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ABSTRACT 

Recently, Daoyu Zhang et. Al [1], Mona Ralker et. Al [2] and Mohit Singla et. al [3] have reported 

exceptional anomalies associated with the RaTG13 metagenomic dataset which was inconsistent 

with that of a real fecal sample. Despite extensive search, we are only able to isolate 2 datasets 

Other than RaTG13 itself, that possessed significant levels of non-adaptor repeat sequences and 

absence of bacteria in the context of “bat” and “fecal” or “virome”. 

Furthermore, the analysis of such datasets have revealed an established pipeline of which a viral 

sequence is “rehosted”—e.g. added to a metagenomic sample that originally did not contain 

such viral sequences. This raises serious questions to the legitimacy of RaTG13 genome and the 

associated Nature paper. 

METHODS 

Datasets 

The NCBI SRA database was extensively searched using the term “bat” and “gut metagenome”, 

“feces”, “fecal” or “viral metagenome”. Datasets were first analyzed using NCBI TRACE, and the 

first 100 reads from the datasets were then analyzed for telomere-like repeats in the reads. 

We only obtained 2 datasets with significant levels of telomere-like repeats and absence of 

bacteria. 

Analysis using the SERRATUS toolbox 

The 2 anomalous datasets obtained were subjected to multi-genome-wide alignment using the 

SERRATUS toolbox[4], which have been proven to be highly sensitive and is able to extract reads 

with potential alignments to all discovered or potential viral genomes known on NCBI, including 

very weak and partial alignments. 

Reads extracted using the SERRATUS toolbox was then individually BLASTed on NCBI to exclude 

false positives, and the level of genome coverage was assayed for the likelihood of successful 

genome assembly. 



RESULTS 

Anomalous datasets obtained via extensive searching 

Despite our effort of extensive searching on NCBI SRA, we obtained only 2 datasets that 

contained the reported anomalies by Zhang et al, Mona Ralker et. al and Mohit Singla et.al. 

The datasets have accession number SRR975462 and SRR9644024, which contained 2% and 16% 

such sequences respectively. 

Absence of assemblable viral RNA sequences in SRR975462 

 
Fig.1: NCBI analysis of SRR975462. 

Using the SERRATUS toolbox[8], a total of 19 reads from Coronaviridae covering 12% pangenome, 

5 reads of Rhabdoviridae covering 4% pangenome, 1 single read from Astroviridae and 1 single 

read from picoRNAviridae was recovered.  

None of these reads formed contiguous sequences with other reads, and no assembly either full 

or partial could be obtained from these sequences. 



 

Fig.2: the SERRATUS result of SRR975462. 

 

Fig.3a: The reads aligned to Coronaviridae in SRR975462. In addition to the fact that none of 

these reads formed a contiguous sequence, several of these reads were misaligned and when 

BLASTed as a whole, revealed to be nothing but a fragment of bat genomic DNA. 



 
Fig.3b: The reads aligned to Rhabdoviridae in SRR975462. We did not obtain any meaningful 

assembly from such sequences. 



SRR9644024 is a mixed dataset that does not match it’s 

description. 

 

Fig.4: The NCBI analysis results of SRR9644024 and the description of the dataset. 

Despite the dataset and the associated BioSample claim a host of Rousettus Leschunatii, the NCBI 

analysis revealed multiple bat species including Hipposideros Armiger and Miniopterus Natalensis, 

as well as a sizable fraction of Homo Sapiens. 

By using Mitochondrial genome and COI genes, we are able to isolate from the dataset material 

from Hipposideros Armiger, Miniopterus fuliginosus, Rhinolophus Affinis, Rhinolophus Pearsonii, 

Rhinolophus Monoceros and Homo Sapiens. 



