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Transfer RNA (tRNA) molecules have long been thought of as housekeeping molecules whose
activities revolve solely around the translation process of messenger RNA into an amino acid
sequence (1). This view is slowly being revised in light of accumulating evidence that tRNAs
regulate cell phenotype (2,3) and are also sources of short non-coding RNAs (ncRNAs) (4,5)
with largely unknown functions (6-8) that have variable lengths and are produced constitutively
in different tissues in a manner that depends on a person’s gender, population origin, race as

well as tissue, tissue state and disease type/subtype (9).

For many years, the gtRNAdb repository (10) has been a key resource for researchers studying
tRNAs. In light of the renewed research interest in this class of molecules, we have been
eagerly anticipating version 2.0 (v2.0) of the gtRNAdb that was just released on line at

http://gtrnadb.ucsc.edu/ and accompanied by a matching article (11). We were surprised to

discover that v2.0 contains mistakes that are bound to adversely affect experimental studies of
tRNAs and analytical pipelines, if not corrected promptly. We highlight these mistakes below by
referencing the Homo sapiens portion of the database, which, according to the authors (11), is

one of the most referenced sections of gtRNAdDb. In our discussion, we will be using human

genome assembly hg19 of v2.0 (accessible through http://lowelab.ucsc.edu/GtRNAdb/Hsapi19/)

to facilitate comparisons with v1.0 of gtRNAdb that was based on hg19.

Sweeping, undocumented and disputable changes compared to version 1.0
In (11), Chan and Lowe state that they populated gtRNAdb v2.0 using a method that underwent
major development but has not yet been peer-reviewed: the method is cited in (11) as “Chan et
al., in preparation.” The differences in the Homo sapiens tRNAs between the two versions of
gtRNAdb are pervasive. In the absence of a description of the used methodology, we are limited
to enumerating the changes between the two versions to enable a more detailed analysis when
the description of the used method becomes available. Specifically for Homo sapiens:
- 74 of the 625 human tRNAs originally in v1.0 have been deleted and are now absent
from v2.0 (Supp. Table 1);
- 41 of the 102 original human pseudo-tRNAs of v1.0 have been elevated to tRNAs in v2.0
(Supp. Table 2);
- 20 human tRNAs had their end-points modified in v2.0 compared to v1.0 (Supp. Table
3);
- 6 human tRNAs had their anticodon changed from v1.0 to v2.0 (Supp. Table 4); and,
- 60 new human tRNAs have been added in v2.0 (Supp. Table 5).



Of the 60 additions to v2.0, 39 were published in 2014 as part of a collection of 497 such

sequences we reported in the human genome (see (12,13) and Supp. Table 5).

Many of the new or modified human tRNAs have secondary structures that deviate
substantially from the tRNA cloverleaf
In v2.0 of gtRNAdb, Chan and Lowe use a covariance model to propose a more relevant
secondary structure for the listed tRNAs: the covariance model accounts for nucleotide
modifications that could be affecting folding. Because it relies on additional information, the
resulting structure will generally differ from the one corresponding to the minimum folding
energy. We inspected manually the secondary structures of those human tRNA entries that are
new to v2.0 and evaluated them from the standpoint of whether they form properly folded
secondary structures (“cloverleaf”). We found that:

- atleast 9 of the 41 elevated pseudo-tRNAs,

- atleast 15 of the 20 entries whose endpoints changed in v2.0, and

- atleast 18 of the 60 newly added tRNAs
have secondary structures that deviate greatly from the tRNA cloverleaf (Supp. Table 6). In
particular, in these cases the reported covariance model structures exhibit one or more
instances of the following: mismatch at 1-72 base pairing; one or more mismatches at the stem;
a bulge at the stem; unusual anticodon-loops; missing D-loop; missing T-loop; etc. Figure 1

shows six such examples.

In (11), Chan and Lowe do acknowledge that some of the covariance model structures that they
report may be problematic and argue that their inclusion in v2.0 should spur research into
tRNAs rather than hinder it. Considering that gtRNAdb is the go-to repository for those engaging
in tRNA research (e.g. (7-9,12-25)), there is clear risk that users may not lend the proper weight
to tRNAs whose secondary structures do not resemble the typical cloverleaf. Consequently,
instead of being questioned, the corresponding ““RNA” sequences would become members of
the collection of tRNAs that are encoded by the human genome. In our opinion, it would have
been more prudent to delegate these sequences into a group of “candidate tRNAs” while
awaiting the generation of evidence by the community either in favor of or against their tRNA

nature. We note that in v2.0 no entries are labeled as “pseudo-tRNAs.”

V2.0 contains numerous incorrect legacy identifiers

To help ensure continuity between versions, developers typically make available tables that link



new and old identifiers. Such tables are indispensable since they enable researchers to identify
the correct tRNA sequence using an older label for it that they may encounter in a previous
publication. GtRNAdb v2.0 contains 606 entries: for 405 of them the legacy identifiers have
been reported incorrectly (Supp. Table 7). Specifically:

- legacy identifiers were associated with the 60 new entries of v2.0 — since these entries
did not exist in v1.0 they should not have been assigned legacy identifiers;

- for 331 entries among those whose coordinates did not change between the v1.0 and
v2.0 the legacy identifier claimed in v2.0 does not match the identifier that the entry had
in v1.0; and,

- 14 entries that had their endpoint coordinates shifted between v1.0 and v2.0 were
assigned legacy identifiers that do not match those of the original instance of the

sequence in v1.0.

