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ABSTRACT

Malaria is a life-threatening and devastating parasitic disease. Our previous work showed that parasite
development requires the import of exogenous transfer RNAs (tRNAs), which represents a novel and
unique form of host-pathogen interaction, as well as a potentially druggable target. This import is
mediated by tRip (tRNA import protein), a membrane protein located on the parasite surface. tRip
displays an extracellular domain homologous to the well-characterized OB-fold tRNA-binding domain,
a structural motif known to indiscriminately interact with tRNAs. We used MIST (Microarray
Identification of Shifted tRNAs), a previously established in vitro approach, to systematically assess
the specificity of complexes between native H. sapiens tRNAs and recombinant P. falciparum tRip. We
demonstrate that tRip unexpectedly binds to host tRNAs with a wide range of affinities, suggesting that
only a small subset of human tRNAs is preferentially imported into the parasite. In particular, we show
with in vitro transcribed constructs that tRip does not bind specific tRNAs solely based on their primary
sequence, hinting that post-transcriptional modifications modulate the formation of our host/parasite
molecular complex. Finally, we discuss the potential utilization of the most efficient tRip ligands for the
translation of the parasite’s genetic information.

INTRODUCTION

Malaria is a common, sometimes fatal, disease known to cause seizures, as well as damage to the
brain and other organs. In 2018, there were 228 million cases of malaria reported with an estimated
405,000 deaths worldwide. Children under the age of five are particularly susceptible to infection, with
272,000 deaths reported in a single year (1). All protozoan parasites that cause malaria belong to the
genus Plasmodium and have a complex life cycle (2). They develop in two different hosts: a common
invertebrate (the female Anopheles mosquito) and a vertebrate specific for each Plasmodium species.
Over 250 Plasmodium species infect reptiles, birds, and mammals. Among them, six species infect
humans including Plasmodium falciparum, the most dangerous strain, especially for children (3).

We have previously shown that sporozoites (i.e. the extracellular infective form of Plasmodium isolated
from salivary glands of infected mosquitoes) import extracellular transfer RNAs (tRNAs) via a surface
protein that we named tRip for tRNA import protein (4). tRNAs are small noncoding ribonucleic acids
that are essential for the translation of messenger RNAs. They are first aminoacylated by cognate
aminoacyl-tRNA synthetase (aaRSs), then they transport their amino acid to the ribosome for the
polymerization of cellular proteins (5). tRip is expressed over the entire parasite life cycle; in vitro, its
specific and strong affinity for tRNAs relies on interactions between its C-terminal domain with the
three-dimensional structure of tRNAs. Immunolocalization and cell fractionation experiments
demonstrated that tRip is an integral plasma membrane protein (at both the sporozoite and blood
stages) that displays its C-terminal tRNA-binding domain into the extracellular space. Further
experiments with a tRip knock-out parasite showed that although the protein is not essential for
survival, it is important for overall parasite fitness and required for the import of extracellular tRNAs (4).

Plasmodium tRip was bioinformatically identified when searching for homologs of well-known tRNA-

binding modules such as Aquifex aeolicus Trbp111 (6, 7) and Saccharomyces cerevisiae Arc1p (8).



tRip is highly conserved amongst Plasmodia (Figure 1A), and it displays an N-terminal GST-like
domain and a C-terminal OB-fold tRNA-binding domain. OB-folds are often fused to the N- or C-
termini of aaRSs and increases their affinities for cognate tRNAs and are found in all kingdoms of life
(9). OB-fold tRNA-binding domains can also be free-standing or fused to non-catalytic proteins. For
example, Aquifex aeolicus Trbp111 is a free-standing homodimeric OB-fold that binds to all tRNAs
with high affinity (Kg = 32 nM) sequence independently based on the recognition of the conserved
“tRNA elbow” structure (6).

The eukaryotic homolog of Trbp111 is a monomeric OB-fold. Monomeric OB-folds display additional
positively charged residues at their N-terminus and a C-terminal portion that coincides to the bacterial
Trbp homodimer dyad axis (10, 11). Eukaryotic proteins containing tRNA-binding modules are
essential for assembly of multi-aaRSs (MARS) complexes and prevent tRNA diffusion in the
cytoplasm; tRNA channeling to MARS directly improves the efficiency of tRNA aminoacylation which in
turns enhances translation (8, 12, 13). In H. sapiens, an OB-fold called EMAPII (Endothelial Monocyte-
activating Polypeptide Il), is involved in cell signaling when cleaved from AIMP1 or cytosolic tyrosyl-
tRNA synthetase (14-16).

Although tRNA-binding modules have been one of the foci of our scientific community, it should be
noted that only two of them have been investigated so far for their specificity toward individual tRNA
species, namely Saccharomyces cerevisiae Arc1p and Trypanosoma brucei MCP2 (17, 18). S.
cerevisiae Arc1p has a GST-like N-terminal domain involved in the formation of the small yeast MARS
complex by binding to the N-terminal domains of both glutamyl- and methionyl-tRNA synthetases
(ERS and MRS, respectively) (8, 19); the corresponding ternary complex regulates the cellular
localization of MRS and ERS (20, 21). Within the complex, the C-terminal OB-fold domain specifically
increases the affinity of MRS and ERS for their cognate tRNA substrates, namely tRNAet and tRNAG
respectively (22). Interestingly, free-standing Arc1p exhibits broader specificity toward tRNA species
(18). Likewise, free-standing T. brucei MCP2, a tRNA-binding protein that normally associates with the
parasite MARS-complex, displays new patterns of affinities and specificities toward tRNAs including
species that are not substrates of the subset of aaRSs present in MARS (17). Arc1p- and MCP2-
associated tRNAs do not share any obvious features and the experimental procedures employed did
not allow a systematic assessment of individual tRNA species. The bottom line is that the molecular
rules that govern the formation of these RNA/protein complexes remain largely unknown for all OB-
fold RNA binding proteins.

Based on our earlier electrophoretic mobility shift assays (EMSAs), we reported that tRip forms
complexes with all human tRNAs when present in non-limiting concentrations (4). In the present study,
we revisited this observation to systematically assess the selectivity of P. falciparum tRip toward each
human tRNA. We employed a proven technique, where tRip-bound tRNAs isolated from total human
tRNA extracts were hybridized on tRNA microarrays for efficient identification. This approach named
MIST for Microarray Identification of Shifted tRNA, was first used to identify non-cognate tRNAs
complexed to yeast arginyl-tRNA synthetase (RRS) (23). Since the tRNA binding domain of tRip is



located on the parasite surface away from the cytoplasmic content, its binding specificity was tested
exclusively against total tRNAs from its human host in the absence of any parasite tRNAs or other
molecules. The overarching objective of this study was to clarify how tRip interacts with human tRNAs
and to determine which tRNAs are most likely to enter the parasite, to give us valuable insight into the

role of these imported species in the physiology of Plasmodium.

MATERIAL AND METHODS

tRip cloning and production

P. falciparum wild-type and variant tRip genes (1-402, 200-402, 238-402, and 200-402*) were cloned
into the expression vector pET15b to produce proteins fused to a 6-histidine tag at their N-termini. The
asterisk in tRip200-402* indicates Ser312Ala/Met315Ala double mutant. Expression was induced with 0.5
mM isopropyl-p-D-thiogalactopyranoside at 18 °C overnight and Hiss-tagged proteins were purified on
Ni-NTA resin (Sigma-Aldrich). Purifications were performed in the presence of 50 mM HEPES-NaOH
pH 8.0, 300 mM NaCl, 5 mM B-mercaptoethanol, 10% (v/v) glycerol, and 0.005 % (w/v) n-dodecyl-3-D-
maltopyranoside (DDM). The wash step recommended by the manufacturer was modified to include a
linear and increasing gradient of NaCl from 300 mM to 2 M followed by a decreasing gradient back to
300 mM NaCl to remove any nucleic acids interacting with the resin-bound tRip. Recombinant proteins
were further purified by gel filtration (Superdex 200, GE Healthcare) in 25 mM HEPES-KOH pH 7.0, 75
mM KCI, 5 mM B-mercaptoethanol, 10% (v/v) glycerol, and 0.005 % (w/v) DDM, then dialyzed

overnight at 4°C against the same buffer containing 30% (v/v) glycerol and finally stored at -80 °C.

RNA preparation

Hela cells were washed in phosphate-buffered sodium (PBS) and total RNA was extracted using Tri-
Reagent (Sigma-Aldrich) according to the manufacturer’s instructions. Further fractionation was
performed on a gel filtration column (Superdex 200) in 50 mM HEPES-KOH pH 7.5, 150 mM NaCl in
order to isolate tRNAs from mRNAs and ribosomal RNAs. Human tRNA*Yc was purified by
hybridization to a complementary 3’-biotinylated probe (5-ATCCGTAGTCAGACGCGTTA-
TCCATTGC-3') as described previously (24). Saccharomyces cerevisiae native tRNAs (tRNAT™cch,
tRNALUcan, IRNAYZanc, tRNAAPGTc, tRNAMet tRNAPM®Gan and tRNA"®au) were purified as in (25, 26)
and their sequences were confirmed by mass spectrometry (27). The genes coding four human tRNAs
(tRNAT a2, tRNARUTAG, tRNAAPGTc and tRNAASGTT) and S. cerevisiae tRNAP"caa were cloned
under the control of the Tz RNA polymerase promoter to produce the corresponding transcripts H.
sapiens (Hs) and S. cerevisiae (Sc) tRNA (Hstr™cer2, Hstr-®Utag, Hstr*Perc, Hstr*s"grr and Sctr"caa).
In addition, a minihelix™" was also synthesized. Transcriptions were performed for 3 h at 37 °C with
100 ng/pL of linearized plasmid and 5 ng/uL of Tz RNA polymerase in 40 mM Tris-HCI pH 8.1, 10 mM
dithioerythritol (DTE), 2 mM spermidine, 11 mM MgClz and 4 mM of GMP, ATP, CTP, GTP and UTP.
Transcripts were purified on a 12% denaturing polyacrylamide gel (19:1, 8 M urea), electroeluted, and
precipitated. Their concentrations were determined by UV absorbance at 260 nm.

Radioactive labeling of the 3’ end of tRNAs (SctrP"®can and tRNAs used with MIST) was performed on



140 pmoles of tRNA/transcript with 20 uCi [a:*?P]JATP in 50 mM Tris-HCI pH 8.0, 50 uM CTP, 10 mM
MgCl2, 8 mM DTE, and 6 ng/pL of yeast tRNA nucleotidyltransferase for 30 min at 37 °C (28).
Minihelices were 5’ radiolabeled as described in (29). Non-incorporated radioactive nucleotides were
removed on a NAP-5 column (GE Healthcare, Buckinghamshire, UK) before EMSAs and MIST

experiments or on a 12 % denaturing polyacrylamide gel prior to footprinting experiments.

Electrophoretic mobility shift assays (EMSASs)

Prior to use, all tRNAs and transcripts were renatured in H20 by heating at 65 °C for 2 min followed by
cooling for 10 min at room temperature in the presence of 10 mM MgClz. For direct EMSAs,
radiolabeled RNAs (1000 cpm/uL) were incubated for 20 min on ice in 25 mM HEPES-KOH pH 7.0, 5
mM MgClz, 75 mM KCI, 10% (v/v) glycerol, 20 nM oligo-dT with increasing concentrations of tRip
monomer: 0 to 250 nM tRip1-402 and tRip200402 or 0 to 2000 nM tRip23s-402, and tRip200-402*. For
competitive EMSAs, radiolabeled Sctr""caa (1000 cpm/uL) and 30 nM tRip1-402 monomers were
incubated in the presence of increasing amounts of unlabeled RNA competitors (12.5, 25, 50, and 100
nM). tRNA:tRip complexes were separated on a 6% native polyacrylamide gel (37.5:1) in TBE buffer
(Tris/Borate/EDTA) at 140V for 90 min at 4°C. Gels were dried and radioactive signals were quantified
by phosphorimaging on a Typhoon™ FLA 7000 (GE Healthcare). The ratio Free Sctr""®gaa/ (Free +
Bound Sctr™gaa) was plotted versus the concentration of competitive transcripts. The slope values

were used to determine the dissociation rate (Kg) for each tRNA:tRip complex to assess their relative

affinities for tRip. Molecules were tested at least 3 times; the mean of the slopes and SEM.

Footprint

tRip200-402 was previously dialyzed against 10 mM HEPES-NaOH pH 7.4, 10 mM NacCl, 10 mM MgCl-.
One uM Sctr™gaa (5000 cpm/uL) was incubated in Lead Buffer (50 mM Tris-acetate pH 7.5, 5 mM
magnesium acetate, 50 mM potassium acetate) with increasing concentrations of protein (2.6, 5.2 and
7.8 uM) for 20 min on ice to allow complex formation. Freshly prepared lead acetate solution (50 mM)
was added to each sample to a final concentration of 5 mM and cleavage reactions were run at 25 °C
for 8 min, quenched by adding EDTA (33 mM), extracted with phenol, and ethanol precipitated (in the
presence of 0.1 ug/uL of glycogen). The pellets were washed twice with 70% EtOH, vacuum-dried,
dissolved in gel loading buffer (90% formamide, 0.5 % EDTA, 0.1% xylene cyanol, and 0.1%
bromophenol blue), heated for 2 min at 90 °C, and analyzed on a 12% (19:1) denaturing
polyacrylamide gel. A lead-free control was run in parallel. For nucleotide assignment, alkaline
degradation was performed for 4 min at 80 °C in 50 mM NaHCOs pH 9.0 and the G ladder was
obtained by iodine cleavage of the Sctr""®gaa containing at most one phosphorothioate G per molecule
(30).

MIST

Increasing amounts of total tRNA (8 uM, 20 uM and 40 pM), purified from HelLa cells, were incubated

for 20 min at 4 °C with 2 pM tRip dimers in a total volume of 100 uL with EMSA buffer. These mixtures
were loaded on a 6% native gel and separated for 4 h at 140 V (10 °C). Bands were visualized by UV



shadowing and tRNAs were gel extracted using the crush & soak method (300 mM sodium acetate,

1 mM EDTA, 0.1% SDS) (31). The tRNAs were 3’-radiolabeled as described above before being
hybridized onto human tRNA arrays. Each chip consisted of 48 different probes, repeated 8 times (for
a complete and generic protocol please refer to (32)). These probes hybridize either to a unique tRNA
species (Arg-3h, Asn-1h, Asp-1h, Gly-2h, His-1h, Leu-3h, Lys-1h, Lys-3h, Lys4H, Met-1h, Sec-1h, Thr-
3h, Thr-4h, Val-4h), a group of tRNA isodecoders (Arg-1h, Arg-4h, Glu-2h, lle-2h, Leu-2hn, Leu-4h,
Leu-6h, Lys-2h, Met-2h, Phe-1h, Ser-1h, Ser-3h, Thr-1h, Thr-2h, Thr-5h, Tyr-2h), several isoacceptors
specific to the same amino acid (Ala-2h, Arg-2h, Glu-1h, Gly-1h, Leu-1h, Pro-1h, Ser-2h, Val-1h), or
tRNAs specific to different amino acids (Glu-3h, Ser-4h, Thr6h, Tyr-1h, Val-3h) (Supplementary Figure
S1). The tRNA arrays were hybridized and washed in an automated microarray hybridizer as
described in (32). The radioactive signal at each spot was captured by phosphorimaging, quantified
using ImageJ upgraded with a microarray plugin, and processed in Excel spreadsheets. Data were
normalized by calculating the ratio: Bound tRNA/(Bound tRNA + free tRNA).

RESULTS

Topology of tRNA:tRip complexes

Figure 1A shows an alignment of Plasmodium falciparum tRip with eight representative sequences
from other Plasmodia. A high degree of similarity is evident in both the N- (GST-like) and C- terminal
(EMAPII-like) domains whereas the short lysine-rich domain (K-rich) varies significantly. Recombinant
P. falciparum tRip variants were expressed in E. coli from pET15b plasmids fused to an N-terminal
His-tag. Both tRip200-402 and tRip23s-402 were derived from the C-terminal OB-fold structure, with or
without the K-rich domain, respectively. Based on the crystal structure of the bacterial Trbp111 and the
model built with interacting tRNA, 15 amino acids were identified as potential candidates for tRNA
recognition; mutagenesis experiments have shown that substitutions of two of these amino acids,
serine 82 and methionine 85, had a significant effect on Trbp111’s ability to bind tRNA (7). These two
residues are conserved in P. falciparum tRip where they correspond to Sers12 and Metsis (Figure 1A).
Therefore, we substituted them simultaneously with alanine and checked the ability of the

corresponding mutant protein, tRip200-402* (asterisk indicates double mutant), to bind tRNAs.

Recombinant tRip1402 and tRip200-402 bind to S. cerevisiae tRNAP"®gaa transcript (SctrP"caa) with
comparable apparent dissociation constants (Kg = 25.9 (+/- 7.1) and 13.6 (+/-1.6) nM, respectively),
as determined by EMSA (Figure 1 B). In contrast, tRip23s402 and the mutated tRip200-402* displayed very
weak tRNA binding capabilities, with Kq values higher than 2 uM, confirming that the K-rich sequence
and the conserved Sers12 and Mets1s act synergistically for efficient tRNA binding.

Previous footprint experiments (4) with fully-modified, native S. cerevisiae tRNA”*grc showed that
only a few positions were protected, presumably because of limited access by the bulky nucleases,
even in the absence of tRip. We repeated the footprint experiments on SctrP"®gaa using lead (Pb?*) as
a probing agent. The absence of post-transcriptional modifications and the use of a small chemical
specific to single-stranded regions (33) allowed us to probe nearly the entire tRNA sequence and

determine more precisely the regions recognized by tRip200-402 (Figures 1C and Supplementary Figure



S2). Upon complex formation, both the anticodon- and D-arms were strongly protected from cleavage,
whereas moderate protections were observed in the D-loop and the T-arm. Notice that there is almost
no hydrolytic cleavage in Sctr"™"gaa alone (control lane without Pb?* or tRip) confirming that this tRNA
was properly folded and stable. This tRNA-binding pattern is reminiscent of that observed with
Trbp111 (34), as both tRip and Trbp111 bind to the corner of the L-shaped tRNA.

Stoichiometry and oligomeric organization of tRNA:tRip complexes

To determine the stoichiometry of the tRNA:tRip complex, recombinant tRip1402 was incubated with
increasing concentrations of Sctr"®caa and complex formation was analyzed on a native gel (Figure
2A). Seven tRNA:tRip ratios were tested ranging from 0.19:1 to 1.5:1. As expected, tRip tends to
multimerize when the tRNA concentration is limiting in the sample, a trend that was previously
observed with Arc1p (18). Conditions that include at least two tRip proteins per tRNA molecule are
sufficient to shift the entire tRNA population. Decreasing the protein to tRNA ratio yields increasing
proportions of free-standing tRNA. A Scatchard plot further confirmed that tRip is saturated at a
tRNA:tRip ratio of 1:2 (Figure 2B). However, since the biologically relevant oligomeric organization of
tRip is an a2 homodimer (4, 35), the stoichiometry in the tRNA:tRip dimer complex can be considered
to be 1:1.

Systematic assessment of tRip specificity with tRNA microarrays

MIST (Microarray Identification of Shifted tRNAs) was designed to identify tRNAs in a population
based on their affinity for a given protein (23). This approach was adapted from a fluorescent
microarray method developed in the Pan laboratory (36), which allows the quantification of cellular
tRNAs in total tRNA extracts, and relies on microarrays printed with DNA oligonucleotides
complementary to full-length tRNA sequences (Supplementary Figure S1). The longer length of these
tRNA probes significantly increases their hybridization efficiency and allows them to distinguish
between tRNAs that differ by as few as eight nucleotides (36). MIST was designed around the same
established probes and proven protocol. However, MIST differs notably from the original method in
that (i) the tRNAs investigated are radioactively labeled, a treatment that does not alter any tRNA
functionalities especially their interaction with molecular partners; (ii) a selection step is added before
hybridization onto microarrays, which consists of isolating tRNA:protein complexes (bound tRNAs)
from free tRNAs via native gel electrophoresis; and, (iii) the proportion of each tRNA in the sample is
determined by the intensity of the radioactivity retained at each spot on the chip.

Complex formation

To establish the proper experimental conditions for MIST we reasoned that: (i) tRNAs should be in
excess to favor competition and allow tRip to naturally select the best interactants from crude human
tRNAs; and (ii) one tRNA molecule is the strict minimum required to saturate one dimeric tRip1-402 in
vitro (Figure 2A-B). Accordingly, different tRNA:tRip ratios were used. While the protein concentration
remained constant (2 uM dimer), the amount of tRNA was set to 8, 20, and 40 uM, which corresponds
to 4, 10, and 20 times more total tRNAs than tRip dimers. Figure 2C shows the result of a native

purification gel. tRNAs present in the complex and the free fraction were recovered from the gel and



analyzed with tRNA microarrays for all three experimental conditions. As control experiments, two
unselected samples of crude tRNAs purified from Hela cells (unselected tRNA-1 and unselected

tRNA-2) were also analyzed.

Hybridization of complexed tRNAs on tRNA microarrays

Figure 2C shows three examples of hybridized microarrays used to determine the proportion of each
tRNA in unselected, tRip-bound, and free tRNA fractions (in the ratio of four tRNAs per tRip dimer).
The obvious variations in spot patterns indicate that the proportions of individual tRNAs in our three

samples vary significantly depending on the conditions used in each case.

Analysis of tRNA microarrays

Microarrays were quantified with Imaged and intensities were averaged for the 8 replicates of each
probe as described previously (23, 32). Raw results are shown in Supplementary Figure S3A-E and
summarized in Figure 3. Four tRNAs namely tRNA"®at, tRNA®YSgca, tRNACM 16, and tRNATPcca were

not observed, presumably because their concentrations fall below our detection threshold.

Control experiments where crude tRNA from HelLa cells were hybridized on two different arrays
(unselected tRNAs-1 and unselected tRNAs-2) show comparable results to each other, confirming that
the experimental procedure is reproducible (Supplementary Figure S3A-B). Moreover, as expected,
the average of unselected tRNAs-1 and unselected tRNAs-2 (U, average of unselected tRNAs)
matches the average of the "Bound+Free" tRNAs after selection (S, average of selected tRNAs)
(Supplementary Figure S3A). Some species, including tRNAA®grc, tRNAS®°rca tRNATcaT-2,
tRNAAYcg, tRNAYYSTrT.1, tRNAAITcr, and tRNA"®taT, show contrasting distributions between the Bound
and Free fractions (Supplementary Figure S3A) as anticipated, illustrating that tRNAs that form
complexes with tRip are logically displaced from the population of free-standing tRNAs and confirming
the utility of this method.