 
Fig.5a: Miniopterus fuliginosus Cytochrome Oxidase 1 reads recovered from SRR9644024 

 
Fig.5b: Hipposideros armiger 100% full-length matched mitogenome recovered from SRR9644024 



 

Fig.5c: Rhinolophus affinis Cytochrome Oxidase I reads recovered from SRR9644024 

 

Fig.5d: Rhinolophus Monoceros Mitochondrial D-loop reads recovered from SRR9644024 



 

Fig.5e:Homo Sapiens 100% full-length matched Mitogenome recovered from SRR9644024 

 

Fig.5f: Rousettus leschenaultii Mitogenome recovered from SRR9644024 



 

Fig.5g: Rhinolophus Pearsonii Cytochrome Oxidase I (COX1) 100% fully matched reads recovered 

from SRR9644024. 

 

As SRR9644024 was supposed to be a sample from Rousettus Leschunatii, the presence of reads 

from a wide range of different bat species including both Microchiroptera and Megachiroptera 

was impossible even given exceptionally contaminated sample collection environment. In deed, 

the associated BiorXiV preprint[4] and JVM article[5] defines the sample as “pooled lung and 

rectal tissues” rather than “feces”. Notably, the samples were “archived and sub-packed samples” 

which gives rise to the chance for accidental inclusion of experimental fabrication products and 

PCR products, as the related SRA dataset, SRR9643845, does not show evidence of any anomalies 

within the reads.  

 

 

Fig.6: the methods section from [4] and [5] showing the designation of the samples used in 

SRR9644024 as being tissue samples rather than feces.  



 

Fig.7: Analysis of SRR9643845. The Bacterial read percentage in total cellular organisms is 5.98%. 

 

Fig.8: the first 10 reads from SRR9643845. No significant level of telomere-like repeats were 

found. 

An anomalous single-fragment amplicon from type strain 

Rabies Lyssavirus in SRR9644024 

 



In Order to examine the property of SRR9644024, we performed a SERRATUS analysis of possible 

viral sequences in SRR9644024. 

 

Fig.9: the SERRATUS analysis of SRR9644024. 

No RNA viral families exceeds pangenome coverage higher than 20%. 

Furthermore, the major proportion of the reads, Rhabdoviridae, covers pangenome only 20%, 

despite the presence of over 2378 reads with sequencing depth of over 133x in the parts that 

were covered.  

 

Fig.10: the single fragment of a Rabies Lyssavirus obtained from SRR9644024. 

By BLASTing the obtained reads, the identity of the Lyssavirus was revealed to be the type strain 

CH/GDZQ/2015, which were isolated from the brains of dogs. 



 

 

Fig.11:The BLAST result and isolation host of the Rabies Lyssavirus reads. 

Despite being claimed as alignments to other Lyssavirus strains, all reads of Rhabdoviridae aligns 

to known type strains of Rabies Lyssavirus, indicating an origin as a single archived amplicon from 

a type culture.  

 

 
 



 

 

 



 

 

 

 

Fig.12: reads claimed to be aligned to other Rhabdovirus genomes by SERRATUS. All came from 

the same amplicon of the G protein and a part of the M protein from Rabies virus type strains. 

We also obtained 2 aligned reads from the L protein of the same strain, which was the only reads 

that lands outside the anomalous amplicon. 

The nature of the Rabies Lyssavirus reads as an amplicon 

isolated from Mus Musculus. 

As Rabies Lyssavirus is a mononegavirus with a non-segmented genome, it is extremely 

improbable for a total nucleic acid preparation procedure to generate an extremely high coverage 

on one specific fragment of the viral genome yet did not cover any other part of the viral genome. 

In deed, the only other reads that was recovered from outside of this amplicon was 2 reads from 

the L protein of the exact same strain, which is most likely leftover templates from the PCR 

reaction.  

In order to further characterize the nature of the anomalous amplicon-like reads, we BLASTed the 

reads that lands on the very end of the contig, which revealed that these reads were of a 

chimeric origin—DNA from Mus Musculus was found at the 3’-end of the Contig, while a highly 

conserved 22-mer sequence that lands in between the M and G region of most rabies Lyssavirus 

isolates (the region itself of which was Within the contig, rather than at the end of the contig), 



was found in the extreme 5’ end of the Contig. 

