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tRNAs are post-transcriptionally modified by chemical modifications that affect all aspects

of translation. In any given genome, a range of 10 genes in intracellular bacteria or

symbiont to over 130 genes in higher eukaryotes are dedicated to this process. The near

complete sets of tRNA modification genes are currently available for only one organism

per domain of life: Saccharomyces cerevisiae for Eukarya, Escherichia coli for Bacteria

and Haloferax volcanii for Archaea. In this study, we set out to analyze to analyze the

current status of annotation of these genes in Uniprot. We also predicted the tRNA

modification genes in three other model organisms: the model gram-positive Bacillus

subtilis 168, the model methanogen Methanocaldococcus janaschii and in Homo sapiens.

In all cases, additional experimental analyses were required (LC/MS or tRNA-Seq) to

confirm the identify and location of many modifications. Theses analyses revealed major

differences in different organisms from the same kingdom, not only between the

modifications found but also in the choice of enzymes catalyzing the same reactions. In

addition, as an increasing number of mutations underlying human genetic diseases map to

genes encoding for tRNA modification enzymes and our knowledge on human tRNA-

modification genes remains fragmentary, this work provides a comprehensive up-to-date

compilation of human tRNA modifications and their enzymes that can be used as a

resource for further studies.
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Background

55 four genes have been shown to be involved in tRNA modification in the the gram-negative model

Escherichia coli K12.The only missing ones are those involved in the synthesis of ho5U34 and

acp3U47 (in red). Only a few are essential (in blue) and three (RluA, RluF and RlmN, starred) are dual

specificity enzymes that also target rRNA molecules. 54 of these genes were correctly annotated in

Uniprot at the time of the analysis (January 2019). The only one that was not was RluF, as the tRNA

modification activity (ref [4]) was not captured. Conversely when the GO terms “tRNA modification

were used to query the E. coli K12 proteome using query: goa:("tRNA modification [6400]") AND

organism: "Escherichia coli (strain K12) [83333]" 53 proteins were retrieved however these were not

all correct. All the preQ0 synthesis proteins were missing (FolE, QueDCEF) as well as the last

enzyme of Queuosine synthesis, QueG. In addition, AlaRS and RimO were incorrectly linked to tRNA

modification. For the last two gene that did not overlap with our curated list: Fmt (Met-tRNA(fMet)

formyltransferase) and LasT (Uncharacterized tRNA/rRNA methyltransferase LasT (EC 2.1.1.-)), one

can understand the GO term linkage, because of the functional overlap.

Predicted Human tRNA modification enzymes

Predicted Methanocaldococcus janaschii tRNA 
modification genes 

The consensus modifica–

tion sequence for M.

jannaschii tRNAs. The

positions of modifications

placed on the tRNA

secondary structure were

experimentally validated.

The positions of

modifications predicted or

reported in other studies

are listed below. The 28

predicted modifications

enzymes are noted in red

if the modification was

experimentally mapped

and in green if it was not,

At least 5 genes are

missing. The full analysis

can be found in ref [6] .

The analysis is based on presence of genes as well as LC/MS analysis of bulk tRNA

from Bacillus subtilis 168. We predicted 41 modifications genes with evidence codes.

Starred are essential modifications, in green are those that use a different family than

E. coli to perform the same reaction, in red a re uncertain or missing enzymes.
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Cloverleaf representation of human

tRNA, with modified positions indicated

for (A) cytoplasmic and (B)

mitochondrial tRNAs, respectively,

indicating genes/ proteins

experimentally validated in human,

predicted with high confidence in other

species, unknown with predictions,

and unknown with no predictions)

Evidence codes: [5] in vivo data in

mammals; [4] in vivo data of the

human or a related mammalian

enzyme in a heterologous host; [3] in

vitro data using the human enzyme; [2]

similarity to an experimentally vali-

dated gene in a non-mammalian

species; [1] candidates that have not

been verified in any organism; [0] no

clear candidate [6] enzymes that have

been experimentally validated in the

cytoplasm but not in mitochondria. We

estimate that between ∼135 genes are

required to modify cytosolic and

mitochondrial tRNAs and that 23% of

these genes still need to be identified

and that another 22% require further

experimental validations. Approxim-

ately 50% of the human modification

genes have been linked to a number of

human diseases Searching for “tRNA

modification” GO in Homo sapiens

uniprot in uniport captured 84 correct

genes and 2 incorrect. Approximately

50% of the human modification genes

have been linked to a number of

human diseases. Full analysis in Ref

[5].
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The major locations of

tRNA modifications are in

the Anticodon Stem Loop

(ASL) or in the structural

core of the tRNA formed by

the D-loop and and TYC-

loop. Their function can be

structural but many

modifications have key

roles as determinants or

anti-determinants for other

components of the

translation apparatus.

Finally, ASL modifications

have often key roles in

decoding and the in

translation efficiency and

accuracy. See refs [1] and

[2] for reviews.
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