versions of these sequences are also included in Genbank format as 

Supplementary material. The new Sf-rhabdovirus-like sequences found in the transcriptome 

and genome largely overlapped and were identical in the overlapping regions, providing a 

first hint that the Sf-rhabdovirus-like sequences found in the transcriptome were derived 

from the Sf cell genome.

The newly found Sf-rhabdovirus N- and P-like sequences comprised intact ORF's, and the 

N-like ORF had a polyadenyl tract immediately following the stop codon. The newly 

identified Sf-rhabdovirus G- and L-like sequences comprised partial ORFs, with the G gene 

ORF missing approximately 248 C-terminal codons, and the L gene ORF missing 

approximately 570 N-terminal, and 1150 C-terminal codons. The relative sizes and positions 

of the newly found ORFs as compared to their homologous ORFs in the Sf-rhabdovirus 
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genome are shown schematically in Figure 1 A. The DNA sequences of the newly found N-, 

P-, G-, and L-like ORFs, and their predicted translated amino acid sequences are shown with 

their Sf-rhabdovirus homologs in Supplementary Figures 1, 2, 3, and 4, respectively.

In order to determine if these newly found Sf-rhabdovirus N-, P-, G-, and L-like ORFs were 

present in the genome of Sf9 and Sf-RVN cells, we next attempted to PCR amplify them 

using genomic DNA from those cell lines as the template. In order to determine whether 

they are transcribed into RNA, we also performed PCRs with cDNA as the template. To rule 

out false positive results due to contamination with genomic DNA, RNA was DNAse-

treated, and control PCRs with mock reverse-transcribed RNA or water as the template were 

included. The results of these PCRs are shown in Figure 1 B-E. In all cases strong bands of 

the expected size were obtained from reactions containing genomic DNA or cDNA from 

both Sf9 and Sf-RVN cells. The amplimers were directly sequenced, and corresponded 

exactly to the expected sequences, indicating that the amplification products were specific, 

and that the Sf-rhabdovirus N-, P-, G-, and L-like sequences were present in and expressed 

from the genome of both cell lines

We also performed PCRs to determine if the predicted, abrupt ends of the partial G-and L-

like ORFs were correct. The results of those PCRs showed that the partials ORFs ended 

where indicated by the genomic sequences (data not shown).

 3.3. Comparison of the Sf-rhabdovirus N-, P-, G-, and L-like sequences to their Sf-
rhabdovirus homologs

The similarity of the newly found Sf-rhabdovirus N-, P-, G-, and L-like sequences to their 

Sf-rhabdovirus homologs is evident from the alignments in Supplementary Figures 1 - 4. Of 

interest is that the third codon positions are most highly variable, and largely randomized. 

However, the alignments also show that the overall levels of similarity are distinct for the 4 

fossils. The similarity between the Sf-rhabdovirus N-, P-, G-, and L-like sequences and their 

Sf-rhabdovirus homologs is quantified in Table 3.

As can be seen, the overall level of similarity at both the nucleic acid levels as well as the 

amino acid level is N<P<G<L. Further TBLASTN searches of the newly found Sf-

rhabdovirus-like sequences against the Genbank non-redundant (nr) database confirmed that 

they are most similar to Sf-rhabdovirus, and less similar to other related mononegaviruses.

 3.4. Rhabdovirus-like sequences in the silkworm genome are distinct from Sf-
rhabdovirus

The Sf-rhabdovirus infection in Sf cell lines could conceivably have originated from the S. 
frugiperda pupa originally used as a source of ovarian tissue or the silkworm hemolymph 

used to supplement the culture medium in the initial stages of cell culture [1]. The presence 

of Sf-rhabdovirus-like sequences in the Sf cell genome suggests that Sf-rhabdovirus is 

associated with S. frugiperda, and not B. mori. This conclusion would be strengthened if 

rhabdovirus-like sequences in the B. mori genome are less similar to Sf-rhabdovirus than the 

rhabdovirus-like sequences in the S. frugiperda genome. Thus, we searched the B. mori 
genome for Sf-rhabdovirus-like sequences. We found three previously unidentified 

rhabdovirus L-like sequences in the B. mori genome. The GenBank accession numbers of 
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these sequences and their positions are listed in Table 4. Curated and annotated versions of 

these sequences are also included in Genbank format as Supplementary material. A 

comparison of these rhabdovirus-like sequences from B. mori to the Sf-rhabdovirus-like 

sequences from the Sf cell genome and Sf-rhabdovirus revealed that the B. mori sequences 

were distinct from the latter, and clustered separately (Figure 2 A). A comparison of their 

translations similarly showed that the B. mori rhabdovirus-like sequences clustered 

separately from Sf-rhabdovirus and the Sf-rhabdovirus-like sequences encoded by the S. 
frugiperda genome (Figure 2 B).