 
Fig.13a: the Mus Musculus DNA found at the extreme 3’ end of the Contig. 

 



Fig.13b: the 3’-end of the Contig. Notice that it lands right between the G gene and the L gene. 

 

 

 

Fig.14: the misplaced 22-mer found at the extreme 5’-end of the Contig. 

The position of such an 22-mer lands exactly where a primer for the amplification of the 5’-end of 

the G gene would be located, and is likely a product of mispriming of the PCR template. 

In deed, we discovered that the vast majority of the reads begins at position 3168, which a 

primer for amplifying the G protein would have been located at.  



 

 

Fig.15: the beginning of the vast majority of the reads for Rabies Lyssavirus lands at position 

3168. 

These properties, including the fact that the extreme 5’-end and 3’-end sequence being exactly 

flanking the G protein, alongside with the presence of mispriming products containing Mus 

Musculus DNA, of which were not found in bats (WGS with 100 databases currently on NCBI, 

Chiroptera, txid: 9397), point toward the Rabies Lyssavirus being a PCR clone derived from Mus 

Musculus. It therefore constitutes a fraudulent sample material, which is likely introduced into 

SRR9644024 from the pooling process. 



 



Fig.16: Mus Musculus DNA found fused to the 3’ end of Rabies Lyssavirus, which were distinctly 

not bat or human in origin. 

Presence of mispriming products from virus-specific primers in 

SRR9644024 

We obtained 50 reads matching PicoRNAvirales from SRR9644024 covering 8% pangenome. 

However, reads matching PicoRNAvirales does not form non-duplicate contiguous sequences that 

can generate meaningful assemblies. 

 

 

 
Fig.17: Reads matched to picoRNAvirales from SRR9644024. 

Importantly, most of the reads from picoRNAvirales came from a partial match at the extreme 3’ 

end of the genome, which corresponds to a common 35-mer fond in the 3’-UTR of a diverse 

range of picoRNAviruses and coronaviruses. It seems to match best to a S2m motif, and despite 

extensive searching, we could not find any match to the regions flanking the 5’-end of this motif, 

suggesting it is likely the result of a mispriming product from a universal Pisunivirus primer to 

either random PCR ligation products or DNA contamination. 



 

 

Fig.18a: S2m motif found in SRR9644024 matching many diverse picoRNAviruses and 

Coronaviruses. 



 

 

Fig.18b: No matches were obtained on the sequences 5’ to the S2m motif found in these reads. 

Presence of Type Strain Marburg Marburgvirus fragment in 

SRR9644024.  

We obtained a total of 10 reads from Filoviridae, all of which matches 100% to a type strain 

Marburg Marburgvirus isolated in 1980 in Africa, of which no other isolates share the same 

sequence of nucleotides except for a synthetic construct for the Glycoprotein Fusion protein of 

Marburg Marburgvirus used originally for the vaccination of Guinea pigs in 2006[6].  

 

 



 

 

Fig.19: Fragments of Marburg marburgvirus matching an 1980 type strain found in SRR9644024.  

As these reads does not have exact matches in any other field isolates of Marburg Marburgvirus, 

the most plausible explanation of such reads are the result of contamination from in-house 

vectors containing the fusion protein gene.  

We also attempted to obtain a match to the last 14bp of the truncated reads at the extreme 

3’-end of the alignment, However we could not find any meaningful matches on the NCBI 

database. 

 

Fig.20: A perfect match to the Synthetic construct for the Glycoprotein of a Type strain Marburg 

Marburgvirus originally isolated in Africa, 1980. The extreme 3’-end sequence can not be found 

on the NCBI database. 