We used the ratio of (Bound tRNAs)/(Bound+Free tRNAs) (Figure 3) as a proxy for the likelihood of a
given tRNA to form a complex with tRip. tRNAs showing above average (>0.5) binding capacities are
highlighted with shades of orange whereas below average species (<0.5) are highlighted with shades
of blue. We would like to emphasize that the ranking of the tRNAs is independent of their
concentrations in the initial sample (column MIST, based on the average of 3 experiments), indicating
that the selectivity of complex formation is based on tRNA features other than their mere abundance
(Figure 3, compare MIST and U). Overall, our results clearly show that tRip does not recognize all
tRNAs equally since certain tRNAs are enriched and others are depleted after selection: tRNAs
binding most effectively to tRip correspond to tRNAUcag, tRNAVrac, tRNAAgc, tRNAASGTT,
tRNASe"aca, and tRNAYac, whereas tRNAs with the lowest affinities for tRip include tRNAM2 ¢,
tRNAS®cga, tRNA™ T2, tRNAAPGTC, tRNAAS G, tRNAPhGG, tRNAT 1671, and tRNAS®rca.
Furthermore, the ranking of these specific tRNAs remains globally uniform regardless of the tRNA:tRip

ratio in the experiment.



Search for the molecular features supporting tRNA:tRip complex formation.

We attempted to purify several H. sapiens native tRNAs from HelLa cells to assess their ability to bind
to tRip through standard and competitive EMSAs. Native tRNA purifications were performed by
hybridization of the target tRNA to a biotinylated probe, followed by retention on streptavidin resin (24).
The biotinylated probes were designed to hybridize to their tRNAs between the D-loop and the
anticodon loop. Purification yields varied considerably between the different species. To assess their
purity, 0.5 ug of each eluate was analyzed by mass spectrometry: tRNA”9cc was found to be the only
species with suitable purity for affinity studies. As a side note, we would like to emphasize that this
quality test allowed us to identify, for the first time, the post-transcriptional modifications present on
this tRNA (Supplementary Table S1A). Unfortunately, the amounts recovered were not sufficient to
conduct competitive EMSAs. Finally, the analysis of all other samples invariably showed the presence

of many contaminants, making them unsuitable for further experimentation.

As an alternative we used several purified native S. cerevisiae tRNAs (Figure 4A), which were
validated by mass spectrometry to verify their sequence and the presence of expected post-
transcriptional modifications (Supplementary Table S1B). They were all tested under competitive
conditions: Complexes between tRip and radiolabeled Sctr""®caa were pre-formed, followed by the
addition of increasing concentrations of competitive unlabeled tRNAs. Competitive tRNAs displace
Sctr’"®caa based on their affinity for tRip (see Figure 4B for representative gels); the higher the affinity
for tRip, the greater the dissociation rate of the complex. Each S. cerevisiae native tRNA was tested at
least 3 times and the mean and standard error of the mean (SEM) were calculated (Figure 4A). EMSA
was sensitive enough to quantify tRNA affinities based on the ability of each tRNA to displace the pre-
existing complex. We organized the tRNAs into three groups (high, mid, and low) according to their
dissociation rates. The Kq values between the high group (represented by tRNA"®at/tRNAY#aac) and
the low group (represented by tRNA*PgTc/tRNAPcaa) varied by 2.5-fold and were significant (p-
value<0.05).

Competitive EMSAs were also performed with tRNA transcripts lacking post-transcriptional
modifications. We chose to test tRNA transcripts corresponding to weak tRip-binders such as H.
sapiens tRNA™cgr2 and tRNA*PgTc and strong tRip-binders such as H. sapiens tRNA"U1ac and
tRNA”s"gTr (Figure 3, Supplementary Table S2). Dissociation rates between transcripts were not as
diverse as those of the native yeast tRNAs, which indicates that stripping tRNAs of all post-
transcriptional modifications disrupts their individual binding abilities (Figure 4). This was further
illustrated when challenging Sctr"gaa:tRip1-402 complexes with minihelix™"® mimicking the acceptor-
TyC stem-loop domain of ScCtRNAP"®caa. The dissociation profiles obtained for both SctRNAP"egaa and
minihelix""® were different at most by a factor of two (compare competitive EMSAs Figure 4B),
confirming the low binding specificity of transcripts in general. In addition, transcripts were found to be
poor ligands as they dissociate the tRip:Sctr™"saa complex at levels only comparable to the low group

of native S. cerevisiae tRNAs. Altogether, those observations hint that tRip does not focus on the



tRNA’s primary sequence, but rather relies at least partially on individual post-transcriptional

modifications or sets of modifications to discriminate between individual species.

DISCUSSION

tRip is a 402-amino acid polypeptide highly conserved in Plasmodia (Figure 1A) involved in exogenous
tRNA import. tRip is an integral membrane protein found in the plasma membrane, with its tRNA
binding domain located at the parasite surface, where it presumably comes in contact with host tRNAs
(4). As in H. sapiens AIMP1, the C-terminal domain of tRip consists of two domains that act in concert
to efficiently bind tRNAs: the OB-fold domain with a few residues essential for recognition (Sers12 and
Mets1s), and a short linker region, which is rich in positively charged amino acids, and greatly
increases the binding strength (Figure 1B). Like its bacterial homolog Trbp111, tRip recognizes and
binds the corner formed by the D- and T- loops, a motif common to all tRNA 3D structures, which
explains why this protein interacts with multiple different tRNAs (Figure 4B). According to our model,

tRip also binds to the variable region and the upper part of the anticodon arm of tRNAs (Figure 1C).

This model of tRNA recognition solely based on the tRNA structure is challenged by two studies that
showed that S. cerevisiae Arc1p and T. brucei MCP2 interact exclusively with a limited number of
tRNAs (Supplementary Figure S4) (17, 18). Using MIST, we also identified the species of human
tRNAs that are preferentially recognized by tRip. H. sapiens tRNAAgc, tRNA*S"GTT, tRNAS®AGA and
tRNA",ac are highly enriched in the tRip-bound fraction, while tRNA*?cc, tRNAS®cea, tRNA™ caT-2,
tRNA*Pgre, tRNAA e and tRNAPac are clearly underrepresented (Figure 3). Sequence comparison
of members of these two groups did not reveal any obvious motifs involved in tRip recognition.
Furthermore, our experiments show that only native tRNAs are properly distinguished by tRip;
whereas the corresponding unmodified transcripts form complexes with the enzyme indiscriminately
(Figure 4A).

Apart from their primary sequence, tRNAs are characterized by the presence of numerous post-
transcriptional modifications. Many modifications are located in the corner of the tRNA 3D structure,
which is precisely the region protected by tRip in footprint experiments (Figure 1C and Supplementary
Figure S2). In particular, these post-transcriptional modifications are important for proper tRNA folding
and stability (Reviewed in (37-39)). Therefore, we searched the Modomics database (40) with the
tRNAs tested herein against all vertebrate cytosolic tRNAs harboring known post-transcriptional
modifications. We obtained 19 matches with tRNA sequences representative of a wide range of
relative affinities and catalogued the corresponding modifications located in their D-arm, D-loop,
anticodon arm, variable region, and T-loop (Figure 5A). Among those modifications, some are absent
amongst the weakest tRip-binders (tRNA”®grc, tRNAAYcc and tRNACY1c) such as N4-acetylcytidine
(ac4C) at position 12 in the D-loop, one or several pseudouridine (V) in the anticodon arm, or 7-
methylguanosine (m7G) in the variable region. Thus, we can hypothesize that the presence of these
modifications promotes recognition by tRip. Modification patterns such as ¥ at position 13 in the D-

arm, two consecutive 5-methylcytidine (m5C) in the variable region, or 5,2’-O-dimethyluridine (m5Um)
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in the T-loop are absent amongst the strongest tRip-binders (tRNAA91ct, tRNAS® A, tRNAA'GTT and
tRNAY,sc). The presence of those modifications in other tRNAs could explain their impaired ability to
form complexes with tRip. In other words, ac4C at position 12, ¥ in the anticodon arm, and m7G can
be considered to be positive determinants for tRip complex formation and ¥ at position 13, two m5C
modifications in the variable loop and m5Um in the T-loop can be considered as anti-determinants for
tRip recognition. Interestingly, we observe a progressive blending of modifications that favor and
disfavor complex formation in moderate tRip-binders (in beige). Finally, the tRNA 3D structure clearly
shows that (i) the localization of these modifications coincides with nucleotides protected by the C-
terminal domain of tRip and (ii) pro- and anti-complex modifications seem to segregate (Figure 5B).
Although those observations are striking, they raise fundamental questions: Are those post-
transcriptional modifications directly recognized by tRip or do they rather modulate the local structure
of their tRNA? Do they act individually or in synergy? Further investigation will be necessary to shed
additional light on the molecular mechanism that controls the formation of the tRNA:tRip complex,
especially in understanding whether the base modifications are true binding sites or whether they

contribute to the recognition of the mature tRNA folded structure.

The different tRNAs species in Plasmodium are all encoded by single-copy genes, a pattern that is
rather unusual in eukaryotes (41). Although the number of copies of tRNA genes typically correlates
poorly with cellular tRNA concentrations, one can wonder how an organism with such uniform tRNA
gene organization supports the translation of widely distributed codons. Thus, for all human tRNAs
tested with MIST herein, we looked at the codons they decode and their usage in the parasite
genome. We hypothesized that species that bind strongly to tRip could be preferentially imported into
the parasite where they could boost the translation of abundant codons in the parasite transcriptome
((42), Supplementary Table S2). As a whole, the data shown in Figure 6 does not support this
hypothesis. However, it is worth noting that while H. sapiens tRNA*"g1T is among the strongest tRip
ligands, asparagine (Asn) is also the predominant amino acid (along with lysine) in the P. falciparum
proteome. Further, Asn is not homogeneously distributed in proteins as the majority of Asn is found in
insertions of low complexity which often form long homopolymeric regions (43). Although Asn-rich
insertions are present in all Plasmodium proteins except in ribosomal proteins, their role is still much
debated. In their recent review, Davies and collaborators summarize the many processes in which
these repeats are suspected to be involved, such as protein-protein interactions and/or aggregation,
protein localization, immune response, or parasite virulence (44). Additionally, our team has previously
hypothesized that Asn homorepeats could directly slow down translating ribosomes and therefore

favor proper cotranslational folding of Plasmodium proteins (45).

In another in vitro study, we showed that the cytosolic P. falciparum asparaginyl-tRNA synthetase
aminoacylates human tRNA”s" transcripts with an 8-fold reduced catalytic efficiency compared to P.
falciparum tRNA”s" transcripts (46). Although this observation seems to be at odds with the possible
involvement of host tRNAAS" in parasite protein translation, it is crucial to remember that the substrates
used in the corresponding work entirely lacked post-transcriptional modifications that are known to
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play a significant role in the folding and aminoacylation of tRNAs (37). Specifically, human tRNA*s"gTt
displays two prominent modifications at positions 34 and 37 in the anticodon loop (a queuosine and an
N6-threonylcarbamoyladenosine, respectively), which are potentially recognized as identity elements
supporting aminoacylation.

To date, Plasmodium tRip is the only known protein supporting the intracellular import of exogenous
tRNAs. As such it might represent a novel pathway that supports host-parasite interactions and
sustains infection. In this context, complementing the pool of tRNAs transcribed by the parasite with
the import of specific exogenous/host tRNAs could play a punctual role during the developmental
cycle, either by promoting protein synthesis at specific stages or by enabling unrelated signaling
processes such as those reviewed in (47—49). The absence of other examples of import of exogenous
tRNAs beyond the Plasmodium genus complicates its characterization but also offers new
opportunities. Orphan proteins, such as tRip, require creative bottom-up investigative approaches.
However, their singularity also offers the potential for the development of pioneering antimalarial

treatments.
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FIGURE CAPTIONS

Figure 1: Characterization of tRNA:tRip recognition. (A) Alignments of Plasmodium tRip
homologs. The amino acid sequences of tRip homologs were retrieved from the eukaryotic pathogens
database (50). Sequences reveal a three-part organization: (i) an N-terminal GST-like domain (grey),
(i) a short polypeptide rich in lysine residues (black), and (iii) a conserved C-terminal tRNA-binding
domain (green). Red arrowheads indicate the N-terminal extremities of tRip200-402 and tRip23s-402, two
tRip variants with truncated N-termini. Residues Ss12 and Ms1s are mutated into alanine in tRip200-402*
are indicated in red. (B) tRNA binding capabilities of recombinant tRip variants. EMSAs were
performed with a constant concentration of radiolabeled Sctr"™®saa and increasing concentrations of
tRip1-402, tRip200-402, tRip23s-402 and tRip200-402*. Concentrations and schematized tRip domains are
indicated on top of each gel, with the same color code as described above. (C) Summary of Pb?*
acetate footprint. Nucleotides protected from lead cleavage are displayed on the cloverleaf
representation of SctrP"gaa. Black spheres and grey squares indicate nucleotides strongly and mildly
protected respectively. Dotted lines at the 5’ and 3’ ends highlight non-tested tRNA nucleotides.

Figure 2: Establishment of biologically relevant conditions for MIST. (A) Determination of the
stoichiometry in the tRNA:tRip complex. EMSAs were conducted in the presence of 2 uM tRip
monomers and increasing concentrations of radiolabeled Sctr"™gaa to establish seven tRNA:tRip
monomer ratios: 0.19:1; 0.25:1; 0.37:1; 0.5:1; 0.75:1; 1:1 and 1.5:1. Gel images are representative of
3 biological replicates. (B) Scatchard representation. The 3 independent replicates were quantified
and averaged. The concentrations of bound tRNAs [Bound tRNA], free tRNA [free tRNA] and tRip
[tRip] were used to plot [Bound tRNAJ/([tRip]*[ Free tRNA]) versus [Bound tRNAJ/[tRip]. The
corresponding graph was used to extrapolate (i) the number of tRNA-binding sites per protein
molecule (mean £ SEM=0.53 + 0.07) from the intersection of the trendline and the x-axis and (ii) the
Kd (mean £ SEM=28.5 + 5.2 nM) from the slope which equates to -1/ Kg. (C) Selection and analysis
of MIST experiments. tRNA:tRip complexes were separated from free tRNAs on 6% native gel and
visualized by UV shadowing. The concentration of tRip dimers remained constant (2 uM), while the
concentration of human total tRNA varied (8, 20, and 40 uM). The control lane contains 2 uM tRNA in
the absence of tRip. tRNAs were eluted from the gel and radiolabeled. Three examples of hybridized
tRNA arrays are shown; they correspond to H. sapiens crude tRNA (Unselected) as well as the bound
and free tRNA of the four tRNAs per tRip dimer condition. Our in-house array-manufacturing platform

allows printing of up to 768 spots per glass slide. To prevent signal overlapping between consecutive
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spots and allow for proper background subtraction, we only printed 383 spots while still using the

whole printing area. In other words, arrays were prepared by skipping every other spot.

Figure 3: MIST results. The proportion of individual tRNAs present in two human crude tRNA
samples (unselected tRNAs-1 and unselected tRNAs- 2) were measured, averaged, and displayed as
shades of grey in the U column. The numbers 4, 10, 20 correspond to the fold excess of tRNA
molecules relative to tRip dimers. The endpoint results are represented as Bound tRNA/(Bound + Free
tRNA) for each tRNA:tRip dimer ratio. The average of the three MIST replicates was used to rank
tRNAs according to their relative affinity for tRip. The orange color corresponds to the tRNAs most
represented in the bound fraction and blue corresponds to the least represented tRNAs.
Measurements below detection limit are marked with a slash (/). Some tRNAs bind to more than one
probe (Supplementary Figure S1 and S3). For example, tRNA®YSsca hybridizes to probes Ser-4h and
Tyr-1h. However, since Tyr-1h does yield a strong signal, we assumed that Ser-4h hybridizes mainly

tRNAS®Aca, which also happens to be one of the best tRip ligands.

Figure 4: tRip does not recognize native and in vitro transcribed tRNAs in the same way. (A)
Comparisons of dissociation rates obtained with S. cerevisiae tRNAs and H. sapiens
transcripts. The bar graph represents the mean and SEM of at least three independent experiments,
where dissociation rates of the Sctr"caa:tRip complex were determined in the presence of increasing
concentrations of seven S. cerevisiae native tRNAs (tRNA*PgTc, tRNAPeGaa, tRNAMYcA, tRNATPCc,
tRNAMeti tRNAVaac and tRNA"®ia1) and four different H. sapiens tRNA transcripts (tr™cer.2, tr*sParc,
tr-eUtag and tr*s"grr). P-values were calculated (t-test) by comparing the dissociation rates two by two
(** p<0.005 and * p<0.01). (B) Competitive EMSAs with S. cerevisiae tRNAP"gaa and minihelixhe,
Competitive EMSAs performed under identical conditions challenged the formation of complexes
between radiolabeled Sctr"caa and tRip (30 nM) with increasing concentrations (12.5, 25, 50 and 100
nM) of SctRNAP™gaa or minihelix™®, as indicated. The latter mimics the tRNA acceptor domain
encompassing the acceptor stem and the T-domain. Samples were analyzed on native polyacrylamide

gels. Gel images are representative of 3 biological replicates.

Figure 5: Possible involvement of post-transcriptional modifications in tRNA recognition by
tRip. (A) Results from screening of the Modomics database (40) for modifications potentially
involved in tRNA:tRip complex formation. Known post-transcriptional modifications are shown for
human tRNAs or, when appropriate, for vertebrate tRNAs that are 100% identical to the corresponding
human tRNA. The tRNAs are presented according to their relative affinity for tRip as determined by
MIST. The tRNAs characterized by the lowest and the highest affinities are highlighted in blue and
orange, respectively. Post-transcriptional modifications are highlighted in blue when they are always
absent from tRNAs with the highest binding capacities and are thus potentially unfavorable for the
interaction with tRip (negative or anti-determinants). Conversely, post-transcriptional modifications in
orange are absent from tRNAs with the lowest binding capacities and are thus potentially supporting

the interaction with tRip (positive determinants). Modifications are abbreviated as following: ac4C (N4-
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acetyl-2’-O-methylcytidine), acp3U (3-(3-amino-3-carboxypropyl)-5,6-dihydrouridine), ¥
(pseudouridine), m1W¥ (1-methylpseudouridine), ¥m (2’-O-methylpseudouridine), m1G (1-
methylguanosine), m7G (7-methylguanosine), m2G (N2-methylguanosine), Gm (2'O-
methylguanosine), m2,2G (N2,N2-dimethylguanosine), m5C (5-methylcytidine), m5Um (5,2’-O-
dimethyluridine), m1A (1-methyladenosine), T (5-methyluridine), D (dihydrouridine). (B) Spatial
distribution of modifications potentially involved in tRNA:tRip complex formation. Modifications
identified in (A) were placed on the crystallographic structure of S. cerevisiae tRNAP"gaa (pdb1EHZ)
using the same color code. The tRNA structure in the middle recapitulates the regions of Sctr™gaa
that are in contact with tRip as determined by footprint experiments (Figure 1C and Supplementary
Figure S2). Nucleotides strongly protected from Pb?* cleavage are indicated in green and nucleotides

moderately protected are in yellow.

Figure 6: Differential affinities of human tRNAs for tRip versus codon usage in P. falciparum.
Each dot corresponds to a tRNA defined by its affinity for tRip as determined by MIST (x-axis) and the
frequency of the codons it could potentially translate assuming it participated in P. falciparum protein
translation (y-axis, %o0) (42). The tRNAs corresponding to the amino acids used most frequently in
translation by the parasite are indicated by dashed rectangles. tRNA”*"grr, which is relevant for the
translation of asparagine homorepeats that are abundant in P. falciparum proteins, is highlighted

separately (red dot).
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P.berghei MCTLNLVENDIKSDILKLALDFIKTNIVENDDNVVFPEIKYGQKISYEHNKKTYKEFFCSLYAIIDTYNCYSQFFCENEDKVSESEEFIFNLASDKFKLKPLDMKHLNDILRERSYIVSDKHASLVDIFYFCCVYK 136

P.yoelii MCTLNLVEDDIKSDILKLALDFIKTNIVENDDNVVFPEIKYGQKISYEHNNKTYKEFFCSLYAIIDTYNCYSQFFCEDEDKVSESEEFIFNLASDKFKLKPLDMKHLNDILRERSYIVSDKHASIVDIFYFCCVYK 136
P.chabaudi MSTLYLVEDDIKSDILNLVLDFIKINIVENDDSVAFPEIKYSQTISYEHNNKTYKEFFCSLYAIIDTYNCYSQFFCEDENKVSESEEFIFNLASDKFKLKPLDMKHLNDILRERSYIVSDKHASIVDIFYFCCVYK 136
P.vinckei MSTLYLVEDDIKSDILKLILDFIQINIVENDDNVAFPEIKYSQKISYEHNDKTYKEFFCSLYAIIDTYNCYSQFFCEDEDKVSESEEFIFNLASDKFKLKPLDMKHLNDILRERSYIVSDKHASLVDIFYFCCVYK 136
P.gaboni MCVLTLVKDDIKSDILKLVLDYIKVTVVQDNESLKLPEICYDKKITLQYKNKTYKDLFCTLYALIDIYDCYSELFNEDEGKVSENEEFIFHLASDKYILKQSDMKHLNDLLCEKSYIISNKHASIVDIFYFCAIHK 136

P.reichenowi MCVLTLVKDDIKSDILKLVLDYIKVTVVQDNENVKLPEICYDKKITLQYKNKTYKDLFCTLYALIDIYDCYSELFNKDEGKVSENEEFIFHLDSDKYILKQSDMKHLNELLCEKSYIISNKHASIVDIFYFCAIHK 136
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D-arm Ac-arm-5' Ac-arm-3' T-loop species
M tRNA 9 10 12 13 14 16 17 18 20 20a 20b 26 27 28 39 40 46 47 48 49 50 54 55 58
- D T b4 R. norvegicus GTC
mlG m2G D D m2,2G D m1A H. sapiens (this study)
m2G - D v v H.sapiens CTC
0.4 Argycc  mlG m26G D Gm D - D b4 T Y  milA B.taurus CCG
0.4 Glurcy  mlG - D D g R.norvegicuus TTC
0.4 Lyscrr m2G D D - - . D g mi1A R.norvegicuus CTT
0.5 Tyrera m2G (D) D acp3U m2,2G m2,2G mi1¥ D m5C T 4 m1A H.sapiens GTA
0.5 Leucan m2G - D Y  m22G - g T 4 mi1A H.sapiens GAA
0.5 Valmac D D D m2G - - D Y  milA H.sapiens CAC
0.5 Glysce D T g miA H. sapiens GCC
0.5 Glysce - D ¥m T v m1A H. sapiens CCC
0.6 Metcare m2G D D m2G - - - D m5C T g m1A H.sapiens CTA
0.6 Hisgrs - D D D _ g m1A H.sapiens CTG
0.6 Metcari mlG m2G m2G - D m5C mi1A H.sapiens ini
0.6 Serger - D Gm D D m2,2G m5C T ¥ m1A R.norvegicus GCT
. m2G mlA D D m2,2G . D m5C T b m1A H.sapiens GAA
mlG D m5C B.taurus TCT
m5C T b4 m1A H.sapiens TGA
mlG m2,2G - D ? b ml1A H.sapiens GTT
m2,2G m5C T v mi1A B.taurus IAG
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Ala2h

TGGAGRTGCCGGGGATYGAACCCGGGRCCTCRTRCATGCSAAGCAYGCGCTCTACCACTGAGCTACAYCCCC

tRNAAlahGC

SSS>>>>, >>>> . ..., <<< L <<<LKLLKL. .
GGGGGTGTAGCTCAGT.GGT. A..GAGCGCGTGCTTAGCATGCACGAGGCCCCGGG TTCAATC.CCCGGCACCTCCA.
GGGGGTGTAGCTCAGT.GGT.A. .GAGCGCGTGCTTAGCATGCACGAGGCCCCGGG . TTCAATC . CCCGGCACCTCCA.
GGGGGTATAGCTCAGT.GGT.A. .GAGCGCGTGCTTAGCATGCACGAGGtCCTGGG . TTCGATC . CCCAGTACCTCCA.
GGGGGTGTAGCTCAGT.GGT.A. .GAGCGCGTGCTTAGCATGCACGAGGCCCTGGG . TTCAATC . CCCAGCACCTCCA.
GGGGGTGTAGCTCAGT.GGT.A. .GAGCGCGTGCTTAGCATGTACGAGGtCCCGGG . TTCAATC .CCCGGCACCTCCA.
GGGGGTGTAGCTCAGT.GGT.A. .GAGCGCGTGCTTAGCATGCACGAGGCCCCGGG . TTCAATC . CCTGGCACCTCCA.