 4. Discussion

 4.1. The newly found Sf-rhabdovirus like sequences are endogenous viral elements 
(EVE's)

Endogenous viral elements (EVE's) are viral genes or genomes that have become integrated 

into host germline chromosomes and are inherited as host alleles [17]. Since their initial 

discovery in 2004 in two Aedes mosquito species and cell lines [18], EVE's derived from 

RNA viruses that lack a DNA stage in their replication cycle have been found to be 

ubiquitous throughout the animal kingdom [17, 19-22].

In particular, the presence of rhabdovirus-like sequences has previously been found to be 

common in many insect genomes[17, 23]. Similar to the rhabdovirus EVE's in those reports, 

our newly found Sf-rhabdovirus-like sequences comprise long, uninterrupted ORFs, they are 

most similar to extant rhabdoviruses (in our case, to Sf-rhabdovirus), and they have high 

levels of similarity to extant rhabdoviruses as demonstrated by low BLAST E values. 

Similar to those previously reported EVE's, our N-like sequence comprised an apparently 

full-length ORF, and our G- and L-like sequences only comprised partial sequences. Unlike 

previous reports, we did find a P-like sequence, indicating that the P ORF can also fossilize 

into the insect cell genome. Only our N-like sequence had a polyadenlyl tract following the 

ORF, however, for unknown reasons, this is common only for N-like EVE's, not for EVE's 

of other mononegaviral genes [17]. Considering these similarities between our newly found 

Sf-rhabdovirus-like sequences and previously reported mononegaviral EVE's, we conclude 

the newly found Sf-rhabdovirus-like sequences comprise EVE's derived from ancient 

infection(s) with a Sf-rhabdovirus-like virus.

 4.2. Sf-rhabdovirus-like EVE's might be exapted for antiviral defense

The Sf-rhabdovirus-like EVE's comprise long continuous ORFs without internal stop codons 

(1413, 1137, 1108, and 1259 nts, for the N, P, G, and L-like EVE's, respectively), indicating 

these sequences are subject to purifying selection, as stop codons would have been randomly 

inserted under conditions of neutral selection [17]. The Sf-rhabdovirus-like EVE's encode 

predicted proteins with strong similarity to proteins encoded by the extant Sf-rhabdovirus. 

However, the Sf-rhabdovirus-like EVE's have diverged substantially at the nucleic acid level 

from their Sf-rhabdovirus homologs, especially at the third codon positions, also indicating 

purifying selection. Ka/Ks ratios for the predicted N, P, G, and L protein (fragments) 

encoded by the EVE's as compared to their Sf-rhabdovirus orthologs were estimated at 0.56, 

0.13, 0.11, and 0.05, respectively. Each of these values is <1, again indicating purifying 
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selection. The Sf-rhabdovirus N, P, G, and L-like EVE's have accumulated large numbers of 

mutations as compared to their Sf-rhabdovirus homologs and are only 49%, 69%, 73% and 

75% identical, respectively, suggesting the EVE's must have persisted over relatively long 

periods of time to allow for the accumulation of these mutations. Combined with our 

demonstration that the Sf-rhabdovirus-like EVE's are expressed, at least at the RNA level 

(Fig. 1), evidence for purifying selection and long persistence suggests that the Sf-

rhabdovirus-like EVE's are not pseudogenes, but represent functional protein-coding genes.

Thus, Sf-rhabdovirus-like EVEs are likely exapted viral genes that have acquired new, 

cellular functions. Host cell exaptation has been demonstrated for various genes that 

originated from viruses, and often results in a reversal of function by co-opting virus-derived 

genes in antiviral defense (reviewed by [24, 25]). For example, a bornavirus N-like EVE has 

been demonstrated to inhibit bornaviral replication, presumably by functioning as a 

dominant-negative inhibitor by incorporation into viral ribonucleoprotein complexes [26]. 