No assembable sequences of other viruses exist for 

SRR9644024 

We obtained 88 reads covering 12% pangenome from Reoviridae in SRR9644024 from segment 1, 

2 and 3 of Rotavirus A. We did not obtain any other part of the 11-segmented viral genome. 

 

 

 
 

Fig.21a: reads from rotavirus A segment 2. 

 
Fig.21b: reads from rotavirus A segment 1. 

 



 

 

Fig.21c: reads from rotavirus A segment 3. 

SERRATUS also claim alignment of 2 reads to Astroviruses, however these reads did not match 

anything when BLASTed. 

 

 

 

Fig.21d: reads with claimed alignment to Astroviruses. However, these reads does not match 

anything when BLASTed. 

MG-RAST analysis of SRR9644024 revealed significant levels of 

bacterial genomic DNA matching that found in other datasets 

submitted by the same group. 

In order to elucidate the exact composition and nature of the mixed samples used to generate 

SRR9644024, We performed a MG-RAST analysis of SRR9644024. However, by using genomic 

DNA as the basis of search, we discovered that SRR9644024 contained 6.86% bacteria and up to 

24.57% Caudovirales (Bacteriophages, which were often overrepresented in genomic DNA “total 

nucleic acids” as they were more highly annotated and have a denser coding region than the 

bacterial host which they integrate into.) which is opposed to the MG-RAST result of RaTG13, 

which contained only 3.94% bacteria and no evidence of Caudovirales.  



 

 

 

Fig.22a: MG-RAST analysis of SRR9644024 revealed bacterial reads of up to 6.86% in total 

genomic DNA. Caudovirales, representing prophages located within the bacterial genomes, 

contributed another 12.44% of the dataset. 



 

 

 

Fig.22b: MG-RAST analysis of RaTG13 revealed only 3.95% bacteria, and no sequences 

homologous to Caudovirales were found. 

 

We also obtained 2 datasets prepared using “per previous methods” indicated in [4], However 

analysis of the datasets did not reveal any evidence of anomalies of either Telomere-like repeats 

or absence of bacteria in these datasets. [7] 



 

Fig.24a: Analysis of SRR580366 

 
Fig.24b: Analysis of SRR847275. Analysis of SRA059263 and the 2 associated SRA datasets does 

not reveal any evidence of anomalies found in the SRA dataset of RaTG13. 

DISCUSSIONS 

Telomere-like repeats as signature of sample Tampering by the 

mixing of PCR products from another source into the sample 

that is to be analyzed. 

In order to elucidate the reason behind the Telomere-like repeats fond in SRR9644024, we 

compared it against the non-anomalous dataset, SRR9643845, from the same publisher. We did 

not find any significant peculiarities within the viral reads obtained from this dataset. 



 

Fig.25: The SERRATUS analysis result of SRR9643845. No peculiarities of the viral reads were 

found. 

The only peculiarity in SRR9643845 was the presence of reads from the Mitochondrial Control 

region of Spermophilus erythrogenys, which is a species of Marmots, alongside with Rattus 

Noverigicus and Homo Sapiens. 

 

 

Fig.26: Spermophilus erythrogenys Control region (D-loop) from SRR9643845. Spermophilus 

erythrogenys is a species of Marmots (Family: Marmotini). 



 

Fig.27a: Rattus norvegicus Mitogenome recovered from SRR9643845. 

 

Fig.27b: Homo Sapiens Mitogenome recovered from SRR9643845. 

The only fundamental differences between SRR9644024 and SRR9643845 is that SRR9644024 

contained a single amplicon sequence from Rabies Lyssavirus isolated from Mus Musculus, 

alongside with sequences that resembles primers that were stuck to DNA sequences of unknown 

origin. Using multiple SRA datasets from the same group as reference, the only plausible origins 

for the Telomere-like repeats in SRR9644024 is the numerous Type culture materials (Marburg 



Marburgvirus) and the “rehosted” (from Mus Musculus) Amplicon of Rabies Lyssavirus.  