GGGGATGTAGCTCAGT.GGT.A. .GAGCGCATGCTTCGCATGTATGAGGtCCCGGG . TTCGATC . CCCGGCATCTCCA.
GGGGATGTAGCTCAGT.GGT.A. .GAGCGCATGCTTCGCATGTATGAGGCCCCGGG . TTCGATC . CCCGGCATCTCCA.
GGGGGTGTAGCTCAGT.GGT.A. .GAGCGCGTGCTTCGCATGTACGAGGCCCCGGG . TTCGACC.CCCGGCTCCTCCA.
GGGGATGTAGCTCAGT.GGT.A. .GAGCGCGCGCTTCGCATGTGTGAGGtCCCGGG . TTCAATC . CCCGGCATCTCCA.
GGGGGTGTAGATCAGT.GGT.A. .GAGCGCATGCTTCGCATGTACGAGGtCCCTGG. TTCAATC.CCTGGTACCTCCA.

GGGGGTGTAGCTCAGT.GGT.A. .GAGCGCATGCTTTGCATGTATGAGGtCCCGGG . TTCGATC . CCCGGCACCTCCA.
GGGGATGTAGCTCAGT.GGT.A. .GAGCGCATGCTTTGCATGTATGAGGtCCCGGG . TTCGATC . CCCGGCATCTCCA.
GGGGATGTAGCTCAGT.GGT.A. .GAGCGCATGCTTTGCATGTATGAGGCCCCGGG . TTCGATC . CCCGGCATCTCCA.
GGGGATGTAGCTCAGT.GGT.A. .GAGCGCATGCTTTGCATGTATGAGGCCCCGGG . TTCGATC . CCCGGCATCTCCA.
GGGGATGTAGCTCAGT.GGT.A. .GAGCGCATGCTTTGCACGTATGAGGCCCCGGG . TTCAATC . CCCGGCATCTCCA.
GGGGGTGTAGCTCAGT.GGT.A. .GAGCGCATGCTTTGCATGTATGAGGCCTCGGG . TTCGATC . CCCGACACCTCCA.
GGGGGTGTAGCTCAGT.GGT.A. .GAGCACATGCTTTGCATGTGTGAGGCCCCGGG . TTCGATC . CCCGGCACCTCCA.
GGGGGTGTAGCTCAGT.GGT.A. .GAGCGCATGCTTTGCATGTATGAGG.CCTCGG. TTCGATC.CCCGACACCTCCA.
GGGGGTGTAGCTCAGT.GGT.A. .GAGCGGATGCTTTGCATGTATGAGACTTTGGG . TTGGATC . CCCAGCACCTCCA.
GTGGATGTAGTTTAGT.GGT.A. .GAACGCGCGCTTTGCATGTATGAGGtCCCGGT . TTCGATC . CCTGGCGTTTCCA.

Arglh

tRNA-Ala-AGC-2-
tRNA-Ala-AGC-2-
tRNA-Ala-AGC-1-
tRNA-Ala-AGC-5-
tRNA-Ala-AGC-3-
tRNA-Ala-AGC-7-

tRNA-Ala-CGC-1-
tRNA-Ala-CGC-2-
tRNA-Ala-CGC-4-
tRNA-Ala-CGC-3-
tRNA-Ala-CGC-5-

tRNA-Ala-TGC-1-
tRNA-Ala-TGC-2-
tRNA-Ala-TGC-3-
tRNA-Ala-TGC-3-
tRNA-Ala-TGC-4-
tRNA-Ala-TGC-5-
tRNA-Ala-TGC-6-
tRNA-Ala-TGC-7-
tRNA-Ala-TGC-8-
tRNA-Ala-TGC-9-

2 Sc: 78.1
1 sc: 78.1
1 sc: 78.0
1 sc: 77.3
1l Sc: 74.2
1 sc: 70.7
1 sc: 75.7
1 sc: 75.7
1 sc: 73.7
1 sc: 72.0
1 sc: 43.1
1 sc: 77.3
1 sc: 75.8
2 Sc: 75.8
1 sc: 75.8
1 sc: 74.7
1 sc: 73.6
1 Sc: 68.3
1 sc: 57.0
1 sc: 47.6
1 sc: 27.3

CGAGCCAGCCAGGAGTCGAACCTRGAATCTTCTGATCCGTAGTCAGACGCGTTATCCATTGCGCCACTGGCCC

tRNAArgICG

WOSDDE5> 553> Ll <L, <L <L,
«GGGCCAGTGGCGCAATGGAt .A.ACGCGTCTGACTACGGATCAGAAGALTCCAGGTTCGACTCCTGG . CTGGCTCG
«GGGCCAGTGGCGCAATGGAt .A.ACGCGTCTGACTACGGATCAGAAGALTCCAGGTTCGACTCCTGG . CTGGCTCG
«GGGCCAGTGGCGCAATGGAt .A.ACGCGTCTGACTACGGATCAGAAGALTCCAGGTTCGACTCCTGG . CTGGCTCG
«GGGCCAGTGGCGCAATGGAt .A.ACGCGTCTGACTACGGATCAGAAGALTCTAGGTTCGACTCCTGG . CTGGCTCG
«GGGCCAGTGGCGCAATGGAt .A.ACGCGTCTGACTACGGATCAGAAGALTCTAGGTTCGACTCCTGG . CTGGCTCG
«GGGCCAGTGGCGCAATGGAt .A.ACGCGTCTGACTACGGATCAGAAGALTCTAGGTTCGACTCCTGG . CTGGCTCG
«GGGCCAGTGGCGCAATGGAt .A.ACGCGTCTGACTACGGATCAGAAGALTCTAGGTTCGACTCCTGG . CTGGCTCG
«GGGCCAGTGGCGCAATGGAt .A.ACGCGTCTGACTACGGATCAGAAGALTCCAGGTTCGACTCCTGG . CTGGCTCG

Arg2h

tRNA-Arg-ACG-1-3
tRNA-Arg-ACG-1-2
tRNA-Arg-ACG-1-1
tRNA-Arg-ACG-2-4
tRNA-Arg-ACG-2-3
tRNA-Arg-ACG-2-2
tRNA-Arg-ACG-2-1

DR9990_ACG_HUMAN_C

Sc:
Sc:
Sc:
Sc:
Sc:
Sc:
Sc:

Y

65.8
65.8
65.8
60.9
60.9
60.9
60.9

CAACCACGRAGGGACTCGAACCCTCAATCTTCTGATCCGRARTCAGACGCCTTATCCATTAGGCCACGCGGCC

tRNAArg¥YCG

DODEEES>. 555> L., <LK, <L <L,
.GGCCGCGTGGCCTAATGGAtL . A. AGGCGTCTGATTCCGG . ATCAGAAG . AtTGAGGGTTCGAGTCCCTT . CGTGGTCG
.GGCCGCGTGGCCTAATGGAtL . A.AGGCGTCTGATTCCGG . ATCAGAAG . AtTGAGGGTTCGAGTCCCTT . CGTGGTCG
.GGCCGCGTGGCCTAATGGAt . A.AGGCGTCTGATTCCGG . ATCAGAAG . AtTGAGGGTTCGAGTCCCTT . CGTGGTCG
.GACCCAGTGGCCTAATGGAt .A.AGGCATCAGCCTCCGG . AGCTGGGG . AtTGTGGGTTCGAGTCCCAT . CTGGGTCG

«GGCCGCGTGGCCTAATGGAt . A.AGGCGTCTGACTTCGG . ATCAGAAG . AtTGCAGGTTCGAGTCCTGC . CGCGGTCG
«-GACCACGTGGCCTAATGGAt .A.AGGCGTCTGACTTCGG . ATCAGAAG . AtTGAGGGTTCGAATCCCTC.CGTGGTTA
«GACCACGTGGCCTAATGGAt .A.AGGCGTCTGACTTCGG . ATCAGAAG . AtTGAGGGTTCGAATCCCTT . CGTGGTTA
-GACCGCGTGGCCTAATGGAt . A.AGGCGTCTGACTTCGG . ATCAGAAG . AtTGAGGGTTCGAGTCCCTT . CGTGGTCG
-GACCACGTGGCCTAATGGAt . A.AGGCGTCTGACTTCGG . ATCAGAAG . AtTGAGGGTTCGAATCCCTT . CGTGGTTG
«GACCACGTGGCCTAATGGAt .A.AGGCGTCTGACTTCGG . ATCAGAAG . AtTGAGGGTTCGAATCCCTT . CGTGGTT .

tRNA-Arg-CCG-1-3
tRNA-Arg-CCG-1-2
tRNA-Arg-CCG-1-1
tRNA-Arg-CCG-2-1

tRNA-Arg-TCG-1-1
tRNA-Arg-TCG-2-1
tRNA-Arg-TCG-4-1
tRNA-Arg-TCG-3-1
tRNA-Arg-TCG-5-1

DR9991_TCG_HUMAN_

64.7

64.7

64.7

61.4
Sc: 73.6
Sc: 69.6
Sc: 66.9
Sc: 66.6
Sc: 66.0
CcY

Arg3h
TACCCCAGGTGGGACTCGAACCCACAATCCCTGGCTTAGGAGGCCAGTGCCTTATCCATTAGGCCACTGGGGC
tRNAArgCCT

«GCCCCAGTGGCCTAATGGAt . A.AGGCACTGGCCTCCTA . AGCCAGGG . AtTGTGGGTTCGAGTCCCAC.CTGGGGTA
«GCCCCAGTGGCCTAATGGAt . A.AGGCACTGGCCTCCTA . AGCCAGGG . At TGTGGGTTCGAGTCCCAC.CTGGGGTG
«GCCCCGGTGGCCTAATGGAt . A.AGGCATTGGCCTCCTA . AGCCAGGG . AtTGTGGGTTCGAGTCCCAC.CCGGGGTA
«GCCCCAGTGGCCTAATGGAt . A.AGGCATTGGCCTCCTA . AGCCAGGG . AtTGTGGGTTCGAGTCCCAT . CTGGGGTG
«GCCCCAGTGGCCTGATGGAt . A.AGGTACTGGCCTCCTA . AGCCAGGG . AtTGTGGGTTCGAGTTCCAC.CTGGGGTA

Arg4h

tRNA-Arg-CCT-1-
tRNA-Arg-CCT-2-
tRNA-Arg-CCT-3-
tRNA-Arg-CCT-4-

1
1
1
1
tRNA-Arg-CCT-5-1

Sc: 68.1
Sc: 67.2
Sc: 66.7
Sc: 62.0
Sc: 54.5

CGACTCTGCYGGGACTCGAACCCGWAACCTTTGAATTAGAAGTCCAATGCGCTATCCATTGCGCCACAGAGCC

tRNAArgTCT

WODDDE5> 553> Ll <<, <, <L,
«GTCTCTGTGGCGCAATGGACQYA. GCGCGCTGGACTTCTAATCCAGAGGtTCCGGGTTCGAGTCCCGG CAGAGATG
«GGCTCTGTGGCGCAATGGAt .A.GCGCATTGGACTTCTAATTCAAAGGtTGTGGGTTCGAATCCCAC.CAGAGTCG
«GGCTCCGTGGCGCAATGGAt .A.GCGCATTGGACTTCTAATTCAAAGGLTCCGGGTTCGAGTCCCGG . CGGAGTCG
«GGCTCTGTGGCGCAATGGAt .A.GCGCATTGGACTTCTAATTCAAAGGtTGTGGGTTCGAGTCCCAC.CAGAGTCG
«GGCTCTGTGGCGCAATGGAt .A.GCGCATTGGACTTCTAATTCAAAGGtTGTGGGTTCGAGTCCCAC.CAGAGTCG
«GGCTCTGTGGCGCAATGGAt .A.GCGCATTGGACTTCTAATTCAAAGGtTGCGGGTTCGAGTCCCTC . CAGAGTCG

tRNA-Arg-TCT-4-1 Sc:
tRNA-Arg-TCT-2-1 Sc:
tRNA-Arg-TCT-1-1 Sc:
tRNA-Arg-TCT-3-2 Sc:
tRNA-Arg-TCT-3-1 Sc:
tRNA-Arg-TCT-5-1 Sc:

75.1
69.8
69.2
67.6
67.4
60.7

Asnlh
CGTCCCTGGGTGGGCTCGAACCACCAACCTTTCGGTTAACAGCCGAACGCGCTAACCGATTGCGCCACAGAGAC
tRNAASNnGTT

GTCTCTGTGGCGCAATCGGTtA.GCGCGTTCGGCTGTT .
GTCTCTGTGGCGCAATCGGTtA.GCGCGTTCGGCTGTT .
GTCTCTGTGGCGCAATCGGTtA.GCGCGTTCGGCTGTT .
GTCTCTGTGGCGCAATCGGTtA.GCGCGTTCGGCTGTT .
GTCTCTGTGGCGCAATCGGTtA.GCGCGTTCGGCTGTT .
GTCTCTGTGGCGCAATCGGTtA.GCGCGTTCGGCTGTT .
GTCTCTGTGGCGCAATCGGTtA.GCGCGTTCGGCTGTT .
GTCTCTGTGGCGCAATCGGTtA.GCGCATTCGGCTGTT .
GTCTCTGTGGCGCAATCGGTtA.GCGCATTCGGCTGTT .
GTCTCTGTGGCGCAATCGGTtA.GCGCGTTCGGCTGTT .
GTCTCTGTGGCGCAATCGGTtA.GCGCGTTCGGCTGTT .

«AACCGAAAGGtTGGTGGTTCGATCCCACCCAGGGACG.
«AACCGAAAGGtTGGTGGTTCGAGCCCACCCAGGGACG.
«AACCGAAAGGtTGGTGGTTCGAGCCCACCCAGGGACG.
«AACCGAAAGGtTGGTGGTTCGAGCCCACCCAGGGACG.
«AACCGAAAGGtTGGTGGTTCGAGCCCACCCAGGGACG.
«AACCGAAAGGtTGGTGGTTCGAGCCCACCCAGGGACG.
«AACCGAAAGGtTGGTGGTTCGAGCCCACCCAGGGACG.
«AACCGAAAGGtTGGTGGTTCGAGCCCACCCAGGGACG.
«AACCGAAAGGtTGGTGGTTCGAGCCCACCCAGGGACG.
«AACCGAAAGAtTGGTGGTTCGAGCCCACCCAGGGACG.
«AACTGAAAGGtTGGTGGTTCGAGCCCACCCAGGGACG.

tRNA-Asn-GTT-1-
tRNA-Asn-GTT-2-
tRNA-Asn-GTT-2-
tRNA-Asn-GTT-2-
tRNA-Asn-GTT-2-
tRNA-Asn-GTT-2-
tRNA-Asn-GTT-2-
tRNA-Asn-GTT-3-
tRNA-Asn-GTT-3-
tRNA-Asn-GTT-4-
tRNA-Asn-GTT-5-

1
6
5
4
3
2
1
2
1
1
1

78.5
76.2
76.2
76.2
76.2
76.2
76.2
74.1
74.1
73.7
72.3

Supplementary Figure S1



GTCTCTGTGGCGCAATGGGTtA.GCGCGTTCGGCTGTT .
GTCTCTGTGGCGCAATCGGCtA.GCGCGTTTGGCTGTT .
GTCTCTGTGGCGTAGTCGGTtA.GCGCGTTCGGCTGTT .
GTCTCTGTGGCGCAATCGGTtA.GCGCGTTCGGCTGTT .
GTCTCTGTGGCGCAATCGGTtA.GCGCGTTCGGCTGTT .
GTCTCTGTGGCGCAATCGGCtA.GCGCGTTTGGCTGTT .
GTCTCTGTGGTGCAATCGGTtA.GCGCGTTCCGCTGTT .
GTCTCTGTGGTGCAATCGGTtA.GCGCGTTCCGCTGTT .
GTCTCTGTGGCGCAATCGGCtA.GCGCGTTTGGCTGTT .
GTCTCTGTGGTGCAATCGGTtA.GCGCGTTCGGCTGTT .

«AACCGAAAGGtTGGTGGTTCGAGCCCATCCAGGGACG. .
«AACTAAAAGGtTGGTGGTTCGAACCCACCCAGAGGCG. .
+«AACCGAAAAGtTGGTGGTTCGAGCCCACCCAGGAACG. .
«AACTGAAAGGtTAGTGGTTCGAGCCCACCCGGGGACG. .
«AACTGAAAGGtTAGTGGTTCGAGCCCACCCGGGGACG. .
«AACTAAAAGGtTGGCGGTTCGAACCCACCCAGAGGCG. .«
«AACCGAAAGCtTGGTGGTTCGAGCCCACCCAGGGATG. .
+«AACCGAAAGCtTGGTGGTTCGAGCCCACCCAGGGATG. .
+-AACTAAAAAGtTGGTGGTTCGAACACACCCAGAGGCG. .
«AACCATAAGGtTGGTGGTTAGAGACCACCCAGGGACG. .

GTCTCTGTGGTGCAATCGGTtA.GCGCGTTCCGCTGTT. . AACCGAAAGCtTGGTGGTTTGAGCCCACCCAGGGATG. .
GTCTCTGTGGCGCCATCGGTtA.GTGCCTTCGGCTGTTtgAACCGAAAGGCTGGTGGTTCAAGCCCACCCAGAGATG. .«
GTTTCTGTAGCGCGATCGGTtA.GCGCCTTCGGCTGTT . . AAACGAAAGGtTGGTGGTTCGTTCCCACCCCGGGACA. .

GTCTCTGTGGCGCAATCGGTtA.GCGCGTTTGACTGTT .
GTCTCTGTGGCGCAATCGGTtA.GCGCGTTTGACTGTT .
GTCTCTGTGGCGCAATCGGTtA.GCGCGTTTGACTGTT .
GTCTCTGTGGCGCAATCGGTtA.GCGCGTTTGACTGTT .
GTCTCTGTGGCGCAATCGGTtA.GCGCGTTTGACTGTT .
GTCTCTGTGGTGCAATCGGTtA.GCGCGTTCGGCTGTT .
ATCTCCGTGGAGCAATTGGTtA.GCGCGTTCGGCTGTT .
ATCTCCGTGGAGCAATTGGTtA.GCGCGTTCGGCCGTT.
GTCTCTGTGGCACAATCGGTtA.GCGCGTTCGGCTGTT .
GTCTCTGTGGCACAATCGGTtA.GAGCGTTCGGCTGTT .
GTCTCTGTGGCGCAATGGGTtA.GCGCGTTCGGCTGTT .
GTCTCTGTGGCGCAATCGGTtA.GCGCGTTCGGCTGTT .
GTCTCTGTGGCGCAATCGGTtA.GCGCGTTCGGCTGTT .

Asplh

«AACTGAAAGGtTGGTGGTGCAAGCCCATCCAGGGATG. .
«AACTGAAAGGtTGGTGGTGCAAGCCCATCCAGGGATG. .
«AACTGAAAGGtTGGTGGTGCAAGCCCATCCAGGGATG. .
«AACTGAAAGGtTGGTGGTGCAAGCCCATCCAGGGATG. .
«AACTGAAAGGtTGGTGGTGCAAGCCCATCCAGGGATG. .
«AACCATAAGGtTGGTGGTTACAGACCACCCAGGGACG. .
+«AACCGGAAAGtTGGTGGTTCGAGCCTACCCAGGGACG. .
+«AACCGGAAAGtTGGTGGTTCGAGCCTACCCAGGGACG. .
«AATCTAGAGGtTGGTGGTTAGAGCCCACTGAGGGATG. .
«AATCTAAAGGtTGGTGGCTAGAACCCACTGAGGGACG. .
«AACCGAAAGGtTGGTGGTTCGAGCCCATCCAGGGACG. .
«AACCGAAAGAtTGGTGGTTCGAGCCCACCCAGGGACG. .
«AACCGAAAGGtTGGTGGNTCGAGCCCACCCAGGGACGecca

tRNA-Asn-GTT-6-1

tRNA-Asn-GTT-8-1

tRNA-Asn-GTT-7-1

tRNA-Asn-GTT-9-2

tRNA-Asn-GTT-9-1

tRNA-Asn-GTT-10-1
tRNA-Asn-GTT-11-2
tRNA-Asn-GTT-11-1
tRNA-Asn-GTT-12-1
tRNA-Asn-GTT-13-1
tRNA-Asn-GTT-14-1
tRNA-Asn-GTT-20-1
tRNA-Asn-GTT-17-1
tRNA-Asn-GTT-16-5
tRNA-Asn-GTT-16-4
tRNA-Asn-GTT-16-3
tRNA-Asn-GTT-16-2
tRNA-Asn-GTT-16-1
tRNA-Asn-GTT-18-1
tRNA-Asn-GTT-15-1
tRNA-Asn-GTT-19-1
tRNA-Asn-GTT-21-1
tRNA-Asn-GTT-22-1

DN9990_GTT HUMAN_

DN9991_GTT_ HUMAN

RN9990_GTT_HUMAN_LIVER/PLAC

Sc:
S
Sc:
Sc:
Sc:
Sc:
Sc:
Sc:
Sc:
Sc:
Sc:
Sc:
Sc:
Sc:
Sc:
Sc:
Sc:
Sc:
Sc:
Sc:
Sc:
Sc:
Sc:
CY
CY

71.8
66.1
63.1
63.1
63.1
56.9
49.7
49.7
49.1
43.4
42.8
35.4
34.8
34.8
34.8
34.8
34.8
34.8
33.8
33.7
29.2
26.1
20.8