Many v2.0 tRNA records contain incongruent data that contradict their counterpart NCBI
Gene and HGNC records

Each human tRNA record in v2.0 comprises a unique identifier, e.g. Lys-TTT-3-3, an associated
set of global genomic coordinates (chromosome, strand, from/to endpoints), and the
corresponding tRNA sequence. This identifier allows one to retrieve the unique NCBI Gene
record for the respective human tRNA. For 116 of the 606 human tRNAs in gtRNAdb v2.0, their
gtRNAdb records list different chromosome, strand, and endpoint information than the
respective NCBI Gene record (Supp. Table 8). It is unclear which of the records (gtRNAdb or
NCBI Gene) should be treated as the “correct” ones. In some instances, the records form long
“chains” of incongruent labels and coordinates. This is highlighted by the example in Figure 2:
gtRNAdb v2.0 associates tRNA-iMet-CAT-1-2 with coordinates 6_+_ 26286754 _26286825;
looking up tRNA-iMet-CAT-1-2 at NCBI Gene shows that this tRNA is associated with
coordinates 17_-_80452597_80452668; looking up 17_-_80452597_80452668 in gtRNAdb v2.0
shows that it is associated with tRNA-iMet-CAT-1-8, which in NCBI Gene is associated with
coordinates 6_- 27870271 _27870342, which in gtRNAdb v2.0 is associated with tRNA-iMet-
CAT-1-7, which in NCBI Gene is associated with coordinates 6 _- 27560600 27560671, etc.
Eventually, we reach NCBI Gene’s record for tRNA-iMet-CAT-1-3 that claims the latter’s
coordinates as being 6_+_ 26286754 26286825, which gtRNAdb associates with tRNA-iMet-
CAT-1-2 in gtRNAdb. Several more examples of incongruent such chains can be seen among
the data of Supp. Table 8.



The incongruent contents of gtRNAdb v2.0 records are not confined to NCBI Gene. The
database that is maintained by the “HUGO Gene Nomenclature Committee” (HGNC, accessible

through http://www.genenames.org/) reveals similar inconsistencies. This is particularly

problematic because in gtRNAdb v2.0 each of the Homo sapiens tRNA records links directly to
the corresponding HGNC record. Examples of such incongruent records include: tRNA-Asp-
GTC-2-10 (listed as appearing on chr. 12 by gtRNAdb v2.0 and on chr. 6 by HGNC), tRNA-Asp-
GTC-2-6 (listed as appearing on chr. 6 by gtRNAdb v2.0 and on chr. 12 by HGNC), tRNA-Pro-
TGG-3-2 (listed as appearing on chr. 14 by gtRNAdb v2.0 and on chr. 16 by HGNC), tRNA-Pro-
TGG-3-5 (listed as appearing on chr. 16 by gtRNAdb v2.0 and on chr. 5 by HGNC), tRNA-Pro-
TGG-3-1 (listed as appearing on chr. 5 by gtRNAdb v2.0 and on chr. 14 by HGNC), etc.

Conclusion

Even confining ourselves to the 606 records contained in the Homo sapiens portion of gtRNAdb
v2.0 we encountered a significant number of incorrect legacy identifiers, inaccurate genomic
information, conflicting references, etc. Because gtRNAdb is such a valuable resource for many
scientists, it will be imperative that these problems be corrected promptly before they taint the

pipelines of researchers worldwide.
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FIGURE CAPTIONS

Figure 1. Six examples of entries that are new to v2.0 of gtRNAdb. Even though the structures
were established with the help of the covariance model, they deviate considerably from the
typical tRNA cloverleaf structure. A: tRNA-Lys-CTT-chr15-5 — missing acceptor stem. B: tRNA-
Leu-CTA-chr5-1 — missing anticodon stem. C: tRNA-Cys-ACA-1-1 — no cloverleaf structure. D:
tRNA-Leu-CAA-7-1 — missing D arm/loop. E: tRNA-GIn-CTG-13-1 — missing anticodon
arm/loop. F: tRNA-Cys-GCA-chr11-21 — missing T arm/loop.

Figure 2. An example of incongruent data contained in multiple gtRNAdb v2.0 records and
NCBI Gene records. The first row’s (tRNA-iMet-CAT-1-2) gtRNAdb v2.0 and NCBI Gene

records can be seen at http://gtrnadb.ucsc.edu/genomes/eukaryota/Hsapi19/genes/tRNA-iMet-

CAT-1-2.html and http://www.ncbi.nim.nih.gov/gene/?term=trna-iMet-CAT-1-2 respectively;

similarly for the other entries. See also text for an explanation.
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Figure 2
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