In addition, Numerous reads resembling mispriming products by virus-specific primers on 

random DNA sequences can be found in SRR9644024, implying extended PCR amplification have 

been performed on multiple individual samples that were pooled into SRR9644024. Such 

extensive PCR manipulation resulted in the primer-independent amplification of trace repeat 

materials through the template sliding--reannealing mechanism, resulting in the formation of 

Telomere-like repeats in SRR9644024.  

In addition, Type materials from cloning vectors like pRAd/DQ656107.1 are often extensively 

manipulated using PCR techniques, which can also lead to the amplification and accumulation of 

Telomere-like repeats in a sample containing such material. 

Using MG-RAST results, we have confirmed the nature of SRR9644024 as a mixture of mostly 

specific PCR products from numerous sources—the bacterial reads were materials derived mostly 

from Prophages (Caudovirales) and Plasmids, while the Eukaryotic materials were mostly derived 

from Mitochondrial DNA. 

 

 

 

Fig.28a: MG-RAST result of Bacteria in SRR9644024. These materials mostly matches to that of 

Prophages and Plasmids. 



 

 
Fig.28b: MG-RAST result of Eukaryota in SRR9644024. These materials mostly match to 

Mitochondrial genomes. 

We also identified a primer, 5’-GCCGGAGCTCTGCAGATATC-3’, used for the amplification of pooled 

total Nucleic acids in the preparation process of the library for SRR9644024, in the methods 

section from [5] at reference [7], [9] and [10] through cross-referencing. By performing a BLAST 

analysis, we discovered that this specific primer possessed significant bias against bacterial 

strains that are found to live on or within animals, which can cause significant depletion of 

bacteria if used, especially on animal samples which the microbiome is mostly composed of 

Epibiotic bacteria. 

However, no evidence of the usage of such primer was found in the original paper for the 

sequencing of RaTG13. [11] 



Fig.29: 3’-end alignment of Primer 5’-GCCGGAGCTCTGCAGATATC-3’ to different strains of bacteria. 

Bacterial species that show 3’-end alignment all belongs to soil, environmental or pathogenic 

bacteria, which is not normally expected for samples of animal origin. 

Revelation of manipulated material in the case of SRR9644024 

is likely incidental 

Although [4] and [5] was looking for polyomaviruses(PyVs) and are unlikely intentional in the 

manipulation of samples by themselves, their method section utilized archived samples from a 

large number of different studies (N>1000), which gives rise to a significant chance that material 

from yet unpublished studies, as well as internal practice materials for the manipulation and 

fabrication of viral metagenomic datasets, were incidentally included in the pooled sample of 

SRR9644024. In deed, the vast majority of RNA viral reads within SRR9644024 per NCBI analysis, 

belongs to the single amplicon of Rabies Lyssavirus with Mus Musculus DNA at the 3’ end, 

suggesting that manipulated material comprised the majority (>90%) of the total nucleotides in 

the SRR9644024 pooled library, while the remainder were composed of Lungs, Intestines and 

Rectal tissues of different bats that may have not been fully degraded, leading to an unexpectedly 

high diversity of the mitochondrial reads within SRR9644024.  

As neither Mus Musculus genomic DNA nor Marmotini Mitochondrial DNA were included in the 



list of sampled species in the supplementary table S1 of [4], the presence of the former at the 3’ 

end of the Rabies Lyssavirus amplicon in SRR9644024 and the presence of the latter in 

SRR9643845 are indicative of materials from unpublished studies were being utilized in the 

pooling and sequencing of SRR9644024 and SRR9643845.  

The discovery of obvious evidence of sample and metagenomic manipulation in SRR9644024, 

therefore, represents an incidental leakage of unpublished product of internal work-in-progress 

or proof-of-concept projects of PCR-based metagenomic manipulation through the incidental 

inclusion into a large pooled library that then get published in an unrelated study. However, such 

an incidental leakage nevertheless still provides valuable intel into the in-house protocols in the 

otherwise highly opaque and secretive institutions like the Military Academy of Sciences, 

allowing the nature of the anomalies in the sequencing datasets such as RaTG13 [1] to be 

analyzed and their origins deduced as the result of PCR-based metagenomic manipulation and 

fabrication. 