CTCCCCGTCGGGGAATCGAACCCCGGTCTCCCGCGTGACAGGCGGGGATACTCACCACTATACTAACGAGGA

tRNAASPGTC

SESS35>,.355> . L iiieenn <L, <LK,
TCCTCGTTAGTATAGTGGTgA .GTATCCCCGCCTGTCACGCGGGAGA . CCGGGGTTCGATTCCCCG . ACGGGGAG
TCCTCGTTAGTATAGTGGTgA . GTATCCCCGCCTGTCACGCGGGAGA . CCGGGGTTCGATTCCCCG . ACGGGGAG
TCCTCGTTAGTATAGTGGTgA . GTATCCCCGCCTGTCACGCGGGAGA . CCGGGGTTCGATTCCCCG . ACGGGGAG
TCCTCGTTAGTATAGTGGTgA . GTATCCCCGCCTGTCACGCGGGAGA . CCGGGGTTCGATTCCCCG . ACGGGGAG
TCCTCGTTAGTATAGTGGTgA . GTATCCCCGCCTGTCACGCGGGAGA . CCGGGGTTCGATTCCCCG . ACGGGGAG
TCCTCGTTAGTATAGTGGTgA .GTATCCCCGCCTGTCACGCGGGAGA . CCGGGGTTCGATTCCCCG . ACGGGGAG
TCCTCGTTAGTATAGTGGTgA . GTATCCCCGCCTGTCACGCGGGAGA . CCGGGGTTCGATTCCCCG . ACGGGGAG
TCCTCGTTAGTATAGTGGTgA . GTATCCCCGCCTGTCACGCGGGAGA . CCGGGGTTCGATTCCCCG . ACGGGGAG
TCCTCGTTAGTATAGTGGTgA . GTATCCCCGCCTGTCACGCGGGAGA . CCGGGGTTCGATTCCCCG . ACGGGGAG
TCCTCGTTAGTATAGTGGTgA . GTATCCCCGCCTGTCACGCGGGAGA . CCGGGGTTCGATTCCCCG . ACGGGGAG
TCCTCGTTAGTATAGTGGTgA .GTATCCCCGCCTGTCACGCGGGAGA . CCGGGGTTCGATTCCCCG . ACGGGGAG
TCCTCGTTAGTATAGTGGTtA .GTATCCCCGCCTGTCACGCGGGAGA . CCGGGGTTCAATTCCCCG . ACGGGGAG
TCCTCGTTAGTATAGTGGTgA .GTGTCCCCGTCTGTCACGCGGGAGA . CCGGGGTTCGATTCCCCG . ACGGGGAG
TCCTCGTTAGTATGGTGGTgA . GTATCCCTGCCTGTCACGCGGGAGA . CCGGGGTTCGATTCCCCA . ACGGGGAG
TCCTCATCAGTATAGTGGTgA .GTATCCCCGCCTGTCACGCGGGAGA . CTGGGGTTCGATTCCCTG . AGGAGGAG
TTCTTGTTAATATAGTGGTgA .GTATTCCCACCTGTCATGCGGGA .G . ACGGGGTTCAATTCCCTG . ATGGGGAG
TCCTTGTTAGTATAGTGGTgA .GTGTTTCTGCCTGTCATGTGGAG.A.CTGGAGTTTGAGTCCCCA . ACAGGGAG

Glulh

tRNA-Asp-GTC-2-9 Sc: 68.2
tRNA-Asp-GTC-2-8 Sc: 68.2
tRNA-Asp-GTC-2-7 Sc: 68.2
tRNA-Asp-GTC-2-6 Sc: 68.2
tRNA-Asp-GTC-2-5 Sc: 68.2
tRNA-Asp-GTC-2-4 Sc: 68.2
tRNA-Asp-GTC-2-3 Sc: 68.2
tRNA-Asp-GTC-2-2 S 68.2
tRNA-Asp-GTC-2-1 Sc: 68.2
tRNA-Asp-GTC-2-11 Sc: 68.2
tRNA-Asp-GTC-2-10 Sc: 68.2
tRNA-Asp-GTC-1-1 Sc: 67.0
tRNA-Asp-GTC-3-1 Sc: 61.6
tRNA-Asp-GTC-4-1 Sc: 49.3
tRNA-Asp-GTC-5-1 Sc: 46.9
tRNA-Asp-GTC-6-1 Sc: 43.3
tRNA-Asp-GTC-8-1 Sc: 28.6

TTCCCTGACCGGGAATCGAACCCGGGCCWMGGCGGTGARAGCGCCGAATCCTARCCACTAGACCACCAGGGR

tRNAGluYTC

SS>>>>> . >>>> L. .. <KL >>>>> <KL <L a0 W 23>>> <<, L <LK,
TCCCTGGTGGTCTAGTGGTtA .GGATTCGGCGCTCTCACCGCC.GCGGCCCGGGTTCGATTCCCGG. . TCAGGGAA.
TCCCTGGTGGTCTAGTGGTtA .GGATTCGGCGCTCTCACCGCC.GCGGCCCGGGTTCGATTCCCGG. . TCAGGGAA.
TCCCTGGTGGTCTAGTGGTtA .GGATTCGGCGCTCTCACCGCC.GCGGCCCGGGTTCGATTCCCGG. . TCAGGGAA.
TCCCTGGTGGTCTAGTGGTtA .GGATTCGGCGCTCTCACCGCC.GCGGCCCGGGTTCGATTCCCGG. . TCAGGGAA.
TCCCTGGTGGTCTAGTGGTtA .GGATTCGGCGCTCTCACCGCC.GCGGCCCGGGTTCGATTCCCGG. . TCAGGGAA.
TCCCTGGTGGTCTAGTGGTtA .GGATTCGGCGCTCTCACCGCC.GCGGCCCGGGTTCGATTCCCGG. . TCAGGGAA.
TCCCTGGTGGTCTAGTGGTtA .GGATTCGGCGCTCTCACCGCC.GCGGCCCGGGTTCGATTCCCGG. . TCAGGGAA.
TCCCTGGTGGTCTAGTGGTtA .GGATTCGGCGCTCTCACCGCC.GCGGCCCGGGTTCGATTCCCGG. . TCAGGAAA.
CCCCTGGTGGTCTAGTGCTtA .GGATTCGGTGCTCTCACCGCT . GCTGCCTGCGTTCGATTCCCGG. . TCAGGGAA.
TCCTTGAT.GTCTAGTGGTtA .GGATTTGGTGCTCTCACTGCA.GCAGCCTGGGTTCATTTCTCAG. . TCAGGGAA.

TCCCTGGTGGTCTAGTGGTtA .GGATTCGGCGCTCTCACCGCC.GCGGCCCGGGTTCGATTCCCGG. . TCAGGGAACCca

TCCCTGGTGGTCTAGTGGCtA .GGATTCGGCGCTTTCACCGCC.GCGGCCCGGGTTCGATTCCCGG. . CCAGGGAA.
TCCCTGGTGGTCTAGTGGCtA .GGATTCGGCGCTTTCACCGCC.GCGGCCCGGGTTCGATTCCCGG. . TCAGGGAA.
TCCCTGGTGGTCTAGTGGCtA .GGATTCGGCGCTTTCACCGCC.GCGGCCCGGGTTCGATTCCCGG. . TCAGGGAA.
TCCCTGGTGGTCTAGTGGCtA .GGATTCGGCGCTTTCACCGCCtGCAGCTCGAGTTCGATTCCTGG. . TCAGGGAA.
TCCTTGGTGGTCTAGTGGCtA .GGATTCGGTGCTTTCACCTGT . GCGGCCCGGGTTCAATTCCCGA. . TGAAGGAA.
TCCGTGGTGGTCTAGTGGCtA .GGATTCGGCGCTTTCACCGCCtGCAGCTCGAGTTCGATTCCTGG. . TCAGGGAA.
CCCTG. .TGGTCTAGTGGCtA.AGACTTTGTGCTTTCATTGCT.GC . ACCTAGGTTCAATTCCCAG. . T.CAGGGA.
GCAATGGTGGTTCAGTGGT.A.GAATTCTCGCCTTTCACACAG.GAGACCCGGGTTCAATTCCTGA. . CCCATGTA.
TGTCTGGTGGTCAAGTGGCtA .GGATTTGGCGCTTTCACTGCC.GCGGCCCGCGTTCGATTCCCGG. . TCAGGGAA.
GCGTTGGTGGTGTAGTGGTgA . GCACAGCTGCCTTTCAAGCAG. TTAACGCGGGTTCGATTCCCGG. . GTAACGAA.

Glu2h

tRNA-Glu-CTC-
tRNA-Glu-CTC-
tRNA-Glu-CTC-
tRNA-Glu-CTC-
tRNA-Glu-CTC-

o
bl
2
it
@
=
o

1

Q
(=]
Q
1

tRNA-Glu-CTC-
.. tRNA-Glu-CTC-
.. tRNA-Glu-CTC-
tRNA-Glu-CTC-

tRNA-Glu-TTC-
tRNA-Glu-TTC-
tRNA-Glu-TTC-
tRNA-Glu-TTC-
tRNA-Glu-TTC-
tRNA-Glu-TTC-
tRNA-Glu-TTC-
tRNA-Glu-TTC-
tRNA-Glu-TTC-
tRNA-Glu-TTC-

1-7 sc:
1-6 sc:
1-5 sc:
1-4 sc:
1-3 sc:

1-1 s
2-1 Ssc:
3-1 sc:
5-1 Sc:

RE9990_CTC_HUMAN_CY

3-1s
4-2 S
4-1 s
8-1 s
6-1 sc
10-1 s
11-1 sc:
9-1 sc:
7-1 sc:
5-1 Sc:

C:
C:

70.0
70.0
70.0
70.0
70.0
70.0
70.0
63.5
29.4
25.0

42.1

TTCCCAYACCGGGAGTCGAACCCGGGCCRCCTGGGTGAAAACCAGGAATCCTAACCGCTAGACCATRTGGGA

tRNAG1luTTC-1

SS>>>>> .. >>>> . L., <<, L <KL
TCCCACATGGTCTAGCGGTtA .GGATTCCTGGTTTTCACCCAG.GCGGCCCGGGTTCGACTCCCGG. . TGTGGGAA.
TCCCACATGGTCTAGCGGTtA .GGATTCCTGGTTTTCACCCAG.GCGGCCCGGGTTCGACTCCCGG. . TGTGGGAA.
TCCCATATGGTCTAGCGGTtA .GGATTCCTGGTTTTCACCCAG.GTGGCCCGGGTTCGACTCCCGG. . TATGGGAA.
TCCCATATGGTCTAGCGGTtA .GGATTCCTGGTTTTCACCCAG.GTGGCCCGGGTTCGACTCCCGG. . TATGGGAA.

Glu3h

tRNA-Glu-TTC-
tRNA-Glu-TTC-
tRNA-Glu-TTC-
tRNA-Glu-TTC-

2-2 Sc:
2-1 Ssc:
1-2 sc:
1-1 sc:

72.0
72.0
71.3
71.3

TTCGTTACCCGGGAATCGAACCCGCGTTAACTGCTTGAAAGGCAGCTGTGCTCACCACTACACCACCAACGC

tRNAG1luTTC-2

SSS>>>>, . >>. > ... ..., <L <KL >>>>> << <LK ...
GCGTTGGTGGTGTAGTGGTGAGCACAGCTGCCTTTCAAGCAGTTAACGCGGGTTCGAT . TCCCGGGTAACGAA. .

tRNAG1yTCC

SO3535>, 5> . > it i <KL, <K<K, ...
GCGTTGGTGGTATAGTGGTtA .GCATAGCTGCCTTCCAAGCAGTTGACCCGGGTTCGATTCCCGGCCAACGCA.
GCGTTGGTGGTATAGTGGTgA . GCATAGCTGCCTTCCAAGCAGTTGACCCGGGTTCGATTCCCGGCCAACGCA.
GCGTTGGTGGTATAGTGGTgA . GCATAGCTGCCTTCCAAGCAGTTGACCCGGGTTCGATTCCCGGCCAACGCA.
GCGTTGGTGGTATAGTGGTgA . GCATAGCTGCCTTCCAAGCAGTTGACCCGGGTTCGATTCCCGGCCAACGCA. .«

2

tRNA-Glu-TTC-5-1

tRNA-Gly-TCC-1-1
tRNA-Gly-TCC-2-6
tRNA-Gly-TCC-2-5
tRNA-Gly-TCC-2-4

Sc: 42.
Sc: 71.
Sc: 71.
Sc: 71.
Sc: 71.

6
6
6
6

Supplementary Figure S1



GCGTTGGTGGTATAGTGGTgA . GCATAGCTGCCTTCCAAGCAGTTGACCCGGGTTCGATTCCCGGCCAACGCA.
GCGTTGGTGGTATAGTGGTgA . GCATAGCTGCCTTCCAAGCAGTTGACCCGGGTTCGATTCCCGGCCAACGCA. .«
GCGTTGGTGGTATAGTGGTgA . GCATAGCTGCCTTCCAAGCAGTTGACCCGGGTTCGATTCCCGGCCAACGCA.
GCGTTGGTGGTATAGTGGTaA . GCATAGCTGCCTTCCAAGCAGTTGACCCGGGTTCGATTCCCGGCCAACGCA.
GCGTTGGTGGTATAGTGGTgA . GCATAGTTGCCTTCCAAGCAGTTGACCCGGGCTCGATTCCCGCCCAACGCA. .«

Glylh

tRNA-Gly-TCC-2
tRNA-Gly-TCC-2
tRNA-Gly-TCC-2-
tRNA-Gly-TCC-3-
tRNA-Gly-TCC-4-

-3
-2

1
1
1

Sc:
Sc:
Sc:
Sc:
Sc:

71.6
71.6
71.6
71.6
47.7

TGCATTGGCCRGGAATYGAACCCGGGYCTCCCRCGTGGWAGGCGAGAATTCTACCACTGMACCACCMAYGC

tRNAGlySCC

SO3535>, 533> it ii e <LK, ., .
GCATGGGTGGTTC.AGTGGT.A.GAATTCTCGCCTGCCACGCGGGAGGCCCGGGTTCGATTCCCGGCCCATGCA. . .«
GCATGGGTGGTTC.AGTGGT.A.GAATTCTCGCCTGCCACGCGGGAGGCCCGGGTTCGATTCCCGGCCCATGCA. . .«
GCATGGGTGGTTC.AGTGGT.A.GAATTCTCGCCTGCCACGCGGGAGGCCCGGGTTCGATTCCCGGCCCATGCA. . .«
GCATGGGTGGTTC.AGTGGT.A.GAATTCTCGCCTGCCACGCGGGAGGCCCGGGTTCGATTCCCGGCCCATGCA. . .«
GCATGGGTGGTTC.AGTGGT.A.GAATTCTCGCCTGCCACGCGGGAGGCCCGGGTTCGATTCCCGGCCCATGCA. . .«
GCATTGGTGGTTC.AGTGGT.A.GAATTCTCGCCTGCCACGCGGGAGGCCCGGGTTCGATTCCCGGCCAATGCA.
GCATTGGTGGTTC.AGTGGT.A.GAATTCTCGCCTGCCACGCGGGAGGCCCGGGTTCGATTCCCGGCCAATGCA.
GCATTGGTGGTTC.AGTGGT.A.GAATTCTCGCCTGCCACGCGGGAGGCCCGGGTTCGATTCCCGGCCAATGCA.
GCATTGGTGGTTC.AGTGGT.A.GAATTCTCGCCTGCCACGCGGGAGGCCCGGGTTCGATTCCCGGCCAATGCA.
GCATTGGTGGTTC.AGTGGT.A.GAATTCTCGCCTGCCACGCGGGAGGCCCGGGTTCGATTCCCGGCCAATGCA.
GCATTGGTGGTTC.AGTGGT.A.GAATTCTCGCCTGCCACGCGGGAGGCCCGGGTTCGATTCCCGGCCAATGCA. . .«
GCATTGGTGGTTC.AGTGGT.A.GAATTCTCGCCTGCCACGCGGGAGGCCCGGGTTTGATTCCCGGCCAGTGCA. . .«
GCATAGGTGGTTC.AGTGGT.A.GAATTCTTGCCTGCCACGCAGGAGGCCCAGGTTTGATTCCTGGCCCATGCA. . .
GCATTGGTGGTTC.AGTGGT.A.GAATTCTCGCCTGCCATGCGGGCGGCCGGGCTTCGATTCCTGGCCAATGCA. . .«
GCATGGGTGATTC.AGTGGT.A.GAATTTTCACCTGCCATGCAGGAGGTCCAGGTTCATTTCCTGGCCTATGCA. . .
GCATTGGTGGTTC.AGTGGT.A.GAATTCTCGCCTGCCACGCGGGAGGCCCGGGTTCGATTCCCGGCCAATGCA. . .«
GCATTGGTGGTTC.AGTGGT.A.GAATTCTCGCCTGCCACGCGGGAGGCCCGGGTTCGATTCCCGGCCAATGCACCca

GCATTGGTGGTTC.AGTGGT.A.GAATTCTCGCCTCCCACGCGGGAGACCCGGGTTCAATTCCCGGCCAATGCA.
GCATTGGTGGTTC.AGTGGT.A.GAATTCTCGCCTCCCACGCGGGAGACCCGGGTTCAATTCCCGGCCAATGCA.
GCGCCGCTGGTGT .AGTGGT.A.TCATGCAAGATTCCCATTCTTGCGACCCGGGTTCGATTCCCGGGCGGCGCA.
GCGCCGCTGGTGT .AGTGGT.A.TCATGCAAGATTCCCATTCTTGCGACCCGGGTTCGATTCCCGGGCGGCGCA. . .«
GCATTGGTGGTTC.AATGGT.A.GAATTCTCGCCTCCCACGCAGGAGACCCAGGTTCGATTCCTGGCCAATGCA. . .
GCGTTGGTGGTTT.AGTGGT.A.GAATTCTCGCCTCCCATGCGGGAGACCCGGGTTCAATTCCCGGCCACTGCA. . .«
GCCTTGGTGGTGC.AGTGGT.A.GAATTCTCGCCTCCCACGTGGGAGACCCGGGTTCAATTCCCGGCCAATGCA. . .
GCGTCAGTGGTTT.AGTGGT.G.GAATTCCTGCCTCCCATGCACGAGATCCGTGTTCAACTCCTGGTTGGTGCA. . .
GCGTTGGCAGTTC.AGTGGT.A.GAATTCTCGCCTCCCACCCGGGAGACCTGGATTCCATTTCCGGCAAATGCA.
GCGTTGGCAGTTC.AGTGGT.A.GAATTCTCGCCTCCCACCCGGGAGACCTGGATTCCATTTCCGGCAAATGCA.
GCGTCAGTGGTTTtAGTGGT.G.GAATTCCTGCCTCCCATGCACGAGATCCGTGTTCAACTCCTGGTTGGTGCA. . .

Gly2h

tRNA-Gly-GCC-1-5
tRNA-Gly-GCC-1-4
tRNA-Gly-GCC-1-3
tRNA-Gly-GCC-1-2
tRNA-Gly-GCC-1-1
tRNA-Gly-GCC-2-6
tRNA-Gly-GCC-2-5
tRNA-Gly-GCC-2-4
tRNA-Gly-GCC-2-3
tRNA-Gly-GCC-2-2
tRNA-Gly-GCC-2-1
tRNA-Gly-GCC-3-1
tRNA-Gly-GCC-4-1
tRNA-Gly-GCC-5-1
tRNA-Gly-GCC-6-1
DG9990_GCC_HUMAN

Sc:
Sc:
Sc:
Sc:
Sc:
Sc:
Sc:
Sc:
Sc:
Sc:
Sc:
Sc:
Sc:
Sc:
Sc:
CY

79.9
79.9
79.9
79.9
79.9
77.9
77.9
77.9
77.9
77.9
77.9
69.9
64.5
50.7
38.7

RG9991_GCC_HUMAN_PLACENTA

tRNA-Gly-CCC-1-2
tRNA-Gly-CCC-1-1
tRNA-Gly-CCC-2-2
tRNA-Gly-CCC-2-1
tRNA-Gly-CCC-3-1
tRNA-Gly-CCC-4-1
tRNA-Gly-CCC-5-1
tRNA-Gly-CCC-8-1

tRNA-Gly-CCC-chrl-19
tRNA-Gly-CCC-chrl-16

Sc:
Sc:
Sc:
Sc:
Sc:
Sc:
Sc:
Sc:

75.5
75.5
74.1
74.1
63.3
62.1
52.3
30.7
Sc:

Sc:

tRNA-Gly-CCC-chrl-102 Sc:

23.7
23.7

20.1

TGCGTTGGCCGGGAATCGAACCCGGGTCAACTGCTTGGAAGGCAGCTATGCTCACCACTATACCACCAACGC

tRNAG1yTCC

SSSS>>>, 5> > ..., <<, .
GCGTTGGTGGTAT .AGTGGTtA .GCATAGCTGCCTTCCAAGCAGTTGACCCGGGTTCGATTCCCGGCCAACGCA.
GCGTTGGTGGTAT .AGTGGTgA . GCATAGCTGCCTTCCAAGCAGTTGACCCGGGTTCGATTCCCGGCCAACGCA.
GCGTTGGTGGTAT . AGTGGTgA . GCATAGCTGCCTTCCAAGCAGTTGACCCGGGTTCGATTCCCGGCCAACGCA.
GCGTTGGTGGTAT .AGTGGTgA . GCATAGCTGCCTTCCAAGCAGTTGACCCGGGTTCGATTCCCGGCCAACGCA.
GCGTTGGTGGTAT . AGTGGTgA . GCATAGCTGCCTTCCAAGCAGTTGACCCGGGTTCGATTCCCGGCCAACGCA.
GCGTTGGTGGTAT . AGTGGTgA . GCATAGCTGCCTTCCAAGCAGTTGACCCGGGTTCGATTCCCGGCCAACGCA.
GCGTTGGTGGTAT .AGTGGTgA . GCATAGCTGCCTTCCAAGCAGTTGACCCGGGTTCGATTCCCGGCCAACGCA.
GCGTTGGTGGTAT .AGTGGTaA . GCATAGCTGCCTTCCAAGCAGTTGACCCGGGTTCGATTCCCGGCCAACGCA. . .«
GCGTTGGTGGTAT . AGTGGTgA . GCATAGTTGCCTTCCAAGCAGTTGACCCGGGCTCGATTCCCGCCCAACGCA. . .
GCGTTGGTGGTAT .AGTGGTtA .GCATAGCTGCCTTCCAAGCAGTTGACCCGGGTTCGATTCCCGGCCAACGCA. . .

tRNA-Gly-TCC-1-1
tRNA-Gly-TCC-2-6
tRNA-Gly-TCC-2-5
tRNA-Gly-TCC-2-4
tRNA-Gly-TCC-2-3
tRNA-Gly-TCC-2-2
tRNA-Gly-TCC-2-1
tRNA-Gly-TCC-3-1
tRNA-Gly-TCC-4-1
DG9992_TCC_HUMAN

Sc:
Sc:
Sc:
Sc:
Sc:
Sc:
Sc:
Sc:
Sc:
CY

71.6
71.6
71.6
71.6
71.6
71.6
71.6
71.6
47.7

Hislh
TGCCGTGACTCGGATTCGAACCGAGGTTGCTGCGGCCACAACGCAGAGTACTAACCACTATACGATCACGGC
tRNAHisGTG

«GCCGTGATCGTATAGTGGTtA.GTACTCTGCGTTGTGGCCGCAGCAACCTCGGTTCGAATCCGAGTCACGGCA. . .
«GCCGTGATCGTATAGTGGTtA.GTACTCTGCGTTGTGGCCGCAGCAACCTCGGTTCGAATCCGAGTCACGGCA. . .
«GCCGTGATCGTATAGTGGTtA.GTACTCTGCGTTGTGGCCGCAGCAACCTCGGTTCGAATCCGAGTCACGGCA. . .
«GCCGTGATCGTATAGTGGTtA.GTACTCTGCGTTGTGGCCGCAGCAACCTCGGTTCGAATCCGAGTCACGGCA. . .
«GCCGTGATCGTATAGTGGTtA.GTACTCTGCGTTGTGGCCGCAGCAACCTCGGTTCGAATCCGAGTCACGGCA.
«GCCGTGATCGTATAGTGGTtA.GTACTCTGCGTTGTGGCCGCAGCAACCTCGGTTCGAATCCGAGTCACGGCA.
«GCCGTGATCGTATAGTGGTtA.GTACTCTGCGTTGTGGCCGCAGCAACCTCGGTTCGAATCCGAGTCACGGCA.
«GCCGTGATCGTATAGTGGTtA.GTACTCTGCGTTGTGGCCGCAGCAACCTCGGTTCGAATCCGAGTCACGGCA.
«GCCGTGATCGTATAGTGGTtA.GTACTCTGCGTTGTGGCCGCAGCAACCTCGGTTCGAATCCGAGTCACGGCA.
«GCCATGATCGTATAGTGGTtA.GTACTCTGCGCTGTGGCCGCAGCAACCTCGGTTCGAATCCGAGTCACGGCA. . .
gGCCGTGATCGTATAGTGGTtA.GTACTCTGCGTTGTGGCCGCAGCAACCTCGGTTCGAATCCGAGTCACGGCAcca