The Sf-rhabdovirus N-like EVE could conceivably function similarly. While there is not yet 

any experimental evidence indicating EVE's derived from other mononegaviral genes have 

been similarly exapted for antiviral defenses, this seems likely.

The ability of Sf-rhabdovirus to persistently infect Sf cells, without cytopathic or other 

apparent ill effects [8], suggests that Sf cells have mechanisms to control Sf-rhabdovirus, 

and the Sf-rhabdovirus-like EVE's would be plausible candidates for such mechanisms. 

However, experimental confirmation of the function of the Sf-rhabdovirus-like EVE's is 

beyond the scope of this study.

 4.3. Sf-rhabdovirus is likely associated with S. frugiperda in nature

Sf-rhabdovirus could already have been present in the S. frugiperda pupae from which Sf 

cell lines were derived, or was transmitted from silkworm hemolymph used as a tissue 

culture supplement. We found four Sf-rhabdovirus-like EVE's in the Sf cell genome, each of 

which was highly similar to Sf-rhabdovirus (Table 3 and Figure 2). Although we also found 

three rhabdoviral L-like EVE's in the silkworm genome, these sequences were substantially 

more different from the Sf-rhabdovirus L gene than the Sf-rhabdovirus L-like EVE (Figure 

2). As the S. frugiperda, but not the B. mori genome comprises EVE's that are very similar 

to Sf-rhabdovirus, we conclude that in nature, Sf-rhabdovirus is likely associated with S. 
frugiperda, not B. mori, and that the Sf-rhabdovirus infection in Sf cell lines is likely derived 

from the S. frugiperda pupa originally used as a source of ovarian tissue. Conversely, our 

finding of three rhabdovirus L-like EVE's that are distinct from Sf-rhabdovirus in the B. 
mori genome suggests that an as of yet unidentified B. mori-specific rhabdovirus with 

sequence similarity to these EVE's infects B. mori populations in nature. Considering we 

found four Sf-rhabdovirus-like EVE's in the Sf cell genome, it appears that Sf-rhabdovirus 

has been a pathogen of S. frugiperda for an appreciable time.

 4.4. Implications for adventitious virus searches using MPS

Cell lines used for biological production should lack any adventitious agents in order to 

ensure that biologicals produced therein are safe for human and veterinary use. Until 

recently, adventitious virus searches in cell substrates used to produce biologicals relied 
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mainly on detecting the effects of viral infections. One method used to probe for infectious 

viral particles comprises looking for cytopathic effects in cell cultures exposed to potentially 

contaminated material. Another method comprises exposing hypersensitive animals, such as 

suckling mice or athymic nude mice, to potentially contaminated material. However, both 

methods suffer from two fundamental limitations: the cells or animals used in the test must 

be susceptible to infection with the adventitious virus of interest, and infection must result in 

observable effects. These limitations are not theoretical: SV40 in polio vaccines initially 

eluded detection because SV40 does not produce cytopathic effects in rhesus monkey kidney 

cells, which were originally used to probe for adventitious viruses[27]. Similarly, Sf-

rhabdovirus eluded detection as Sf-rhabdovirus infection produces cytopathic effects neither 

in Sf or other insect cell types [5, 6], nor in mammalian cells, suckling mice or embryonated 

eggs [4].

Recent developments in massively parallel sequencing (MPS) technology have made 

detection of (unknown) adventitious viruses less dependent on the availability of susceptible 

cell substrates or animals [28-31]. MPS has made detection of adventitious viruses much 

more sensitive, as very low amounts of genetic material can be detected. MPS also has made 

detection of adventitious viruses more specific, as the exact sequence, and therefore virus 

species and strain can be identified. Facilitated by the very large number or known viral 

sequences, MPS data can be searched for unknown viruses similar to known viruses. Finding 

viral sequences in expressed sequence databases would logically imply that the cells are 

infected with a virus that gives rise to those sequences. However, our findings demonstrate 

this is not necessarily so, and that expressed viral-like sequences can in fact be derived 

entirely from genomically integrated EVE's. In our case, we found 4 expressed sequences in 

Sf cells that are clearly related to 4 out of 5 viral genes encoded by Sf-rhabdovirus. Such 

high coverage could easily be mistaken for an active infection, especially in cases such as 

presented in this study, where the previously unidentified virus-like sequences are very 

similar to a virus known to infect the cell line of interest.

