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The initial analysis of the draft copy of the human
genome sequence revealed the presence of several
genes that were proposed to have been directly trans-
ferred from bacteria. We investigated the human D-1
antigen as a potential lateral transfer event. We report
that although the human D-1 antigen seems to be an
excellent candidate for lateral transfer, it is a contami-
nating bacterial sequence present in a human cDNA
library that was included in the human genome analy-
sis. Furthermore, several other genes present in the
publicly available databases that were included in the
analysis of the human genome are also likely contami-
nating bacterial sequences present in cDNA libraries.
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In the report by the International Human Genome
Sequencing Consortium describing the first draft of the
human genome, it was proposed that 113 genes were poten-
tially horizontally transferred from bacteria into vertebrates
[1,2]. Since this initial report, most of the cases have been
discounted due to more rigorous analyses [3–5]. Of the
approximately 50 genes that have not been discounted, sev-
eral potential candidates remain. We investigated whether
one of these genes, encoding the human D-1 antigen, is an
example of a gene transferred directly from bacteria to
humans.

The human D-1 antigen was identified from a cDNA
expression library derived from the A375 melanoma cell
line as a clone reactive to pooled sera from patients with
melanoma [6]. The D-1 transcript was identified in multi-
ple transformed cell lines, but was absent from primary
cells [6]. The D-1 cDNA sequence is highly similar to a 
5�-portion of the recN genes from many bacteria. Extensive
BLAST analyses of all publicly available sequence databases
showed that there are no known eukaryotic homologs to the
human D-1 cDNA sequence. Thus D-1 is an excellent can-
didate for bacterial to vertebrate transfer.

Neighbor-joining analysis revealed that of the 28 RecN
sequences scoring with the highest probability in a BLASTP
search of the NCBI database, the closest homologs to the 
D-1 antigen are the RecN proteins from the genera Ralstonia
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and Neisseria (Fig. 1). Ralstonia solanacearum is a plant
pathogen and would not be expected to have the opportu-
nity to transfer DNA into the human germ line. Neisseria
gonorrhoeae is an obligate human pathogen, a characteristic
consistent with the exchange of genetic information
between bacteria and humans. The Neisseria recN genes are
almost identical and share 51% nucleotide sequence iden-
tity with the D-1 antigen over their shared sequence (Fig.
2). N. gonorrhoeae lives predominately in the human genital
tract, can adhere to human sperm, is extremely autolytic,
and is capable of secreting its DNA into the surrounding
milieu [7–9]. Thus, N. gonorrhoeae has the means and oppor-
tunity to transfer genes into the human germ line.

If the D-1 cDNA was produced from a gene that had
originated from N. gonorrhoeae, there would be three fea-
tures that would strongly support this phylogeny: first, the
flanking sequences might be similar to the sequences flank-
ing the recN gene in N. gonorrhoeae; second, the gene would
not carry introns; and third, the codon usage would be
closer to that of Neisseria than humans. Analysis of the
codon usage in the D-1 cDNA showed it did not match
Neisseria or human codon preferences (data not shown). The
D-1 genomic sequence was not found in any publicly avail-
able human sequence database, and none of the people con-
tacted who have previously published results using the 
D-1 cDNA were able to supply us with a D-1 cDNA clone.
Therefore, we attempted to amplify the D-1 gene from
human genomic DNA isolated from neuroblastoma, ery-
throleukemia, and B-lymphoid cell lines reported previ-
ously to express D-1 mRNA, using PCR with multiple
primer pairs spanning different portions of the cDNA
sequence. We were unable to amplify a D-1 gene product
from any genomic DNA samples even though the �-actin
gene was amplified from all samples (data not shown). To
circumvent the possibility that all D-1 primer pairs used
flanked an intron, we carried out PCR using cDNA as tem-
plate. We were unable to amplify the D-1 gene from multi-
ple cDNA sources, including the A375 cell line from which
the original D-1 cDNA was isolated, even though �-actin
and gap-dh specific primers produced the predicted 
products (data not shown). Finally, examination of the
human genome revealed that the D-1 cDNA sequence was
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FIG. 1. Neighbor-joining phylogenetic analysis of the predicted D-1 protein sequence and RecN homologs. All organisms listed represent the top hits in a BLASTP
search of the NCBI database. The location of the D-1 antigen in the tree is highlighted in black.
not present in any available sequence data. Therefore, our
inability to analyze the genomic sequence within and 
surrounding D-1 have made it impossible to determine if
the D-1 gene carries introns, or if the sequences flanking 
D-1 are similar to the sequences flanking the recN gene in
N. gonorrhoeae. In combination, these negative results sug-
gest that the D-1 cDNA is not a product of a human gene,
but was present in the cDNA library as a contaminating
bacterial sequence that reacted with the pooled melanoma
sera. The close similarity of the D-1 sequence with bacter-
ial recN genes supports this conclusion, and suggests that
the source organism was an unsequenced bacterial species.

The misidentification of the D-1 cDNA as the product of
a human gene may not be unique. Of the 52 genes with no
obvious eukaryotic homologs suggested to be potential
cases of lateral transfer [1], approximately 26 have not yet
been eliminated by other groups [2–5]. Of these, six (includ-
ing the D-1 cDNA) cannot be found in the publicly avail-
able human sequence databases. We have not tried to 
isolate these genes from human DNA, but five of these six
genes were identified as cloned cDNAs from human cell
line expression libraries. Additionally, BLAST analysis
revealed that genes scoring with the highest E-values to the
six are found in bacterial genomes. These observations 
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support the hypothesis that several of the genes reported to
be demonstrations of lateral transfer of DNA from bacteria
to humans are actually contaminating bacterial sequence
present in cDNA expression libraries.

Reasons for mistakenly ascribing a bacterial origin to
many of these genes include the failure to compare candi-
date genes with all known non-vertebrate sequences [4,5]
and the failure to use appropriate phylogenetic analyses
[3]. We have identified another possible explanation: the
gene in question may not actually be of human origin. Our
findings emphasize that the public databases may contain
many gene sequences with misleading phylogenies and we
suggest that efforts be made to verify the source organism
of deposited genes.
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FIG. 2. Nucleotide alignment of the entire
human D-1 antigen and a portion of the N.
gonorrhoeae recN gene over their shared
sequence. Identical nucleotides are boxed in
black.
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