Ile2h

tRNA-His-GTG-1-
tRNA-His-GTG-1-
tRNA-His-GTG-1-
tRNA-His-GTG-1-
tRNA-His-GTG-1-5
tRNA-His-GTG-1-4
tRNA-His-GTG-1-3
tRNA-His-GTG-1-2
tRNA-His-GTG-1-1
tRNA-His-GTG-2-1
RH9990_GTG_HUMAN

9
8
7
6

Sc: 60.6
Sc: 60.6
Sc: 60.6
Sc: 60.6
Sc: 60.6
Sc: 60.6
Sc: 60.6
Sc: 60.6
Sc:

Sc: 53.9
HELA-CELLS

TGCTCCAGGTGAGGMTCGAACTCACAACCTCGGCATTATAAGTACCGCGCGCTAACCGATTGCGCCACTGGAGC

tRNAIleTAT

SS>>>>> . >>>> . ..., <LK,
GCTCCAGT .GGCGCAATCGGTtAGCGCGCGGTACTTATAATGC . CGAGGtTGTGAGTTCGATCCTCACCTGGAGCA
GCTCCAGT .GGCGCAATCGGTtAGCGCGCGGTACTTATAATGC . CGAGGtTGTGAGTTCGAGCCTCACCTGGAGCA
GCTCCAGT .GGCGCAATCGGTtAGCGCGCGGTACTTATAATGC . CGAGGtTGTGAGTTCGAGCCTCACCTGGAGCA
GCTCCAGT .GGCGCAATCGGTtAGCGCGCGGTACTTATAATGC . CGAGGtTGTGAGTTCGAGCCTCACCTGGAGCA
GCTCCAGT .GGCGCAATCGGTtAGCGCGCGGTACTTATAATGC . CGAGGtTGTGAGTTCAAGCCTCACCTGGAGCA

Leulh

tRNA-Ile-TAT-1-1
tRNA-Ile-TAT-2-2
tRNA-Ile-TAT-2-
tRNA-Ile-TAT-2-

1
3
tRNA-Ile-TAT-3-1

Sc:
Sc:
Sc:
Sc:
Sc:

72.4
70.1
70.1
70.1
68.9

TGGCAGYGGTGGGATTCRAACCCACGCCYCCGAARAGACTGGAGCCTTAATCCAGCGCCTTAGACCRCTCGGCCACRCTA

tRNALeuwAG

S555>>>, >3]
GGTAGCGTGGCCGAGC.GGTct .A.AGGCGCTGGATTAAGG.CTCCAGT. .CTCT..TC.
GGTAGCGTGGCCGAGC.GGTct .A.AGGCGCTGGATTAAGG.CTCCAGT. .CTCT..TC.
GGTAGCGTGGCCGAGC.GGTct .A.AGGCGCTGGATTAAGG.CTCCAGT. .CTCT..TC.
GGTAGCGTGGCCGAGC.GGTct .A.AGGCGCTGGATTAAGG.CTCCAGT. .CTCT..TC.
GGTAGCGTGGCCGAGC.GGTct .A.AGGCGCTGGATTAAGG.CTCCAGT. .CTCT..TC.
GGTAGCGTGGCCGAGC.GGTct .A.AGGCGCTGGATTAAGG.CTCCAGT. .CTCT..TC.
GGTAGCGTGGCCGAGC.GGTct .A.AGGCGCTGGATTAAGG.CTCCAGT. .CTCT..TC.
GGTAGCGTGGCCGAGC.GGTct .A.AGGCGCTGGATTAAGG.CTCCAGT. .CTCT..TC.

LKL, L L3

>>

<L, <L LKL,
«GGAGG . CGTGGGTTCGAATCCCAC.CGCTGCCA.
«GGAGG . CGTGGGTTCGAATCCCAC.CGCTGCCA.
«GGAGG . CGTGGGTTCGAATCCCAC.CGCTGCCA.
«GGGGG . CGTGGGTTCGAATCCCAC.CGCTGCCA.
«GGGGG . CGTGGGTTCGAATCCCAC.CGCTGCCA.
«GGGGG . CGTGGGTTCGAATCCCAC.CGCTGCCA.
«GGGGG . CGTGGGTTCGAATCCCAC.CGCTGCCA.
+GGGGG . CGTGGGTTCAAATCCCAC.CGCTGCCA. .

tRNA-Leu-AAG-1-1 75.2
tRNA-Leu-AAG-1-2 75.2
tRNA-Leu-AAG-1-3 Sc: 75.2
tRNA-Leu-AAG-2-1 Sc: 74.8
tRNA-Leu-AAG-2-2 Sc: 74.8
tRNA-Leu-AAG-2-3 Sc: 74.8
tRNA-Leu-AAG-2-4 Sc: 74.8
tRNA-Leu-AAG-3-1 Sc: 73.8
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GGTAGCGTGGCCGAGC.GGTct .A.AGGCGCTGGATTTAGG.CTCCAGT. .CTCT..TC. .
GGTAGTGTGGCCGAGC.GGTct .A.AGGCGCTGGATTTAGG.CTCCAGT. .CTCT..TC.
GGTAGCGTGGCCGAGT.GGTct .A.AGGCGCTGGATTTAGG.CTCCAGT. .CATT..TC. .

«...GGAGG.CGTGGGTTCGAATCCCAC.CGCTGCCA. .. tRNA-Leu-TAG-1-1 Sc: 75.2
«GGGGG . CGTGGGTTCGAATCCCAC.CACTGCCA. tRNA-Leu-TAG-2-1 S 74.1
«...GATGG.CGTGGGTTCGAATCCCAC.CGCTGCCA... tRNA-Leu-TAG-3-1 Sc: 73.9

GGTAGCGTGGCCGAGC.GGTct.A.AGGCGCTGGATTTAGG.CTCCAGT. . .CTCT..TCe v e v vwvws GGAGG.CGTGGGTTCGAATCCCAC.CGCTGCCA. .. DL9990_TAG_HUMAN_CY
Leu2hn
TGTCARAAGTGGGATTCGAACCCACGCCTCCAGWGGAGGWTGCGATTTGAACGCAGCGCCTTAAGACYGCTCGGCCATCC
tRNALeuCAG

P S TN T, ECC D ECCCC R 3 S ECCC OS5 <LK, . . "

GTCAGGAT .GGCCGAGCGGTct . AAGGCG.CTGCG. TTCAGGT . CGCAGT. . .CTCC. . CCTGGAGG . CGTGGGTTCGAATCCCACTCCTGACA. .
GTCAGGAT .GGCCGAGCGGTct . AAGGCG.CTGCG. TTCAGGT . CGCAGT. . .CTCC. . CCTGGAGG . CGTGGGTTCGAATCCCACTCCTGACA.
GTCAGGAT .GGCCGAGCGGTct . AAGGCG.CTGCG. TTCAGGT . CGCAGT. . .CTCC. . CCTGGAGG . CGTGGGTTCGAATCCCACTCCTGACA.
GTCAGGAT .GGCCGAGCGGTct . AAGGCG.CTGCG. TTCAGGT . CGCAGT. . .CTCC. . CCTGGAGG . CGTGGGTTCGAATCCCACTCCTGACA.
GTCAGGAT .GGCCGAGCGGTct . AAGGCG.CTGCG. TTCAGGT . CGCAGT. . .CTCC. . CCTGGAGG . CGTGGGTTCGAATCCCACTCCTGACA.
GTCAGGAT .GGCCGAGCGGTct . AAGGCG.CTGCG. TTCAGGT . CGCAGT. . .CTCC. . CCTGGAGG . CGTGGGTTCGAATCCCACTCCTGACA. .
GTCAGGAT .GGCCGAGCGGTct . AAGGCG.CTGCG. TTCAGGT . CGCAGT. . .CTCC. . CCTGGAGG . CGTGGGTTCGAATCCCACTCCTGACA
GTCAGGAT .GGCCGAGCGGTct . AAGGCG.CTGCG. TTCAGGT . CGCAGT. . .CTCC. . CCTGGAGG . CGTGGGTTCGAATCCCACTTCTGACA
GTCAGGAT .GGCCGAGCGGTct . AAGGCG.CTGCG. TTCAGGT . CGCAGT. . .CTCC. . CCTGGAGG . CGTGGGTTCGAATCCCACTTCTGACA
GTCAGGGT .GGCTGAGCAGTct . GAGGGG.CTGCG. TTCAGGT . CGCAGT. . .CTGC. . CCTGGAGG . CGTGGGTTCGAATCCCACTCCTGAAA. .

tRNA-Leu-CAG-1-7 Sc: 83.1
tRNA-Leu-CAG-1-6 Sc: 83.1
tRNA-Leu-CAG-1-5 Sc: 83.1
tRNA-Leu-CAG-1-4 Sc: 83.1
tRNA-Leu-CAG-1-3 Sc: 83.1
tRNA-Leu-CAG-1-2 Sc: 83.1
tRNA-Leu-CAG-1-1 Sc: 83.1
tRNA-Leu-CAG-2-2 Sc: 82.4
tRNA-Leu-CAG-2-1 Sc: 82.4
tRNA-Leu-CAG-chr9-7 Sc: 28.4

Leu3h
TGTCAGAAGTGGGATTCGAACCCACGCCTCCATTGGAGACCAGAACTTGAGTCTGGCGCCTTAGACCACTCGGCCATCC
tRNALeuCAA

SO3533>, L3> > i it i ESC D S 5 5 5 T ECCCC ORI S5 A S S S e TR .

GTCAGGAT.GGCCGAGTGGTct .AAGGCG.CCAGA.CTCAAGT.TCTGGT . CTCC..GTAT.. .GGAGG.CGTGGGTTCGAAT. . tRNA-Leu-CAA-2-1 Sc: 84.0
GTCAGGAT.GGCCGAGTGGTct .AAGGCG.CCAGA.CTCAAGT . TCTGGT . CTCC..GCAT.. .GGAGG.CGTGGGTTCGAAT. . tRNA-Leu-CAA-3-1 Sc: 83.4
GTCAGGAT.GGCCGAGTGGTct .AAGGCG.CCAGA.CTCAAGT.TCTGGT . CTCC..AAT... .GGAGG.CGTGGGTTCGAAT. . tRNA-Leu-CAA-1-2 Sc: 82.9
GTCAGGAT.GGCCGAGTGGTct .AAGGCG.CCAGA.CTCAAGT . TCTGGT . CTCC..AAT... .GGAGG.CGTGGGTTCGAAT. . tRNA-Leu-CAA-1-1 Sc: 82.8
GTCAGGAT.GGCCGAGTGGTct .AAGGCG.CCAGA.CTCAAGT.TCTGGT...CTCCGG.e s e v v vw. ATGGAGG.CGTGGGTTCGAAT....CCCAC....TTCTGACA... tRNA-Leu-CAA-4-1 Sc: 79.6

Leu4h
TACCRGGAGTGGGGYTCGAACCCACGCGGACAYCSGTCCATTGGATCTTAAGTCCAACGCCTTAACCACTCRGCCATCC
tRNALeuTAA-1

SE3335> ., L. O3> . ittt RS S TIP > 0 o ESSSC G S e R R R S ESCCUID > 5 > SR <LK, .
ACCAGGAT .GGCCGAGTGGTt . . AAGGCG.TTGGA.CTTAAGA.TCCAAT. . .GGAC. .ATAT. . «GTCCG.CGTGGGTTCGAACCCCACTCCTGGTA.
ACCAGAAT.GGCCGAGTGGTt . .AAGGCG.TTGGA.CTTAAGA.TCCAAT. . .GGAT. .TCAT. . +«ATCCG.CGTGGGTTCGAACCCCACTTCTGGTA. .
ACCGGGAT .GGCCGAGTGGTt . .AAGGCG.TTGGA.CTTAAGA.TCCAAT. . .GGGCTG. . +«GTGCCCG.CGTGGGTTCGAACCCCACTCTCGGTA.
ACCGGGAT .GGCTGAGTGGTt . . AAGGCG.TTGGA.CTTAAGA.TCCAAT. . .GGACAG. . +«GTGTCCG.CGTGGGTTCGAGCCCCACTCCCGGTA.

tRNA-Leu-TAA-1-1 Sc: 92.1
tRNA-Leu-TAA-3-1 Sc: 89.3
tRNA-Leu-TAA-2-1 Sc: 85.0
tRNA-Leu-TAA-4-1 Sc: 83.3

ACCAGGAT .GGCCAAGTAGTta.AAGGCA.CTGGA.CTTAAGA.GCCAAT...GGAC. .ATAT...... GTCTG.TGTGGGTTTGAACCCCACTCCTGGTG. .. tRNA-Leu-TAA-chrll-12 Sc: 50.7
ACTCATTT.GGCTGAGTGGTt . .AAGGCA.TTGGA.CTTAAGA.TCCAAT.G.GAGT. .AGT....... GGCTG.TGTGGGTTTAAACCCCACTACTGGTA... tRNA-Leu-TAA-5-1 Sc: 37.2
Leu6h

TGTTAAKRAGAGGAGTTGAACCTCTGATTATAAARTTTTAAGTYTTATGCAATTRCCRGGCTCTGCCATCTTAAC
tRNALeuTAA-2

SESSS3>, 555> L. iiiie.. LKL >>>>> 0 iieeees <<<K<K<Keann S>>, ... <<, ...

GTTAAGAT .GGCAGAGCCtGGTa. .ATTGCA.TAAAA.CTTAAAA . TTTTATAAtCAGAGGTTCAACTCCTCTTCTTAACA. . . nmt-tRNA-Leu-TAA-1-1 Sc: 55.7
GTTAAGAT .GGCAGAGCCcGGCa. .ATTGCA . TAAGA .CTTAAAA . CTTTATAAtCAGAGGTTCAACTCCTCTCATTAACA. . . nmt-tRNA-Leu-TAA-4-1 Sc: 30.0
Lyslh
CGCCCAACGTGGGGCTCGAACCCACGACCCTGAGATTAAGAGTCTCATGCTCTACCGACTGAGCTAGCCGGGC
tRNALysCTT

SSS>5>> . 555> Lt <LLKLKLe e a>>>>> 000 .. <<<<<iennnn SE>>>. ... <<, L <LK

GCCCGGCTAGCTCAGTCGGT.A.GAGCA. . . TGGGACTCTTAATCCCAGGGtC.GTGGGTTCGAGCCCCAC. . GTTGGGCG tRNA-Lys-CTT-1-2 Sc: 78.5
GCCCGGCTAGCTCAGTCGGT.A.GAGCA. . . TGGGACTCTTAATCCCAGGGtC.GTGGGTTCGAGCCCCAC. . GTTGGGCG tRNA-Lys-CTT-1-1 Sc: 78.5
GCCCGGCTAGCTCAGTCGGT.A.GAGCA. . . TGAGACTCTTAATCTCAGGGtC.GTGGGTTCGAGCCCCAC. . GTTGGGCG tRNA-Lys-CTT-2-5 Sc: 78.0
GCCCGGCTAGCTCAGTCGGT.A.GAGCA. . . TGAGACTCTTAATCTCAGGGtC.GTGGGTTCGAGCCCCAC. . GTTGGGCG tRNA-Lys-CTT-2-4 Sc: 78.0

GCCCGGCTAGCTCAGTCGGT.A.GAGCA. . . TGAGACTCTTAATCTCAGGGtC.GTGGGTTCGAGCCCCAC. .GTTGGGCG tRNA-Lys-CTT-2-3 Sc: 78.0
GCCCGGCTAGCTCAGTCGGT.A.GAGCA. . . TGAGACTCTTAATCTCAGGGtC.GTGGGTTCGAGCCCCAC. .GTTGGGCG tRNA-Lys-CTT-2-2 Sc: 78.0
GCCCGGCTAGCTCAGTCGGT.A.GAGCA. . . TGAGACTCTTAATCTCAGGGtC.GTGGGTTCGAGCCCCAC. .GTTGGGCG tRNA-Lys-CTT-2-1 Sc: 78.0
GCCCGGCTAGCTCAGTCGGT.A.GAGCA. . . TGAGACCCTTAATCTCAGGGtC.GTGGGTTCGAGCCCCAC. .GTTGGGCG tRNA-Lys-CTT-3-1 Sc: 73.5
GCCCGGCTAGCTCAGTCGGT.A.GAGCA. . . TGGGACTCTTAATCTCAGGGtC.GTGGGTTCGAGCCCCAC. .GTTGGGCG tRNA-Lys-CTT-4-1 Sc: 71.4
GCCCGGCTAGCTCAGTCGAT.A.GAGCA. . . TGAGACTCTTAATCTCAGGGtC.GTGGGTTCGAGCCGCAC. .GTTGGGCG tRNA-Lys-CTT-5-1 Sc: 55.6
GCCCAGCTAGCTCAGTCGGT.A.GAGCA. . . TGAGACTCTTAATCTCAGGGtC.ATGGGTTTGAGCCCCAC. .GTTTGGTG tRNA-Lys-CTT-7-1 Sc: 53.4
GACGAGCTAGCTCAGTCGGT.A.GAGCA. . . TGGGACTCTTAATCCCAGGGtC.GTGGGTTTGAGCCCCAT. . GTTGGGCA tRNA-Lys-CTT-6-1 Sc: 53.1
GCCTGGCTAGCTCAGTCGGC.A.AAGCA. . . TGAGACTCTTAATCTCAGGGtC.GTGGGCTCGAGCTCCAT. . GTTGGGCG tRNA-Lys-CTT-8-1 Sc: 47.9
CTGCAGCTAGCTCAGTCGGT.A.GAGCA. . . TGAGACTCTTAATCTCAGGGtC.ATGGGTTCGTGCCCCAT. .GTTG. .GG tRNA-Lys-CTT-11-1 Sc: 42.8
GCCCGACTACCTCAGTCGGT.G.GAGCA. . . TGGGACTCTTCATCCCAGGGLT . GTGGGTTCGAGCCCCAC. . ATTGGGCA tRNA-Lys-CTT-9-1 Sc: 40.7
GCCCAGCTAGCTCAGTCGGT.A.GAGCA. . . TAAGACTCTTAATCTCAGGGLT . GTGGATTCGTGCCCCAT. . GCTGGGTG tRNA-Lys-CTT-10-1 Sc: 38.4
CCAGCA.TGTCTCAGTCGGT.A.TAGTG. . . TGAGACTCTTAATCTCAGGGtC.GTGGGTTCAAGCCCCAC. .A. .TTGGG tRNA-Lys-CTT-12-1 Sc: 36.3
GCCCAGCTAGCTCAGCCGGT.A.GAGCA. . .CAAGACTCTTAATCTCAGGGtC.GTGGGTTTGAGCCCTGT. . GTTGAGCA tRNA-Lys-CTT-14-1 Sc: 30.9
. .CCGAATAGCTTAGTTGAT.G.AAGCG. . . TGAGACTCTTAATCTCAGGGtA .GTGGGTTCAAGCCCCAC. .ATTGG. .A tRNA-Lys-CTT-15-1 Sc: 29.8
GTCTAGCTAGATCAGTTGGT.A.GAGCA. . . TAAGACTCTTAATCTCAGGGtC.ATGGGTTTGAGCCCTAC. .GTTGGGCG tRNA-Lys-CTT-13-1 Sc: 26.9
GCCTGGCTACCTCAGTTGGT.A.GAGCA. . . TGGGACTCTTAATCCCAGAGtCaGTGGGTTCAAGCCTCAC. .ATTGAGTG tRNA-Lys-CTT-16-1 Sc: 23.1
CCCCGGCTGGCTCAGTCAGT.A.GATCA. . . TGAGACTCTTAATCTCAGGGtC.GTGGGTTCACGCCCCAC. .ACTGGGCG tRNA-Lys-CTT-chrlé-1 Sc: 21.9
GCCCGGCTAGCTCAGTCGGT.A.GAGCA. . . TGAGACTCTTAATCTCAGGGtC.GTGGGTTCGAGCCCCAC. .GTTGGGCG DK9991_ CTT_HUMAN_CY

Lys2h
CGCCYGAACAGGGACTTGAACCCTGGACCCTCAGATTAAAAGTCTGATGCTCTACCRACTGAGCTATCCRGGC
tRNALysTTT-1

SS>>>>> . >>>> . ..., <KL >>>>>, ... ... <<<K<K<venn. SS>>>. ..., <<, L <LK,
GCCTGGATAGCTCAGTTGGT . A.GAGCATCAGACTTTTAATCTGAGGGLC . CAGGGTTCAAGTCCCTG. . TTCAGGCA tRNA-Lys-TTT-1-1 Sc: 85.6
GCCTGGATAGCTCAGTTGGT . A.GAGCATCAGACTTTTAATCTGAGGGLC . CAGGGTTCAAGTCCCTG. . TTCAGGCG tRNA-Lys-TTT-2-1 Sc: 84.7
GCCCGGATAGCTCAGTCGGT . A.GAGCATCAGACTTTTAATCTGAGGGLC . CAGGGTTCAAGTCCCTG. . TTCGGGCG tRNA-Lys-TTT-3-5 Sc: 84.0
GCCCGGATAGCTCAGTCGGT .A.GAGCATCAGACTTTTAATCTGAGGGLC . CAGGGTTCAAGTCCCTG. . TTCGGGCG tRNA-Lys-TTT-3-4 Sc: 84.0
GCCCGGATAGCTCAGTCGGT . A.GAGCATCAGACTTTTAATCTGAGGGLC . CAGGGTTCAAGTCCCTG. . TTCGGGCG tRNA-Lys-TTT-3-3 Sc: 84.0
GCCCGGATAGCTCAGTCGGT . A.GAGCATCAGACTTTTAATCTGAGGGLC . CAGGGTTCAAGTCCCTG. . TTCGGGCG tRNA-Lys-TTT-3-2 Sc: 84.0
GCCCGGATAGCTCAGTCGGT . A.GAGCATCAGACTTTTAATCTGAGGGLC . CAGGGTTCAAGTCCCTG. . TTCGGGCG tRNA-Lys-TTT-3-1 Sc: 84.0
GCCTGGATAGCTCAGTCGGT . A.GAGCATCAGACTTTTAATCTGAGGGLC . CAGGGTTCAAGTCCCTG. . TTCAGGCG tRNA-Lys-TTT-4-1 Sc: 83.3
GCCCGGATAGCTCAGTCGGT . A.GAGCATCAGACTTTTAATCTGAGGGLC . CGGGGTTCAAGTCCCTG. . TTCGGGCG tRNA-Lys-TTT-5-1 Sc: 82.6
GCCTGGGTAGCTCAGTCGGT . A.GAGCATCAGACTTTTAATCTGAGGGLC . CAGGGTTCAAGTCCCTG. . TCCAGGCG tRNA-Lys-TTT-6-1 Sc: 80.0
GCCTGGATAGCTCAGTTGGT . A.GAACATCAGACTTTTAATCTGACGGtG.CAGGGTTCAAGTCCCTG. . TTCAGGCG tRNA-Lys-TTT-7-1 Sc: 73.9
GCCCGGAGAGCTCAGTGGGtA. . GAGCATCAGACTTTTAATCTGAGGGLC . CAGGGTTCAAGTCCTCG. . TTCGGGCA tRNA-Lys-TTT-8-1 Sc: 53.2
GCCAGGATAGTTCAGGTGGT.A.GAGCATCAGACTTTTAACCTGAGGGLT . CAGGGTTCAAGTCTCTG. . TTTGGGCG tRNA-Lys-TTT-10-1 Sc: 44.7
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GCCTGGGTAGCTCAGTCGGT .A.GAGCTTCAGACTTTTAGCCTGAGGALT . CAGGGTTCAATCCCTTG. . CTGGGGCG tRNA-Lys-TTT-13-1 Sc:

34.6

GCCTGGATAGCTCCTTCGGT . A.GAGCATCAGACTTTTAATGTGAGGGLC . CAGGGTTCAAGTTCCTG. . TTTGGGCG tRNA-Lys-TTT-chr3-2 Sc: 33.1

Lys3h

CACCCAAAAAGGGACATGAACCTTGGACCCTCAGATTAAAAGTCTGATGCTCTACTGACTGAGCTATCTGGGT

tRNALysTTT-2

SES335>,.3553> ., Lt

ACCCAGATAGCTCAGTCAGT .A.GAGCATCAGACTTTTAATCTGAGGGLC . CAAGGTTCATGTCCCTT. . TTTGGGTG tRNA-Lys-TTT-11-1 Sc:

Lys4h

KKK O>O>> L L. ... <<<K<<.vennn. >>>. ..., << <L L <L,

36.9

CGCCTGGACAGGGACTTGAACCCTAGACCCTCAGATTAAAAGTCTGATGTTCTACCTACTGAGCTACCCAGGT

tRNALysTTT-3

PP 2 ST P SN

ACCTGGGTAGCTTAGTTGGT . A.GAGCATTGGACTTTTAATTTGAGGGCC . CAGGTTTCAAGTCCCTG. . TTTGGGTG tRNA-Lys-TTT-12-1 Sc:

Metlh

PSR S S I <<K<K<K< L hnnnn S>53>> . .00 <LK, <L, .
ACCTGGGTAGCTCAGTAGGT .A.GAACATCAGACTTTTAATCTGAGGGLC . TAGGGTTCAAGTCCCTG. . TCCAGGCG tRNA-Lys-TTT-9-1 Sc:

54.2
41.9

TAGCAGAGGATGGTTTCGATCCATCGACCTCTGGGTTATGGGCCCAGCACGCTTCCGCTGCGCCACTCTGCT

tRNAMet-i

SES335>,.3553> . L iiieenn

Met2h

RS R e <<<<< inn S>53>> . .00 <L L L L LKL,
AGCAGAGTGGCGCAGC.GGA.A.GCGTGC. . . TGGGCCCATAACCCAGAGGtCGATGGATCGAAACCATCCTCTGCTA.
AGCAGAGTGGCGCAGC.GGA.A.GCGTGC. . . TGGGCCCATAACCCAGAGGtCGATGGATCGAAACCATCCTCTGCTA.
AGCAGAGTGGCGCAGC.GGA.A.GCGTGC. . . TGGGCCCATAACCCAGAGGtCGATGGATCGAAACCATCCTCTGCTA.
AGCAGAGTGGCGCAGC.GGA.A.GCGTGC. . . TGGGCCCATAACCCAGAGGtCGATGGATCGAAACCATCCTCTGCTA.
AGCAGAGTGGCGCAGC.GGA.A.GCGTGC. . . TGGGCCCATAACCCAGAGGtCGATGGATCGAAACCATCCTCTGCTA.
AGCAGAGTGGCGCAGC.GGA.A.GCGTGC. . . TGGGCCCATAACCCAGAGGtCGATGGATCGAAACCATCCTCTGCTA.
AGCAGAGTGGCGCAGC.GGA.A.GCGTGC. . . TGGGCCCATAACCCAGAGGtCGATGGATCGAAACCATCCTCTGCTA.
AGCAGAGTGGCGCAGC.GGA.A.GCGTGC. . . TGGGCCCATAACCCAGAGGtCGATGGATCGAAACCATCCTCTGCTA.
AGCAGAGTGGCGCAGC.GGA.A.GCGTGC. . . TGGGCCCATAACCCAGAGGtCGATGGATCTAAACCATCCTCTGCTA.
AGCAGAGTGGTGCAGT.GGA.A.GCATACctaTGGGCCCATAACCCAGAGGtTGATGGATGGAAACCATCCTCTGCTA.

tRNA-iMet-CAT-1-
tRNA-iMet-CAT-1-
tRNA-iMet-CAT-1-
tRNA-iMet-CAT-1-
tRNA-iMet-CAT-1-
tRNA-iMet-CAT-1-
tRNA-iMet-CAT-1-
tRNA-iMet-CAT-1-
tRNA-iMet-CAT-2-
tRNA-iMet-CAT-3-

8
7
6
5
4
3
2
1
1
1

Sc: 67.7
Sc: 67.7
Sc: 67.7
Sc: 67.7
Sc: 67.7
Sc: 67.7
Sc: 67.7
Sc: 67.7
Sc: 61.0
Sc: 36.1

TGCCCYCTCTGAGGCTCGAACTCAGGACCTTCAGATTATGAGACTGACGCGCTGCCHRCTGCGCTAAGRRGGC

tRNAMet-e

SES335>,.3553> . L iiieenn

GCCTCGTTAGCGCAGTAGGT.A.GCGCGTCAGTCTCATAATCTGAAGGtCGTGAGTTCGATCCTCACACGGGGCA. .
GCCCTCTTAGCGCAG.TGGGCA .GCGCGTCAGTCTCATAATCTGAAGGtCCTGAGTTCGAGCCTCAGAGAGGGCA. .
GCCCTCTTAGCGCAG.CGGGCA .GCGCGTCAGTCTCATAATCTGAAGGtCCTGAGTTCGAGCCTCAGAGAGGGCA. .«
GCCCTCTTAGCGCAG.CGGGCA .GCGCGTCAGTCTCATAATCTGAAGGtCCTGAGTTCGAGCCTCAGAGAGGGCA. .«
GCCCTCTTAGCGCAG.CGGGCA .GCGCGTCAGTCTCATAATCTGAAGGtCCTGAGTTCGAGCCTCAGAGAGGGCA. .«
GCCTCCTTAGCGCAGTAGGC.A.GCGCGTCAGTCTCATAATCTGAAGGtCCTGAGTTCGAACCTCAGAGGGGGCA
GCCTCCTTAGCGCAGTAGGC.A.GCGCGTCAGTCTCATAATCTGAAGGtCCTGAGTTCGAACCTCAGAGGGGGCA
GCCCTCTTAGCGCAGCTGGC.A.GCGCGTCAGTCTCATAATCTGAAGGtCCTGAGTTCAAGCCTCAGAGAGGGCA
GCCTCGTTAGCGCAGTAGGC.A.GCGCGTCAGTCTCATAATCTGAAGGtCGTGAGTTCGAGCCTCACACGGGGCA
GCCCTCTTAGTGCAGCTGGC.A.GCGCGTCAGTTTCATAATCTGAAAGtCCTGAGTTCAAGCCTCAGAGAGGGCA. .

Phelh

PSSO D 5 D P <<<<, iann P > I <KLL'

tRNA-Met-CAT-1-1 Sc
tRNA-Met-CAT-2-1 Sc
tRNA-Met-CAT-4-3 Sc
tRNA-Met-CAT-4-2 Sc
tRNA-Met-CAT-4-1 Sc
tRNA-Met-CAT-3-2 Sc
tRNA-Met-CAT-3-1 Sc
tRNA-Met-CAT-5-1 Sc
tRNA-Met-CAT-6-1 Sc
tRNA-Met-CAT-7-1 Sc

79.4
76.9
74.9
74.9
74.9
74.0
74.0
73.2
72.3
62.6

TGCYGAAACCCGGGATYGAACCAGGGACCTTTAGATCTTCAGTCTAACGCTCTCCCAACTGAGCTATTTCGGC

tRNAPheGAA

SES335>,.3553> ., Lt

PRSI D 0D 0 <K<, << i e S>53>> . .00 <LK, <L,

6
5
4
3
2
1
1
1
1
1
1
1
1

Sc: 85.2
Sc: 85.2
Sc: 85.2
Sc: 85.2
Sc: 85.2
Sc: 85.2
Sc: 84.4
Sc: 83.9
Sc: 66.5
Sc: 56.1
Sc: 55.8
Sc: 52.7
Sc: 40.3

GCCGAAATAGCTCAGTTGGG.A.GAGCGTTAGACTGAAGATCT . AAAGGt . CCCTGGTTCGATCCCGGG. . TTTCGGCA tRNA-Phe-GAA-1-
GCCGAAATAGCTCAGTTGGG.A.GAGCGTTAGACTGAAGATCT . AAAGGt . CCCTGGTTCGATCCCGGG. . TTTCGGCA tRNA-Phe-GAA-1-
GCCGAAATAGCTCAGTTGGG.A.GAGCGTTAGACTGAAGATCT . AAAGGt . CCCTGGTTCGATCCCGGG. . TTTCGGCA tRNA-Phe-GAA-1-
GCCGAAATAGCTCAGTTGGG.A.GAGCGTTAGACTGAAGATCT . AAAGGt . CCCTGGTTCGATCCCGGG. . TTTCGGCA tRNA-Phe-GAA-1-
GCCGAAATAGCTCAGTTGGG.A.GAGCGTTAGACTGAAGATCT . AAAGGt . CCCTGGTTCGATCCCGGG. . TTTCGGCA... tRNA-Phe-GAA-1-
GCCGAAATAGCTCAGTTGGG.A.GAGCGTTAGACTGAAGATCT . AAAGGt . CCCTGGTTCGATCCCGGG. . TTTCGGCA... tRNA-Phe-GAA-1-
GCCGAGATAGCTCAGTTGGG.A.GAGCGTTAGACTGAAGATCT . AAAGGt . CCCTGGTTCAATCCCGGG. . TTTCGGCA... tRNA-Phe-GAA-3-
GCCGAAATAGCTCAGTTGGG.A.GAGCGTTAGACTGAAGATCT . AAAGGt . CCCTGGTTCAATCCCGGG. . TTTCGGCA... tRNA-Phe-GAA-2-
GCCGAAATAGCTCAGTTGGG.A.GAGCGTTAGACCGAAGATCTtAAAGGt . CCCTGGTTCAATCCCGGG. . TTTCGGCA... tRNA-Phe-GAA-4-
GCCAAAATTGCTCAGTTGGG.A.GAGCGTTAGACTGAAGATCT . AAAGGt . CCCTGGTTCGATCCCGGG. .TTT...CA... tRNA-Phe-GAA-5-
GCTGAAATAGCTCAGTTGGG.A.GAGCGTTAGACTGAAGATCT . TAAAGttCCCTGGTTCAACCCTGGG. . TTTCAGCC tRNA-Phe-GAA-6-
GCCGAAATAGCTCAATTGGG.A.GAGTGTTAGACTGAAGTTCT . GCAGGt . CTCTGGTTCAATTCCGGG. . TTTCGACA tRNA-Phe-GAA-7-
GCCAAAATAGCTCAGCTGGG.A.GAGCATTAGACTGAAGATCT . AAAGGt . CTCTGGTTTGATCCTGGG. . TTT...CA... tRNA-Phe-GAA-8-
Prolh
GGGCTCGTCCGGGATTTGAACCCGGGACCTCTCGCACCCDAAGCGAGAATCATACCCCTAGACCAACGAGCC
tRNAProhGG

SE5335> 35> ittt LKL >.>3>>>, 0. <<, .une S3>>>, .. ..., <L, <L LKL,

GGCTCGTTGGTCTAGGGGT.A.
GGCTCGTTGGTCTAGGGGT.A.
GGCTCGTTGGTCTAGGGGT.A.
GGCTCGTTGGTCTAGGGGT.A.
GGCTCGTTGGTCTAGGGGT.A.
GGCTCGTTGGTCTAGGGGT.A.
GGCTCGTTGGTCTAGGGGT.A.
GGCTCGTTGGTCTAGGGGT.A.
GGCTCGTTGGTCTAGGGGT.A.
GGCTCGTTGGTCTAGGGGT.A.

TGATTC.TCGCTTAGGATGCGAGAGGtCCCGGGTTCAAATCCCGG . ACGAGCCC
TGATTC.TCGCTTAGGGTGCGAGAGGtCCCGGGTTCAAATCCCGG . ACGAGCCC

TGATTC.TCGCTTAGGGTGCGAGAGGtCCCGGGTTCAAATCCCGG . ACGAGCCC
TGATTC.TCGCTTAGGGTGCGAGAGGtCCCGGGTTCAAATCCCGG . ACGAGCCC
«TGATTC.TCGCTTAGGGTGCGAGAGGtCCCGGGTTCAAATCCCGG.ACGAGCCC
«TGATTC.TCGCTTAGGGTGCGAGAGGtCCCGGGTTCAAATCCCGG . ACGAGCCC
«TGATTC.TCGCTTAGGGTGCGAGAGGtCCCGGGTTCAAATCCCGG.ACGAGCCC
«TGATTC.TCGCTTAGGGTGCGAGAGGtCCCGGGTTCAAATCCCGG . ACGAGCCC

GGCAGTGTGGCATAGTGGTtAgaa.ATGTGC. . GCTCTGGGGCTGC. . TGAtCCCAGGCTCAAACCCTGG . CGCTGTCA

GGCTCGTTGGTCTAGGGGT.A.
GGCTCGTTGGTCTAGGGGT.A.
GGCTCGTTGGTCTAGGGGT.A.
GGCTCGTTGGTCTAGGGGT.A.

GGCTCGTTGGTCTAGTGGT.A.
GGCTCGTTGGTCTAGGGGT.A.
GGCTCGTTGGTCTAGGGGT.A.
GGCTCGTTGGTCTAGGGGT.A.
GGCTCGTTGGTCTAGGGGT.A.
GGCTCGTTGGTCTAGGGGT.A.
GGCTCGTTGGTCTAGGGGT.A.

«TGATTC.TCGCTTCGGGTGCGAGAGGtCCCGGGTTCARATCCCGG . ACGAGCCC
TGATTC.TCGCTTCGGGTGCGAGAGGtCCCGGGTTCAAATCCCGG . ACGAGCCC
«TGATTC.TCGCTTCGGGTGCGAGAGGtCCCGGGTTCAAATCCCGG . ACGAGCCC
«TGATTC.TCGCTTCGGGTGTGAGAGGtCCCGGGTTCAAATCCCGG . ACGAGCCC

«TGATTC.TCGCTTTGGGTGCGAGAGGtCCCGGGTTCARATCCCGG . ACGAGCCC
«TGATTC.TCGGTTTGGGTCCGAGAGGtCCCGGGTTCAAATCCCGG . ACGAGCCC
«TGATTC.TCGCTTTGGGTGCGAGAGGtCCCGGGTTCAAATCCCGG . ACGAGCCC
TGATTC.TCGCTTTGGGTGCGAGAGGtCCCGGGTTCAAATCCCGG . ACGAGCCC
TGATTC.TCGCTTTGGGTGCGAGAGGtCCCGGGTTCAAATCCCGG . ACGAGCCC
TGATTC.TCGCTTTGGGTGCGAGAGGtCCCGGGTTCAAATCCCGG . ACGAGCCC
«TGATTC.TCGCTTTGGGTGCGAGAGGtCCCGGGTTCAAATCCCGG . ACGAGCCC
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Seclh
TGACCACAAAGGGACTCAAACCCTCAATCTTCTGATCTGAAGTCAGACACCTTATCCATTAAGGCCACACGGTC

tRNASec

SOSSS>>, O>>> . L it i i KKK, >>>>>, 0 .... KL s ssavessnncsanse S>>, ..., <L L L L L LKL,
GACCGTGTGGCCTtAATGGAtA.AGGTGTCTGACTTCAGATCAGAAG. ¢« e v v e v enn AtTGAGGGTTTGAGTCCCTTTGTGGTCA tRNA-SeC-TCA-3-1 Sc: 48.8

Serlh
GCTGTGAGCAGGATTTGAACCTGCGCGGGGARACCCCATTGGATTTCGAGTCCAACGCCTTAACCACTCGGCCATCACAG
tRNASerCGA

SE5335> . O35> . ittt KKK >3>>>, ... <LLLL, . >>>> ..., ES S ST 00> > J <L, . <LK ...

GCTGTGATGGCCGAGT. . GGTtA.AGGCGTTGGACTCGAAATCCAAT.GGGG. . . TCTCCCCG.CGCAGGTTCGAATCCTGC. . . TCACAGCG. .. tRNA-Ser-CGA-1-1 Sc: 94.5
GCTGTGATGGCCGAGT. . GGTtA.AGGCGTTGGACTCGAAATCCAAT.GGGG. . . TCTCCCCG.CGCAGGTTCAAATCCTGC. . . TCACAGCG. .. tRNA-Ser-CGA-2-1 Sc: 93.3
GTCACGGTGGCCGAGT. . GGTtA.AGGCGTTGGACTCGAAATCCAAT .GGGG. . . TTTCCCCG.CACAGGTTCGAATCCTGT. . . TCGTGACG. tRNA-Ser-CGA-4-1 Sc: 91.5
GCTGTGATGGCCGAGT. . GGTtA.AGGTGTTGGACTCGAAATCCAATGGGGG. . . TT.CCCCG.CGCAGGTTCAAATCCTGC. . . TCACAGCG. .. tRNA-Ser-CGA-3-1

Ser2h
GTAGYCGGCAGGATTCGAACCTGCGCGGGGARACCCCAATGGATTTCSAGTCCATCGCCTTAACCACTCGGCCACGACTA
tRNASerwGA

GTAGTCGTGGCCGAGTGGTtA . AGGCGATGGACTAGAAATCCATT . GGGGTTTCCCCG.CGCAGGTTCGAATCCTGCCGACTACG
GTAGTCGTGGCCGAGTGGTtA . AGGCGATGGACTAGAAATCCATT . GGGGTCTCCCCG.CGCAGGTTCGAATCCTGCCGACTACG
GTAGTCGTGGCCGAGTGGTtA . AGGCGATGGACTAGAAATCCATT . GGGGTCTCCCCG.CGCAGGTTCGAATCCTGCCGACTACG
GTAGTCGTGGCCGAGTGGTtA . AGGCGATGGACTAGAAATCCATT .GGGGTCTCCCCG.CGCAGGTTCGAATCCTGCCGACTACG
GTAGTCGTGGCCGAGTGGTtA . AGGCGATGGACTAGAAATCCATT .GGGGTCTCCCCG.CGCAGGTTCGAATCCTGCCGACTACG
GTAGTCGTGGCCGAGTGGTtA . AGGCGATGGACTAGAAATCCATT .GGGGTCTCCCCG.CGCAGGTTCGAATCCTGCCGACTACG tRNA-Ser-AGA-2-2 Sc: 89.6
GTAGTCGTGGCCGAGTGGTtA . AGGCGATGGACTAGAAATCCATT . GGGGTCTCCCCG.CGCAGGTTCGAATCCTGCCGACTACG tRNA-Ser-AGA-2-1 Sc: 89.6
GTAGTCGTGGCCGAGTGGTtA.AGGCGATGGACTAGAAATCCATT . GGGGTTTCCCCA.CGCAGGTTCGAATCCTGCCGACTACG. . . tRNA-Ser-AGA-3-1 Sc: 87.8
GTAGTCGTGGCCGAGTGGTtA . AGGTGATGGACTAGAAACCCATT . GGGGTCTCCCCG . CGCAGGTTCGAATCCTGCCGACTACG. . . tRNA-Ser-AGA-4-1 Sc: 78.2
GTAGTCGTGGCCGAGTGGTtA . AGGCGATGGACTAGAAATCCATT . GGGGTTTCCCCA . CGCAGGTTCGAATCCTGCCGACTACG. .. DS9991_ AGA HUMAN_CY

GTAGTCGTGGCCGAGTGGTtA .AGGCGATGGACTAGAAATCCATT . GGGGTCTCCCCG . CGCAGGTTCGAATCCTGCCGACTACG. .. DS9992_ AGA HUMAN_CY

tRNA-Ser-AGA-1-1 Sc: 90.3
tRNA-Ser-AGA-2-6 Sc: 89.6
tRNA-Ser-AGA-2-5 Sc: 89.6
tRNA-Ser-AGA-2-4 Sc: 89.6
tRNA-Ser-AGA-2-3 Sc: 89.6

GTAGTCGTGGCCGAGTGGTtA .AGGCGATGGACTTGAAATCCATT .GGGGTTTCCCCG.CGCAGGTTCGAATCCTGCCGACTACG
GTAGTCGTGGCCGAGTGGTtA . AGGCGATGGACTTGAAATCCATT . GGGGTCTCCCCG.CGCAGGTTCGAATCCTGCCGACTACG
GTAGTCGTGGCCGAGTGGTtA . AGGCGATGGACTTGAAATCCATT . GGGGTTTCCCCG.CGCAGGTTCGAATCCTGTCGGCTACG tRNA-Ser-TGA-4-1 Sc: 87.9
GTAGTCGTGGCCGAGTGGTtA . AGGCGATGGACTTGAAATCCATT . GGGGTTTCCCCG.CGCAGGTTCGAATCCTGCCGACTACG DS9990_TGA_HUMAN_CY
GTAGTCGTGGCCGAGTGGTtA .AGGCGATGGACTTGAAATCCATT . GGGGTTTCCCCG . CGCAGGTTCGAATCCTGTCGGCTACG. .. DS9993_TGA_ HUMAN_CY
GTAGTCGTGGCCGAGTGGTtA.AGGCGATGGACTTGAAATCCATT . GGGGTCTCCCCG . CGCAGGTTCGAATCCTGCCGACTACGcca RS9991_TGA HUMAN_CY

tRNA-Ser-TGA-2-1 Sc: 91.4
tRNA-Ser-TGA-3-1 Sc: 90.7

Ser3h
GACGAGGRTGGGATTCGAACCCACGYGTGCAGAGCACAATGGATTAGCAGTCCATCGCCTTAACCACTCGGCCACCTCGT
tRNASerGCT

SE3335> . 353> . it i i KKK >3>>>, ... LKL, 233>, L <<K<K<KL, . .233>> ... .. <LK LKL, ..