If the Sf-rhabdovirus-like EVE's were in fact derived from a novel replication-competent 

adventitious virus, they would not have been present in the Sf cell genome, as Rhabdoviridae 

are ssRNA+ viruses, which do not encode a reverse transcriptase, and do not have a DNA 

stage in their lifecycle. Only a direct comparison of the transcribed Sf-rhabdovirus-like 

sequences with the Sf cell genome revealed their origin in the cellular genome. This finding 

exemplifies the importance in verifying whether transcripts that appear to be of viral origin 

are derived from a replication competent virus with an intact genome, or from (partial) viral 

sequences integrated into the cellular genome. Thus, MPS-based searches for adventitious 

viruses in cell substrates used to produce biologicals should compare both genomic and 

transcribed sequences to facilitate the identification of transcribed EVE's, and to avoid false 

positive detection of replication-competent adventitious viruses.

 Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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 Abbreviations

BICS Baculovirus insect cell system

EVE Endogenous viral element

ORF Open reading frame

Sf Spodoptera frugiperda

TSA Transcriptome Sequence Assembly

WGS Whole Genome Shotgun
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• We searched the Sf cell genome and transcriptome for adventitious virus 

sequences

• We found rhabdovirus-like sequences transcribed from the Sf cell genome

• The rhabdovirus-like sequences are closely related to Sf-rhabdovirus

• Transcribed endogenous viral elements may result in false positive 

adventitious virus detection

• Sequencing and comparing both the genome and transcriptome is critical to 

avoid false positives
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Figure 1. 
Sf-rhabdovirus-like sequences are present in and transcribed from Sf cell genomes. A) The 

relative sizes and positions of the newly found N-, P-, G-, and L-like ORFs as compared to 

their homologs in the Sf-rhabdovirus genome, and the position of a 320 nt deletion found in 

some Sf-rhabdovirus sequences. PCR demonstrating presence and transcription of Sf-

rhabdovirus N- (B), P- (C), G- (D) and L-like (E) sequences in Sf9 and Sf-RVN cells. 

Expected PCR amplimer sizes are indicated. Templates were genomic DNA (gDNA), 
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reverse-transcribed total cellular RNA (cDNA), mock reverse-transcribed total cellular RNA 

(−RT) or no template (H2O).
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Figure 2. 
Phylogenetic trees of Sf cell and B. mori rhabdovirus L-like EVE's and rhabdovirus L gene 

ORFs (A) and predicted gene products (B). The alignment of the predicted gene products is 

shown in Supplementary Figure 5.
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Table 2

Accession numbers and positions of the Sf-rhabdovirus N-, P-, G-, and L-like ORFs found in the Sf21 cell 

genome and transcriptome

ORF WGS Genbank accession number Position (strand) TSA Genbank accession number Position (strand)

N JQCY02013702.1 2041 – 3543 (−) GCTM01018210.1 6 – 1277 (−)

P JQCY02009702.1 9618 – 10700 (−) GCTM01015401.1 1216 – 2352 (−)

G JQCY02005970.1 100 – 1186 (−) GCTM01008235.1 98 – 1165 (+)

L JQCY02007162.1 12405 – 13664 (−) GCTM01018396.1 1 – 438 (+)
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Table 3

Similarity between the Sf-rhabdovirus N-, P-, G-, and L-like EVE's and their Sf-rhabdovirus homologs

Gene N P G L

% amino acid identity 35% 79% 82% 92%

% amino acid similarity 52% 86% 91% 96%

BLASTP amino acids aligned all all all all

BLASTP E value 1e-92 0.0 0.0 0.0

BLASTN nucleotides aligned 37 / 1506 1133 / 1137 1059 / 1085 1259 / 1259

BLASTN E value 3e-07 2e-134 0.0 0.0

Ka / Ks ratio 0.5648 0.1305 0.1121 0.055
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Table 4

Accession numbers and positions of the rhabdovirus L-like sequences found in the B. mori genome

Genbank accession number (original) Position (strand) Length (nts) Internal stop codons

Bm L EVE 1 NW_004581722.1 831136 – 836836 (−) 5661 0

Bm L EVE 2 NW_004581840.1 67242 – 69297 (+) 2055 1

Bm L EVE 3 NW_004581726.1 806500 – 807791 (+) 1323 6
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