Analysis of RmYN02 

We also analyzed SRR12432009, the dataset for RmYN02 by individually retrieving 100 random 

reads from the dataset and then putting it through BLAST analysis. We discovered that nearly half 

of the dataset is composed of a single 3’-ETS sequence from Homo Sapiens, that does not have 

any matches in Chiroptera or Bats. Apart from data that can not be matched to anything on 

GenBank, SRR12432009 is composed of mostly parts of ribosomal RNA and contained about 6% 

bacterial sequences forming the rest of the identifiable reads within the dataset. We did not 

obtain significant matches to transcribed mRNA in SRR12432009. 



 
Fig.30: Analysis of the RmYN02 dataset SRR12432009 using BLAST on 100 sequences randomly 

selected from the metagenomic sequencing dataset. We did not obtain any significant matches to 

bat mRNA and the reads were composed of mostly parts of the 45S ribosomal RNA cluster, with 

over 38% of all reads being exact matches to human DNA that does not have any significant 

matches in the current WGS dataset of Chiroptera(bats). 

 



CONCLUSIONS 

Through comparison between reference datasets and the only 2 datasets on NCBI that shares 

similar anomalies as the SRA data of RaTG13, We have deduced the origin of the Telomere-like 

sequences in RaTG13 as the result of mixing together PCR products from one virus (Rabies 

Lyssavirus isolated from Mus Musculus) into PCR products obtained from another (mostly 

degraded) sample, as Materials with obvious evidence of amplicons (SRR9644024) contained far 

greater concentration of such repeats than the degraded base material without being spiked with 

the amplicons (SRR975462), and other datasets obtained from the same method as SRR9644024 

(SRR9643845, SRR580366 and SRR847275) failed to show evidence of anomalies. 

We also analyzed a metagenomic benchmark study which performed sequencing and analysis of 

different matrices Spiked with viral RNA, SRR7985096, SRR7985090 and SRR7985092. We 

discovered a trend of bacterial depletion as the amount of Spiked material is increased, which 

suggest that depletion of bacteria may also serve as a marker of sample manipulation, as 

manipulation of nucleic acid material invariably resulted in the degradation of original nucleic 

acids within the sample through various different processes. 

 

Fig.31: Analysis of SRR7985096, SRR7985090 and SRR7985092. A trend of decreasing bacterial 

reads were observed when comparing the Mock Spiked (without viral RNA) material and material 



Spiked with an increasing amount of viral RNA. 

When the only 3 datasets on NCBI with the observed anomalies were compared against each 

other, a pipeline of metagenomic fabrication, involving the “rehosting” of viral reads from one 

sample to another through the Mixing in of PCR amplicons of the virus into a heavily degraded 

sample “matrix”, is clearly revealed: By adding a single amplicon of Rabies Lyssavirus from Mus 

Musculus into a mixture of degraded tissue samples similar to SRR9643845, A dataset similar to 

SRR9644024 is generated. By adding multiple amplicons from a plethora of different 

Coronaviruses into a degraded fecal sample similar to SRR975462, a dataset similar to the mNGS 

dataset of RaTG13 is generated.  

Through comparative analysis of multiple datasets, we have also discovered the signature of such 

manipulation—the depletion of bacterial reads were the result of extensive sample manipulation 

destroying the original RNA within the matrix sample, while the enrichment of Telomere-like 

repeats is the result of spiking with material prepared using extensive, high cycle time PCR 

methods, especially those that are used for the manipulation of nucleotide sequences In Vitro.  

We therefore urge all current studies that uses RaTG13 as the basis of argument on the origin of 

SARS-CoV-2 to be immediately revised and corrected. 
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