GACGAGGTGGCCGAGTGGTtA .AGGCGATGGACTGCTAATCCATT . GTGCTCTGCACG . CGTGGGTTCGAATCCCACCCTCGTCG. .. tRNA-Ser-GCT-1-1 Sc: 90.8
GACGAGGTGGCCGAGTGGTtA .AGGCGATGGACTGCTAATCCATT . GTGCTCTGCACG . CGTGGGTTCGAATCCCACCTTCGTCG. .. tRNA-Ser-GCT-2-1 Sc: 90.1
GACGAGGTGGCCGAGTGGTtA .AGGCGATGGACTGCTAATCCATT . GTGCTTTGCACG . CGTGGGTTCGAATCCCATCCTCGTCG. .. tRNA-Ser-GCT-3-1 Sc: 88.8
GACGAGGTGGCCGAGTGGTtA .AGGCGATGGACTGCTAATCCATT . GTGCTCTGCACG . CGTGGGTTCGAATCCCATCCTCGTCG. .. tRNA-Ser-GCT-4-3 Sc: 88.1
GACGAGGTGGCCGAGTGGTtA .AGGCGATGGACTGCTAATCCATT . GTGCTCTGCACG . CGTGGGTTCGAATCCCATCCTCGTCG. .. tRNA-Ser-GCT-4-2 Sc: 88.1
GACGAGGTGGCCGAGTGGTtA .AGGCGATGGACTGCTAATCCATT . GTGCTCTGCACG . CGTGGGTTCGAATCCCATCCTCGTCG. .. tRNA-Ser-GCT-4-1 Sc: 88.1
GACGAGGTGGCCGAGTGGTtA .AGGCGATGGACTGCTAATCCATT . GTGCTCTGCACA . CGTGGGTTCGAATCCCATCCTCGTCG. .. tRNA-Ser-GCT-5-1 Sc: 85.6

GAGG .CCTGGCCGAGTGGTtA .AGGCGATGGACTGCTAATCCATT . GTGCTCTGCACG . CGTGGGTTCGAATCCCAT. . .CCTCG. .. tRNA-Ser-GCT-6-1 Sc: 62.4
Ser4h
AGGGGGCACCTGGATTTGAACCAGGGACCTCTTGATCTCTAGTCAAATTCTCTACCCCTGAGCCATACACCC
tRNASerAGA

P02 I <KL, >>>3>> L iinnn <<<<< i nne P2 > NI <KL, <KL, ..

GGGTGTATGGCTCAGGGGT .A.GAGAATTTGACTAGAGATCAAGAGGtCCCTGGTTCAAATCCAGGTGCCCCCT. .. tRNA-Ser-AGA-5-1 Sc: 53.2
tRNACysGCA (6 to 7 mismatches)

SES335>,.555> . L iii e KKK, >>>>>, L .... <<, .wne S333> . Lt iiieieen . <<LLLLL,

GGGGGCATAGCTCAG.TGGT. . AGAGCATTTGACTGCAGATCAAGAGGtCCCTGG. TTCAAAT. .
GGGGGTATAGCTCAG.TGGT. . AGAGCATTTGACTGCAGATCAAGAGGtCCCTGG. TTCAAAT. .
GGGGGTATAGCTCAG.TGGT. . AGAGCATTTGACTGCAGATCAAGAGGtCCCCGG. TTCAAAT. .
GGGGGTATAGCTCAG.TGGT. . AGAGCATTTGACTGCAGATCAAGAGGtCCCCGG. TTCAAAT. .
GGGGGTATAGCTCAG.TGGT. . AGAGCATTTGACTGCAGATCAAGAGGtCCCCGG. TTCAAAT. .
GGGGGTATAGCTCAG.TGGT. . AGAGCATTTGACTGCAGATCAAGAGGtCCCCGG. TTCAAAT. .
GGGGGTATAGCTCAG.GGGT. . AGAGCACTTGACTGCAGATCAAGAGGtCCCTGG. TTCAAAT. .
GGGGGTATAGCTCAG.TGGGt . AGAGCATTTGACTGCAGATCAAGAGGtCCCCGG. TTCAAAT. .
GGGGGTGTAGCTCAG.TGGT. . AGAGCATTTGACTGCAGATCAAGAGGtCCCTGG. TTCAAAT. .
GGGGGTATAGCTCAG.GGGT. . AGAGCATTTGACTGCAGATCAAGAGGtCCCTGG. TTCAAAT. .
GGGGGTATAGCTCAG.GGGT. . AGAGCATTTGACTGCAGATCAAGAGGtCCCTGG. TTCAAAT. .
GGGGGTATAGCTCAG.GGGT. . AGAGCATTTGACTGCAGATCAAGAGGtCCCTGG. TTCAAAT. .
GGGGGTATAGCTCAG.GGGT. . AGAGCATTTGACTGCAGATCAAGAGGtCCCTGG. TTCAAAT. .
GGGGGTATAGCTCAG.GGGT. . AGAGCATTTGACTGCAGATCAAGAGGtCCCTGG. TTCAAAT. .
GGGGGTATAGCTCAGTGGGT . . AGAGCATTTGACTGCAGATCAAGAGGtCCCCGG. TTCAAAT. .
GGGGGTATAGCTCAG.GGGT. . AGAGCATTTGACTGCAGATCAAGAGGtCCCCGG. TTCAAAT. .
GGGGGTATAGCTTAG.CGGT. . AGAGCATTTGACTGCAGATCAAGAGGtCCCCGG. TTCAAAT. .
GGGGGTATAGCTCAG.GGGT. . AGAGCATTTGACTGCAGATCAAGAGGtCCCCAG. TTCAAAT. .
GGGGGTATAGCTCAG.GGGT. . AGAGCATTTGACTGCAGATCAAGAAGtCCCCGG. TTCAAAT. .
GGGGGTATAGCTTAG.GGGT. . AGAGCATTTGACTGCAGATCAAAAGGtCCCTGG. TTCAAAT. .
GGGGGTATAGCTCAG.GGGT. . AGAGCATTTGACTGCAGATCAAGAGGtCTCTGG. TTCAAAT. .
GGGGGTATAGTTCAG.GGGT. . AGAGCATTTGACTGCAGATCAAGAGGtCCCTGG. TTCAAAT. .
GGGGGTATAGCTCAG.GGGT. . AGAGCACTTGACTGCAGATCAAGAAGtCCTTGG. TTCAAAT. .

. .TGCCCCCT tRNA-Cys-GCA-1-1 Sc: 80.2
. .TGCCCCCT tRNA-Cys-GCA-4-1 Sc: 78.9
. .TGCCCCCT tRNA-Cys-GCA-2-4 Sc: 78.2
. .TGCCCCCT tRNA-Cys-GCA-2-3 Sc: 78.2
. .TGCCCCCT tRNA-Cys-GCA-2-2 Sc: 78.2
. .TGCCCCCT tRNA-Cys-GCA-2-1 Sc: 78.2
. .TGCCCCCT tRNA-Cys-GCA-3-1 Sc: 77.5
. .TGCCCCCT tRNA-Cys-GCA-5-1 Sc: 75.2
. .TGCCCCCT tRNA-Cys-GCA-6-1 Sc: 75.0
. .TGCCCCCT tRNA-Cys-GCA-9-4 Sc: 74.9
. .TGCCCCCT tRNA-Cys-GCA-9-3 Sc: 74.9
. .TGCCCCCT tRNA-Cys-GCA-9-2 Sc: 74.9
. .TGCCCCCT tRNA-Cys-GCA-9-1 Sc: 74.9
. .TGCCCCCC tRNA-Cys-GCA-10-1 Sc: 74.6
. .TGCCCCCT tRNA-Cys-GCA-7-1 Sc: 74.2
. .TGCCCCCT tRNA-Cys-GCA-8-1 Sc: 74.0
. .TGCCCCCT tRNA-Cys-GCA-11-1 Sc: 73.
. .TGCCCCCT tRNA-Cys-GCA-13-1 Sc: 71.0
. .TGCCCCCT tRNA-Cys-GCA-14-1 Sc: 70.7
. .TGCCCCTT tRNA-Cys-GCA-12-1 Sc: 70.6
. .TGCCCCCT tRNA-Cys-GCA-15-1 Sc: 70.0
. .TGCCCCCT tRNA-Cys-GCA-18-1 Sc: 69.7
. .TGCCCCCT tRNA-Cys-GCA-16-1 Sc: 69.2

Thrlh
AGGCCCCRCTGGGAKTCGAACCCAGGATCTCCTGTTTACKAGACAGGCGCTTTAACCARCTAAGCCAYRGNGCC
tRNAThrmGT

GGCGCCGTGGCTTAGTTGGTtA . AAGCGCCTGTCTAGTAAACA.GGAGALCCTGGG. . TTCGAAT. . .CCCAG.CGGTGCCT tRNA-Thr-AGT-1-3 Sc: 80.0
GGCGCCGTGGCTTAGTTGGTtA . AAGCGCCTGTCTAGTAAACA.GGAGALCCTGGG. . TTCGAAT. . .CCCAG.CGGTGCCT tRNA-Thr-AGT-1-2 Sc: 80.0

CCCAG.CGGTGCCT tRNA-Thr-AGT-1-1 Sc: 80.0
GGCCCTGTGGCTTAGCTGGTCA . AAGCGCCTGTCTAGTAAACA . GGAGALCCTGGG. . TTCGAAT CCCAG.CGGGGCCT tRNA-Thr-AGT-6-1 Sc: 79.0
GGCTCCGTGGCTTAGCTGGTtA . AAGCGCCTGTCTAGTAAACA.GGAGALCCTGGG. . TTCGAAT. . .CCCAG.CGGGGCCT tRNA-Thr-AGT-2-2 Sc: 78.4
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GGCTCCGTGGCTTAGCTGGTtA . AAGCGCCTGTCTAGTAAACA.GGAGALCCTGGG. . TTCGAAT. . .CCCAG.CGGGGCCT tRNA-Thr-AGT-2-1 Sc: 78.4
GGCGCCGTGGCTTAGCTGGTtA . AAGCGCCTGTCTAGTAAACA . GGAGALCCTGGG. . TTCGAAT CCCAG.CGGTGCCT tRNA-Thr-AGT-5-1 Sc: 78.0
GGCTCCGTAGCTTAGTTGGTtA.AAGCGCCTGTCTAGTAAACA.GGAGALCCTGGG. . TTCGACT. . .CCCAG.CGGGGCCT tRNA-Thr-AGT-3-1 Sc: 77.3
GGCTTCGTGGCTTAGCTGGTtA . AAGCGCCTGTCTAGTAAACA.GGAGALCCTGGG. . TTCGAAT. . .CCCAG.CGAGGCCT tRNA-Thr-AGT-4-1 Sc: 76.5
AGCACCATGGCTTAGCTGGTtA .AAGCACCTGTCTAGTAAACA .GGAGALCCTGAGt . TTCAATT. . . .CCAA.TGGTGCCT tRNA-Thr-AGT-7-1 Sc: 31.9
GGCTCTATGGCTTAGTTGGTtA.AAGCGCCTGTCTCGTAAACA.GGAGALCCTGGG. . TTCGACT. . .CCCAG.TGGGGCCT tRNA-Thr-CGT-1-1 Sc: 76.7
GGCTCTGTGGCTTAGTTGGCtA .AAGCGCCTGTCTCGTAAACA.GGAGALCCTGGG. . TTCGAAT CCCAG.CGGGGCCT tRNA-Thr-CGT-3-1 Sc: 75.5
GGCAGAGTGGTGCAG.CGGA.A.GCGTGCTGGGCCCGTAACCC.AGAGGtCAATGG. . ATCGAAG. . .CCATC.CTTGGCTA tRNA-Thr-CGT-6-1 Sc: 35.7

Thr2h
AGGCCCCAGCGAGATTYGAACTCGCGACCCCTGGTTTACAAGACCAGTGCTCTAACCMCTGAGCTATGGAGCC
tRNAThrTGT-1

SS>>>>> . >>>> . ... <KL >>>>> ... ..., <<<.<<..... SE>>> . i << <LK,

GGCTCTATGGCTTAGTTGGTtA.AAGCGCCTGTCTTGTA.AACA.GGAGALCCTGGG. . TTCGAAT. . .CCCAG.TAGAGCCT tRNA-Thr-TGT-1-1 Sc: 80.6
GGCTCCATAGCTCAG.TGGTtA.GAGCACTGGTCTTGTA.AACC.AGGGGtCGCGAG. . TTCGATC. . .CTCGC.TGGGGCCT tRNA-Thr-TGT-2-1 Sc: 79.9
GGCTCCATAGCTCAG.GGGTtA.GAGCGCTGGTCTTGTA.AACC.AGGGGtCGCGAG. . TTCAATT. . .CTCGC.TGGGGCCT tRNA-Thr-TGT-3-1 Sc: 78.1
GGCCCTATAGCTCAG.GGGTtA.GAGCACTGGTCTTGTA.AACC.AGGGGtCGCGAG. . TTCAAAT. . .CTCGC.TGGGGCCT tRNA-Thr-TGT-5-1 Sc: 76.6
GGCTCCATAGCTCAG.GGGTtA.GAGCACTGGTCTTGTA.AACC.AGGGGtCGCGAG. . TTCAAAT. . .CTCGC.TGGGGCCT tRNA-Thr-TGT-4-1 Sc: 76.0
GGCTCCATAGCTCAG.GGGTtA.GAGCACTGGTCTTGTA.AACC.AGG.GtCGCGAG. . TTCAAAT. . .CTCGC.TGGGGCCT tRNA-Thr-TGT-6-1 Sc: 73.5

Thr3h

AGGCCCTGGTGAGATTTGAACTCACGACCCCTAGGTTTACGAGACCAGCGCTCCAACCGCTGAGCTACAGGGCC

tRNAThrCGT-1

SSS>>>>, >>>> ... ....... <KL >>>>> << <LK,
GGCCCTGTAGCTCAG.CGGTtG.GAGCGCTGGTCTCGTAAACCtAGGGGLCGTGAG. . TTCAAAT. . .CTCAC.CAGGGCCT tRNA-Thr-CGT-5-1 Sc:

Thr4h

57.1

TGCTGCTCACAGGACTCGAACCTGCATTTCCATCCTTACAAGGGATGTGTAATAGCCAATTATACGAAAGCAGC

tRNAThrTGT-2

SOS>S>> . O>>> . L., <<,
GCTGCTTTCGTATAATT-GGCT-ATTACACATCCCTTGTAAGGATGGAAATGCAGGTTCGAGTCCTGTGAGCAGC

Thr5h
AGGCACGGACGGGGTTCGAACCCGYGATCTTCGGTTTACGAGACCGACGCCTTACCACTTGGCCACCGCGCC
tRNAThrCGT-2

SE5335> . 353> ittt KKK, >33>> L <K<K, << hnnn S333> . Lt iieieen <L, <L,
GGCGCGGTGGCCAAG.TGGT.A.AGGCGTCGGTCTCGTAAACC . GAAGALCACGGG. . TTCGAAC. . .CCCGT.CCGTGCCT tRNA-Thr-CGT-2-1 Sc: 79.3
GGCGCGGTGGCCAAG.TGGT.A.AGGCGTCGGTCTCGTAAACC . GAAGALCGCGGG. . TTCGAAC. . .CCCGT.CCGTGCCT tRNA-Thr-CGT-4-1 Sc: 78.5
Thré6h
TAGCAGAGGATGGTTTCGATCCATCGACCTCTGGGTTATGGGCCCAGCACGCTTCCGCTGCGCCACTCTGCT
ThrCGT

SOOS>S>> . 555> . ... <LK >>>>> ... ... <K<K ... S>>, .. ..., <L L L L L LKL,
GGCAGAGTGGTGCAGC.GGA.A.GCGTGCTGGGCCCGTAACCCAGAGGtCAATGGATCGAAGCCATCCTTGGCTA tRNA-Thr-CGT-6-1 Sc: 35.7
tRNAMet-1

SOS555>, O>>> L i i e ECCC G I D <<<<., e P <LK LLLLLL<L L.
AGCAGAGTGGCGCAGC.GGA.A.GCGTGC. . . TGGGCCCATAACCCAGAGGtCGATGGATCGAAACCATCCTCTGCTA. .. tRNA-iMet-CAT-1-8 Sc: 67.7
AGCAGAGTGGCGCAGC.GGA.A.GCGTGC. . . TGGGCCCATAACCCAGAGGtCGATGGATCGAAACCATCCTCTGCTA. .. tRNA-iMet-CAT-1-7 Sc: 67.7
AGCAGAGTGGCGCAGC.GGA.A.GCGTGC. . . TGGGCCCATAACCCAGAGGtCGATGGATCGAAACCATCCTCTGCTA. .. tRNA-iMet-CAT-1-6 Sc: 67.7
AGCAGAGTGGCGCAGC.GGA.A.GCGTGC. . . TGGGCCCATAACCCAGAGGtCGATGGATCGAAACCATCCTCTGCTA. .. tRNA-iMet-CAT-1-5 Sc: 67.7
AGCAGAGTGGCGCAGC.GGA.A.GCGTGC. . . TGGGCCCATAACCCAGAGGtCGATGGATCGAAACCATCCTCTGCTA. .. tRNA-iMet-CAT-1-4 Sc: 67.7
AGCAGAGTGGCGCAGC.GGA.A.GCGTGC. . . TGGGCCCATAACCCAGAGGtCGATGGATCGAAACCATCCTCTGCTA. .. tRNA-iMet-CAT-1-3 Sc: 67.7
AGCAGAGTGGCGCAGC.GGA.A.GCGTGC. . . TGGGCCCATAACCCAGAGGtCGATGGATCGAAACCATCCTCTGCTA. .. tRNA-iMet-CAT-1-2 Sc: 67.7
AGCAGAGTGGCGCAGC.GGA.A.GCGTGC. . . TGGGCCCATAACCCAGAGGtCGATGGATCGAAACCATCCTCTGCTA. .. tRNA-iMet-CAT-1-1 Sc: 67.7
GCCCTCTTAGTGCAGCTGGC.A.GCGCGT. . .CAGTTTCATAATCTGAAAGtCCTGAGTTCAAGCCTCAGAGAGGGCA. .. tRNA-Met-CAT-7-1 Sc: 62.6
AGCAGAGTGGCGCAGC.GGA.A.GCGTGC. . . TGGGCCCATAACCCAGAGGtCGATGGATCTAAACCATCCTCTGCTA. .. tRNA-iMet-CAT-2-1 Sc: 61.0
AGCAGAGTGGTGCAGT.GGA.A.GCATACCctaTGGGCCCATAACCCAGAGGtTGATGGATGGAAACCATCCTCTGCTA. .. tRNA-iMet-CAT-3-1 Sc: 36.1
AGCAGAGTGGCGCAGC.GGA.A.GCGTGC. . . TGGGCCCATAACCCAGAGGtCGATGGATCGAAACCATCCTCTGCTA. .. DM9990_CAT HUMAN_CY
AGCAGAGTGGCGCAGC.GGA.A.GCGTGC. . . TGGGCCCATAACCCAGAGGtCGATGGATCGAAACCATCCTCTGCTA. .. DX9990_CAT HUMAN_CY
AGCAGAGTGGCGCAGC.GGA.A.GCGTGC. . . TGGGCCCATAACCCAGAGGtCGATGGATCTAAACCATCCTCTGCTA. .. DX9991 CAT HUMAN_CY
Tyrlh
AGGGAGAACCTGGATTTGAACCAGGGACCTCTTGCTCTACAGTCAAAAAGCTCTAGCCCTGAGCTATACCCCC
tRNATYrGTA

SES>>.>..55>> . ..., LKLKLL.>>>> e <<<<..... S>>, i <L, L . <L <LK,

GGGGGTATAGCTCAG. . GGCtAGAGCTtTTTGACTGTAGAGCAAGAGGtCCCTGGTTCAAAT. . . .CCAGG. . .TTCTCCCT tRNA-Tyr-GTA-10-1 Sc: 49.8
tRNACysGCA

S>> .>>,.>>>> .. ..... . <KLKLL DEE>> PSS S GRS TS N
GGGGGCATAGCTCAG.TGGT. . AGAGCATTTGACTGCAGATCAAGAGGtCCCTGG. TTCAAAT. . . .CCAGG. . .TGCCCCCT tRNA-Cys-GCA-1-1 Sc: 80.2
GGGGGTATAGCTCAG.TGGT. . AGAGCATTTGACTGCAGATCAAGAGGtCCCTGG. TTCAAAT. . . .CCGGG. . .TGCCCCCT tRNA-Cys-GCA-4-1 Sc: 78.9
GGGGGTATAGCTCAG.TGGT. . AGAGCATTTGACTGCAGATCAAGAGGtCCCCGG. TTCAAAT. . . .CCGGG. . .TGCCCCCT tRNA-Cys-GCA-2-4 Sc: 78.2
GGGGGTATAGCTCAG.TGGT. . AGAGCATTTGACTGCAGATCAAGAGGtCCCCGG. TTCAAAT. . . .CCGGG. . .TGCCCCCT tRNA-Cys-GCA-2-3 Sc: 78.2
GGGGGTATAGCTCAG.TGGT. . AGAGCATTTGACTGCAGATCAAGAGGtLCCCCGG. TTCAAAT. . . .CCGGG. . .TGCCCCCT tRNA-Cys-GCA-2-2 Sc: 78.2
GGGGGTATAGCTCAG.TGGT. . AGAGCATTTGACTGCAGATCAAGAGGtCCCCGG. TTCAAAT. . . .CCGGG. . .TGCCCCCT tRNA-Cys-GCA-2-1 Sc: 78.2
GGGGGTATAGCTCAG.GGGT. . AGAGCACTTGACTGCAGATCAAGAGGtCCCTGG. TTCAAAT. . . .CCAGG. . .TGCCCCCT tRNA-Cys-GCA-3-1 Sc: 77.5
GGGGGTATAGCTCAG.TGGGt . AGAGCATTTGACTGCAGATCAAGAGGECCCCGG. TTCAAAT. . . .CCGGG. . .TGCCCCCT tRNA-Cys-GCA-5-1 Sc: 75.2
GGGGGTGTAGCTCAG.TGGT. . AGAGCATTTGACTGCAGATCAAGAGGtCCCTGG. TTCAAAT. . . .CCAGG. . .TGCCCCCT tRNA-Cys-GCA-6-1 Sc: 75.0
GGGGGTATAGCTCAG.GGGT . . AGAGCATTTGACTGCAGATCAAGAGGtCCCTGG. TTCAAAT. . . .CCAGG. . .TGCCCCCT tRNA-Cys-GCA-9-4 Sc: 74.9
GGGGGTATAGCTCAG.GGGT. . AGAGCATTTGACTGCAGATCAAGAGGtCCCTGG. TTCAAAT. . . .CCAGG. . .TGCCCCCT tRNA-Cys-GCA-9-3 Sc: 74.9
GGGGGTATAGCTCAG.GGGT . . AGAGCATTTGACTGCAGATCAAGAGGtCCCTGG. TTCAAAT. . . .CCAGG. . .TGCCCCCT tRNA-Cys-GCA-9-2 Sc: 74.9
GGGGGTATAGCTCAG.GGGT . . AGAGCATTTGACTGCAGATCAAGAGGtCCCTGG. TTCAAAT. . . .CCAGG. . .TGCCCCCT tRNA-Cys-GCA-9-1 Sc: 74.9
GGGGGTATAGCTCAG.GGGT. . AGAGCATTTGACTGCAGATCAAGAGGtLCCCTGG. TTCAAAT. . . .CCAGG. . .TGCCCCCC tRNA-Cys-GCA-10-1 Sc: 74.6
GGGGGTATAGCTCAGGTGGT . . AGAGCATTTGACTGCAGATCAAGAGGECCCCGG. TTCAAAT. . . .CCGGG. . .TGCCCCCT tRNA-Cys-GCA-7-1 Sc: 74.2
GGGGGTATAGCTCAG.GGGT . . AGAGCATTTGACTGCAGATCAAGAGGtCCCCGG. TTCAAAT. . . .CCGGG. . .TGCCCCCT tRNA-Cys-GCA-8-1 Sc: 74.0
GGGGGTATAGCTTAG.CGGT. . AGAGCATTTGACTGCAGATCAAGAGGtCCCCGG. TTCAAAT. . . .CCGGG. . .TGCCCCCT tRNA-Cys-GCA-11-1 Sc: 73.
GGGGGTATAGCTCAG.GGGT. . AGAGCATTTGACTGCAGATCAAGAGGtCCCCAG. TTCAAAT. .. .CTGGG. . . TGCCCCCT tRNA-Cys-GCA-13-1 Sc: 71.0
GGGGGTATAGCTCAG.GGGT. . AGAGCATTTGACTGCAGATCAAGAAGtLCCCCGG. TTCAAAT. . . .CCGGG. . .TGCCCCCT tRNA-Cys-GCA-14-1 Sc: 70.7
GGGGGTATAGCTTAG.GGGT. . AGAGCATTTGACTGCAGATCAAAAGGELCCCTGG. TTCAAAT. . . .CCAGG. . . TGCCCCTT tRNA-Cys-GCA-12-1 Sc: 70.6
GGGGGTATAGCTCAG.GGGT. . AGAGCATTTGACTGCAGATCAAGAGGtCTCTGG . TTCAAAT. . . .CCAGG. . . TGCCCCCT tRNA-Cys-GCA-15-1 Sc: 70.0
GGGGGTATAGTTCAG.GGGT. . AGAGCATTTGACTGCAGATCAAGAGGtCCCTGG. TTCAAAT. . . .CCAGG. . .TGCCCCCT tRNA-Cys-GCA-18-1 69.7
GGGGGTATAGCTCAG.GGGT. . AGAGCACTTGACTGCAGATCAAGAAGtLCCTTGG . TTCAAAT. . . .CCAGG. . .TGCCCCCT tRNA-Cys-GCA-16-1 Sc: 69.2

7
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GGGGGTATAGCTCAG.GGGT. . AGAGCATTTGACTGCAAATCAAGAGGtCCCTGA. TTCAAAT. . . .CCAGG. . .TGCCCCCT tRNA-Cys-GCA-19-1 Sc:
.CTGGG. ..TGCCCCCT tRNA-Cys-GCA-21-1 S
GGGGGTATAGCTCAC.AGGT. . AGAGCATTTGACTGCAGATCAAGAGGtCCCCGG. TTCAAAT. . . .CCGGT. . .TACTCCCT tRNA-Cys-GCA-23-1 Sc:

GGGGGTATAGCTCAC.AGGT. . AGAGCATTTGACTGCAGATCAAGAGGtCCCCGG. TTCAAAT. .

