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tRNA (transfer RNA) genes encode RNA molecules that play a key role in protein syn-
thesis. Each tRNA molecule carries a specific amino acid and recognizes codons on the
mRNA through its anticodon sequence. During translation, tRNAs deliver the correct
amino acids to the ribosome, where the amino acids are linked together to form a pro-
tein. The anticodon-codon pairing ensures that the amino acids are added in the proper
sequence according to the mRNA template. Thus, tRNA genes are essential for trans-
lating genetic information into functional proteins.

Currently, the most accurate tool for identifying
tRNAs is tRNAscan-SE. tRNAscan-SE outputs a
table with a tRNA classification based on the
predicted anticodon and a classification based
ontheisotype covariance model with the highest
score. In addition, several scores are provided
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Figure 1: Cloverleaf scheme of a tRNA molecule demon-
strating the official nucleotide numbering (dark-grey
boxes). Light-grey boxes represent optional nucleotides.
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that are calculated as part of the tRNA identifi-
cation process: the infernal score, the HMM
score, the secondary structure score and the iso-
type score. tRNAscan-SE classifies many tRNA
regions derived from SINEs (short interspersed
repeated elements) as pseudo-genes. Although
there are updated covariance models in the lat-
est version of tRNAscan-SE, for eukaryotic ge-
nomes the number of mismatches between anti-
codon and isotype model increases with the
number of recognized tRNA genes. The reason
for this behavior is the process of generating the
covariance models, in which the 50 tRNAs with
the highest score per isotype and genome were
selected for the training set. Many eukaryotes
have dozens to hundreds of specific tRNA iso-
types, from which the same ones were always se-
lected, making the covariance models too strin-
gent.

A manual review of all questionable classifica-
tions of tRNAs is not possible. Building better co-
variance models would require a statistically bal-
anced inclusion of dozens, if not hundreds, of ge-
nomes per taxon. Taxa are terms used to classify
groups of organisms based on shared character-
istics and represent units in the hierarchy of spe-
cies classification. Taxa do not contain quantita-
tive information, such as the number of species
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and sub-taxa included or the time at which the
respective taxon originated on earth. Therefore,
it is very difficult to obtain a representative rep-
resentation of taxa. In addition, genome assem-
blies may contain mixtures of nuclear and orga-
nellar genomes and may have surprises in terms
of tRNA and other gene content. To maximize
the predictive power of tRNAscan-SE, we rec-
ommend identifying tRNAs with most of the of-
fered search modes and classifying tRNA regions
based on parsimony. For example, atRNA region
that shows a mismatch between anticodon and
isotype model in one mode (e.g. eukaryotic) may
have a clear classification in another mode (e.g.
bacterial).

For mendle-analytics, we follow the described
process of classification based on parsimony. Re-
maining tRNA regions with mismatch of antico-
don and isotype model are annotated as non-
cognate tRNAs. tRNA regions with the tRNAs-
can-SE annotation “pseudo” are annotated as
pseudogenes.

A separate tRNA for each of the 61 amino acids
would come at a significant cost for maintaining
each tRNA gene and minimizing translation er-
rors. Instead, the recognition accuracy of the
third codon position is freed up to a certain ex-
tent so that a single tRNA can couple to two or
more codons by wobble base pairing.

A-to-l editing (deamination of A34 to inosine) oc-
curs in all eukaryotes. The tRNAs with INN anti-
codons generated in this way can form a base-
pair with C, U and A at the third codon position.
All boxes of the three and four-codon families
are usually decoded by an A-to-l edited tRNA NN
and by both tRNAunn and tRNAcwn. The

exception is the glycine four-codon box, where
the glycine codons are never decoded by
tRNAAcc, but by combinations of the other three
tRNAs in this family box. tRNAgnn, tRNAunn and
tRNAcnN are required to decode all two-codon
sets. AtRNAann in a two-codon set would be sus-
ceptible to A-to-l editing and subsequent mis-
translation of codons from the neighboring two-
codon set.

Methionine tRNAs are a specialized type of
tRNA that carry the amino acid methionine to
theribosome during protein synthesis. There are
typically two types: initiator tRNA (tRNAMet jn
eukaryotes and tRNA™et in prokaryotes), which
is responsible for recognizing the start codon
(AUG) in mRNA and initiating translation, and
elongator tRNA (tRNAMet), which incorporates
methionine into the growing polypeptide chain
duringelongation. The initiator tRNA is unique in
its ability to bind directly to the ribosome’s P-
site, setting the stage for translation to begin.
Both types of tRNAs have no common evolution-
ary origin, but are loaded by the same methionyl-
tRNA synthetase.

The annotation of methionine tRNAs in eukary-
otes is not yet fully understood. Methionine
tRNAs, which are annotated as tRNA™et when
using bacterial covariance models, are consist-
ently annotated as elongator tRNAMet when us-
ing eukaryotic covariance models. The current
version of tRNAscan-SE does not include a co-
variance model for a eukaryotic tRNA"e2, tRNA
genes that are annotated as tRNA"®2 when using
bacterial covariance models are annotated as all
types of non-cognate tRNAMet when using eukar-
yotic covariance models. tRNAs of type tRNA'"e2
contain CAU anticodons, but their cytidine nu-
cleotides at position 34 are modified and be-
come lysidine in bacteria, agmatidine in archaea,

GAA
anticodon 3’ GAI GAU GAC 5' tandard
' .[ [ .l ----- wobble
codon 57 CUC CUU CUA CuUG 3’

Figure 2: Base pairing between mRNA codons and tRNA anticodons. Watson-Crick base pairing is preferred, but other pairings
are also possible, of which the most prominent are the wobble base pairings.
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and 2-aminovaleramidine in chloroplasts. The
modified tRNA""*? recognizes the UAU codon.
Whether eukaryotes or some of their lineages
contain tRNA"®2, and if so, how the cytidine is
modified to match adenine, remains an open

question.
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Figure 3: Genetic code matrix with the numbers of cognate-tRNA genes per respective codon
(nucleotide triplett). Because of efficiency reasons, some tRNAs are rarely found in four-co-
don-boxes (dark turquoise contour). Because of potential mistranslation through wobble base
pairing, tRNAann of two-codon-boxes (decoding NNU codons) are usually absent in genomes.

[ FNTT Ve [ W LT VLT LT T VLT T eeweTer! | T v S WL IV T VLT T T YT T