63
57
51

.5
.4
.4

Tyr2h
TCCTTCGAGCCGGASTCGAACCAGCGACCTAAGGATCTACAGTCCTCCGCTCTACCARCTGAGCTATCGAAGG
tRNATYyrGTA

CCTTCGATAGCTCAGTTGGTAGAGCG . GAGGACTGTAGATCCTTAGGtCGCTGGTTCGATTCCGGCTCGAAGGA .
CCTTCGATAGCTCAGTTGGTAGAGCG . GAGGACTGTAGATCCTTAGGtCGCTGGTTCGAATCCGGCTCGAAGGA .
CCTTCGATAGCTCAGTTGGTAGAGCG . GAGGACTGTAGATCCTTAGGtCGCTGGTTCGAATCCGGCTCGGAGGA .
CCTTCGATAGCTCAGCTGGTAGAGCG . GAGGACTGTAGATCCTTAGGtCGCTGGTTCGATTCCGGCTCGAAGGA .
CCTTCGATAGCTCAGCTGGTAGAGCG . GAGGACTGTAGATCCTTAGGtCGCTGGTTCGATTCCGGCTCGAAGGA .
CCTTCGATAGCTCAGCTGGTAGAGCG . GAGGACTGTAGATCCTTAGGtCGCTGGTTCGATTCCAGCTCGAAGGA.
CCTTCGATAGCTCAGCTGGTAGAGCG . GAGGACTGTAGATCCTTAGGtCGCTGGTTCGATTCCGGCTCGAAGGA .
CCTTCGATAGCTCAGCTGGTAGAGCG . GAGGACTGTAGATCCTTAGGtCGCTGGTTCGATTCCGGCTCGAAGGA .
CCTTCGATAGCTCAGCTGGTAGAGCG . GAGGACTGTAGATCCTTAGGtCGCTGGTTCGATTCCGGCTCGAAGGA .
CCTTCGATAGCTCAGCTGGTAGAGCG . GAGGACTGTAGATCCTTAGGtCGCTGGTTCGAATCCGGCTCGGAGGA .
CCTTCGATAGCTCAGCTGGTAGAGCG . GAGGACTGTAGATCCTTAGGtCGCTGGTTCAATTCCGGCTCGAAGGA .
CTTTCGATAGCTCAGTTGGTAGAGCG . GAGGACTGTAGATCCTTAGGtCGCTGGTTCGAATCCGGCTCGAAGGA .

Vallh

tRNA-Tyr-GTA-2-
tRNA-Tyr-GTA-1-
tRNA-Tyr-GTA-3-
tRNA-Tyr-GTA-5-
tRNA-Tyr-GTA-5-
tRNA-Tyr-GTA-4-
tRNA-Tyr-GTA-5-
tRNA-Tyr-GTA-5-
tRNA-Tyr-GTA-5-
tRNA-Tyr-GTA-6-
tRNA-Tyr-GTA-7-
tRNA-Tyr-GTA-8-

1
1
1
5
2
1
1
3
4
1
1
1

Sc:
Sc:
Sc:
Sc:
Sc:
Sc:
Sc:
Sc:
Sc:
Sc:
Sc:
Sc:

8l.6
81.5
80.5
79.6
79.6
79.5
79.4
79.3
79.3
78.5
78.1
75.2

TGTTTCYGCCYGGTTTCGAACCRGGGACCTTTCGCGTGTKAGGCGAACGTGATAACCACTACACTACRGAAAC

tRNAValmAC

SSS>>>>. . >>> . ... ..., <KL >>>>> <<, . .
GTTTCCGTAGTGTAGTGGTtATCACGTTCGCCTAACACGCGAAAGGtCCCCGGTTCGAAACCGGGCGGAAACA.
GTTTCCGTAGTGTAGTGGTtATCACGTTCGCCTAACACGCGAAAGGtCCCCGGTTCGAAACCGGGCGGAAACA.
GTTTCCGTAGTGTAGTGGTtATCACGTTCGCCTAACACGCGAAAGGtCCCCGGTTCGAAACCGGGCGGAAACA. .«
GTTTCCGTAGTGTAGTGGTtATCACGTTCGCCTAACACGCGAAAGGtCCCCGGTTCGAAACCGGGCGGAAACA.
GTTTCCGTAGTGTAGTGGTtATCACGTTCGCCTAACACGCGAAAGGtCCCCGGTTCGAAACCGGGCGGAAACA.
GTTTCCGTAGTGTAGTGGTCATCACGTTCGCCTAACACGCGAAAGGtCCCCGGTTCGAAACCGGGCGGAAACA.
GTTTCCGTAGTGTAGTGGTtATCACGTTCGCCTAACACGCGAAAGGtCCCTGGATCAAAACCAGGCGGAAACA.
GTTTCCGTAGTGTAGTGGTtATCACGTTCGCCTAACACGCGAAAGGtCCGCGGTTCGAAACCGGGCGGAAACA. .«
GTTTCCGTAGTGTAGTGGTtATCACGTTTGCCTAACACGCGAAAGGtCCCCGGTTCGAAACCGGGCAGAAACA.
GTTTCCATAGTGTACTGGTtATCACATTCACCTAACACGCGAAAGGtCCTTGGTTTGAAACCAGGCAGAAACA.
GTTTCCATAGCGTAGTAATtATCAAGTTTGCCTAACACGCGAAATGtCCCCGGTTCAAAACCGGGCGGAAACA.
GTTTCCGTAGTGTAGTGGTtATCACGTTCGCCTAACACGCGAAAGGtCCCCGGTTCGAAACCGGGCGGAAACA.
GTTTCCGTAGTGTAGTGGTCATCACGTTCGCCTAACACGCGAAAGGtCCCCGGTTCGAAACCGGGCGGAAACA. .«
GTTTCCGTAGTGTAGTGGTtATCACGTTCGCCTAACACGCGAAAGGtCCCTGGATCAAAACCAGGCGGAAACA.
GTTTCCGTAGTGTAGTGGTtATCACGTTCGCCTAACACGCGAAAGGtCCCCGGTTCGAAACCGGGCGGAAACA. .«

GTTTCCGTAGTGTAGTGGTtATCACGTTCGCCTCACACGCGAAAGGtCCCCGGTTCGAAACCGGGCGGAAACA.
GTTTCCGTAGTGTAGTGGTtATCACGTTCGCCTCACACGCGAAAGGtCCCCGGTTCGAAACCGGGCGGAAACA. .«
GTTTCCGTAGTGTAGTGGTtATCACGTTCGCCTCACACGCGAAAGGtCCCCGGTTCGAAACCGGGCGGAAACA.
GTTTCCGTAGTGTAGTGGTtATCACGTTCGCCTCACACGCGAAAGGtCCCCGGTTCGAAACCGGGCGGAAACA.
GTTTCCGTAGTGTAGTGGTtATCACGTTCGCCTCACACGCGAAAGGtCCCCGGTTCGAAACCGGGCGGAAACA.
GTTTCCGTAGTGTAGTGGTtATCACGTTCGCCTCACACGCGAAAGGtCCCCGGTTCGAAACCGGGCGGAAACA.
GCTTCTGTAGTGTAGTGGTtATCACGTTCGCCTCACACGCGAAAGGtCCCCGGTTCGAAACCGGGCAGAAGCA. .«
GTTTCCGTAGTGTAGCGGTtATCACATTCGCCTCACACGCGAAAGGtCCCCGGTTCGATCCCGGGCGGAAACA.
GTTTCCGTAGTGTAGTGGTtATCACGTTCGCCTCACACGCGAAAGGtCCCCGGTTCGAAACTGGGCGGAAACA.
GTTTCCGTAGTGTAGTGGTtATCACGTTCGCCTCACACGCGAAAGGtCCCCGGTTCGAAACCGGGCGGAAACA.
GTTTCCGTAGTGGAGTGGTtATCACGTTCGCCTCACACGCGAAAGGtCCCCGGTTTGAAACCAGGCGGAAACA.
GTTTCCGTAGTGTAGTGGTtATTATGTTCGCCTCACACGCGAAAAGtCCCCGGTTCGAAATCAGGCGGGAACA. .«
GTTTCTGTAGTATGGTGGTtATCACGTTAGTCTCACACGTGAAAGGtCCCTGGTTCGAAACCAGGTGGAAACA.
GTTTCTGTGGTGTAGTGGTtATCATGTTCGCCTCACACGAGAAAAGtCCCTGATTCGAGACTGGGTGGGAACG.
GTTTCTGTGGTGTAGTGGTtATTATGTTCGCTTCACATATGAAAGGtCTCTGGTTCGAGACTGCGTGGGAACA.
GTTTCTGTGGTGTAGTGGTtATTATGTTCGCTTCACATATGAAAGGtCTCTGGTTCGAGACTGCGTGGGAACA. .

Val3h

tRNA-Val-AAC-1-
tRNA-Val-AAC-1-
tRNA-Val-AAC-1-
tRNA-Val-AAC-1-
tRNA-Val-AAC-1-1
tRNA-Val-AAC-2-1
tRNA-Val-AAC-3-1
tRNA-Val-AAC-4-1
tRNA-Val-AAC-5-1
tRNA-Val-AAC-7-1

5
4
3
2

tRNA-Val-AAC-chr6-84

Sc:
Sc:
Sc:
Sc:
Sc:
Sc:
Sc:
Sc:
Sc:
Sc:

DV9990_AAC_HUMAN_CY
DV9992_AAC_HUMAN_CY
DV9993_AAC_HUMAN_CY
DV9996_AAC_HUMAN_CY

tRNA-Val-CAC-1-
tRNA-Val-CAC-1-
tRNA-Val-CAC-1-
tRNA-Val-CAC-1-
tRNA-Val-CAC-1-
tRNA-Val-CAC-1-
tRNA-Val-CAC-2-
tRNA-Val-CAC-3-1
tRNA-Val-CAC-4-1
tRNA-Val-CAC-5-1
tRNA-Val-CAC-6-1
tRNA-Val-CAC-7-1
tRNA-Val-CAC-9-1

6
5
4
3
2
1
1

Sc:
Sc:
Sc:
Sc:
Sc:
Sc:
Sc:
Sc:
Sc:
Sc:
Sc:
Sc:
Sc:

tRNA-Val-CAC-10-1 Sc:
tRNA-Val-CAC-11-2 Sc:
tRNA-Val-CAC-11-1 Sc:

77.9
77.9
77.9
77.9
77.9
77.9
73.9
66.4
62.7
35.0

Sc: 2

78.8
78.8
78.8
78.8
78.8
78.8
78.7
76.4
72.9
65.2
61.8
50.7
47.1
34.1
22.6
22.6

4.6

TGGAAGTGCTGGGGATCGAACCCAGAGCCTCATGAATGTTAAGCATACGCTCTACCACTGAGCTACACCCCC

tRNAAlaTTG

PO I S RS S S e o2 N S S S S G Lo

tRNAValAAC

Val4h

<< <. <<, ...
GGGGGTGTAGCTCAGT.GGT.A. .GAGCGCATGCTTTGCATGTATGAGGtCCCGGG . TTCGATC . CCCGGCACCTCCA.
GGGGATGTAGCTCAGT.GGT.A. .GAGCGCATGCTTTGCATGTATGAGGtCCCGGG . TTCGATC . CCCGGCATCTCCA.
GGGGATGTAGCTCAGT.GGT.A. .GAGCGCATGCTTTGCATGTATGAGGCCCCGGG . TTCGATC . CCCGGCATCTCCA.
GGGGATGTAGCTCAGT.GGT.A. .GAGCGCATGCTTTGCATGTATGAGGCCCCGGG . TTCGATC . CCCGGCATCTCCA.
GGGGATGTAGCTCAGT.GGT.A. .GAGCGCATGCTTTGCACGTATGAGGCCCCGGG . TTCAATC . CCCGGCATCTCCA.
GGGGGTGTAGCTCAGT.GGT.A. .GAGCGCATGCTTTGCATGTATGAGGCCTCGGG . TTCGATC . CCCGACACCTCCA.
GGGGGTGTAGCTCAGT.GGT.A. .GAGCACATGCTTTGCATGTGTGAGGCCCCGGG . TTCGATC . CCCGGCACCTCCA.
GGGGGTGTAGCTCAGT.GGT.A. .GAGCGCATGCTTTGCATGTATGAGG.CCTCGG. TTCGATC.CCCGACACCTCCA. .
GGGGGTGTAGCTCAGT.GGT.A. .GAGCGGATGCTTTGCATGTATGAGACTTTGGG . TTGGATC.CCCAGCACCTCCA. .
GTGGATGTAGTTTAGT.GGT.A. .GAACGCGCGCTTTGCATGTATGAGGtCCCGGT . TTCGATC.CCTGGCGTTTCCA. .

tRNA-Ala-TGC-1-
tRNA-Ala-TGC-2-
tRNA-Ala-TGC-3-
tRNA-Ala-TGC-3-
tRNA-Ala-TGC-4-
tRNA-Ala-TGC-5-
tRNA-Ala-TGC-6-
tRNA-Ala-TGC-7-
tRNA-Ala-TGC-8-
tRNA-Ala-TGC-9-

1
1
2
1
1
1
1
1
1
1

Sc:
Sc:
Sc:
Sc:
Sc:
Sc:
Sc:
Sc:
Sc:
Sc:

77.3
75.8
75.8
75.8
74.7
73.6
68.3
57.0
47.6
27.3

tRNA-Val-AAC-6-1 Sc:

69.9

TGGTTCCACTGGGGCTCGAACCCAGGACCTTCTGCGTGTAAAGCAGACGTGATAACCACTACACTATGGAACC

tRNAValTAC

S555>>>, >3] <KL >55>>

GGTTCCATAGTGTAG. .CGGTtA
GGTTCCATAGTGTAG. .TGGTtA
GTTTCCGTGGTGTAG. . TGGTtA
GGTTCCATAGTGTAA. .CAGTtA

<LK, <LK, ...
GGTTCCATAGTGTAG. . TGGTtA. . TCACGTCTGCTTTACACGCA .GAAGGtCCTGGGTTCGAGCCCCAG. TGGAACCA. ..
GGTTCCATAGTGTAG. . TGGTtA. . TCACGTCTGCTTTACACGCA .GAAGGtCCTGGGTTCGAGCCCCAG. TGGAACCA. ..
TCACGTCTGCTTTACACGCA.GAAGGtCCTGGGTTCGAGCCCCAG. TGGAACCA
TCACATCTGCTTTACACGCA .GAAGGtCCTGGGTTCAAGCCCCAG. TGGAACCA
TCACATTCGCCTTACACGCG.AAAGGtCCTCGGGTCGAAACCGAG.CGGARACA
TCATGTCTGCTTTACACACT .GAAGGtCCTGGGTTCAAACTCCAG. TGGAACCA
GTTAAGACGGCAGAGCCCcGGCaA. . TTGCGTAAAATTTACAACTT . TATGGgCAGAGGTTCAATTCCTCT . TCTTAACA. ..

tRNA-Val-TAC-1-2
tRNA-Val-TAC-1-1
tRNA-Val-TAC-2-1
tRNA-Val-TAC-3-1
tRNA-Val-TAC-4-1
tRNA-Val-TAC-chr2-6 Sc:
nmt-tRNA-Val-TAC-1-1 Sc:

Sc:
Sc:
Sc:
Sc:
Sc:

78.8
78.8
76.8
75.5
65.4

43.5
36.9
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Supplementary Figure S1: List of the probes used in human tRNA microarrays. Each probe hybridizes to one or more tRNAs. These tRNAs are generally present in the genome in

several copies; each copy is reported as indicated in the genomic tRNA database (51). Some tRNAs may contain up to 8 point-mutations when compared to the probes.
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Supplementary Figure S2: Pb2?* acetate footprint autoradiogram. Footprint experiments were
performed on 3'-labeled SctrPesa, transcript in the absence or in the presence of tRip (2.6 to 7.8 uM)

L and 5 mM lead acetate (+). The footprint pattern is similar for all tRip concentrations used. This result is

in agreement with the high Ky value observed between tRNA and tRip and confirms that the majority of
tRNA molecules are in complex even at the lowest tRip concentration. The controls without tRip or
without lead are also shown (-). G stands for the guanine ladder and HA corresponds to the alkaline
ladder.




Probe
Ala-1h
lle-1h
Cys-1h
Gln-1h
Trp-1h
Pro-1h
Arg-2h
Lys-3h
Leu-1h
Ser-4h
Arg-3h
Leu-3h
Asn-1h
Ser-2h
Asp-1h
Tyr-1h
Ser-1h
Sec-1h
Thr-2h
Val-4h
Thr-1h
Thr-5h
Glu-3h
His-1h
Val-1h
Gly-2h
Arg-1h
Gly-1h
Glu-1h
Ala-2h
Leu-2hn
Ser-3h
Lys-2h
Tyr-2h
Leu-4h
Thréh
Lys-1h
Leu-6h
Lys-4h
Met-1h
Thr-3h
Thr-4h
Arg-4h
lle-2h
Val-3h
Met-2h
Phe-1h
Glu-2h

tRNA
tRNA ala(IGC)
tRNA ile(rAT)
tRNA cys(GCA)
tRNA gIn(yTG)
tRNA trp(CCA)
tRNA pro(hGG)
tRNA arg(yCG)
tRNA lys(TTT-2)
tRNA leu(wAG)
tRNA ser(AGA)/cys(GCA)
tRNA arg(CCT)
tRNA leu(CAA)
tRNA asn(GTT)
tRNA ser(wGA)
tRNA asp(GTC)
tRNA tyr(GTA)/cys(GCA)
tRNA ser(CGA)
tRNA sec(TCA)
tRNA thr(TGT-1)
tRNA val(TAC)
tRNA thr(mGT)
tRNA thr(CGT-2)
tRNA glu (TTC-2)/gly(TCC)
tRNA his(GTG)
tRNA val(mAC)
tRNA gly(TCC)
tRNA arg(ICG)
tRNA gly(sCC)
tRNA glu(yTC)
tRNA ala(hGC)
tRNA leu(CAG)
tRNA ser(GCT)
tRNA lys(TTT-1)
tRNA tyr(GTA)
tRNA leu(TAA-1)
tRNA thr(CGT-3)/met-i
tRNA lys(CTT)
tRNA leu(TAA-2)
tRNA lys(TTT-3)
tRNA met-i
tRNA thr(CGT-1)
tRNA thr(TGT-2)
tRNA arg(TCT)
tRNA ile(TAT)
tRNA val(AAC)/ala(TGC)
tRNA met-e
tRNA phe(GAA)
tRNA glu(TTC-1)

tRNA/PftRip

00 00 00 256 13,9 11,2 256 13,9 11,2 16,9 0,0 00 00

00 00 00 07 00 00 07 00 00 0,2 0,0 00 00
00 00 00 00 00 00 00 00 00 0,0 0,0 00 00
00 00 00 00 00 00 00 00 00 0,0 0,0 00 00
00 34 00 00 09 00 00 43 00 1,4 0,0 00 00
37 35 22 19,7 18,7 22,0 23,4 22,3 243 233 53 85 22

54 79 11 67 85 67 120 164 78 121 66 72 60
30 69 71 131 72 13 161 140 84 129 71 28 113
49335 210 00 05 00 49 341 21,0 200 73 85 60
1,6 229 134 00 27 00 116 256 134 169 76 77 74
83 40 70 06 66 57 89 106 128 107 76 65 87
182 147 21,5 112 21,1 184 294 358 399 351 82 64 101
140 184 213 00 19 59 140 203 272 205 85 137 33
66 215 21,6 41 90 22 108 305 237 217 86 38 133
48 20 05 257 21,7 198 305 237 203 248 89 125 53
14 26 16 132 88 23 146 114 39 100 96 94 99
00 00 00 150 138 87 150 138 87 125 101 62 141
58 99 64 326 279 31,9 384 378 384 382 111 175 47
94 00 25 182 55 201 276 55 226 186 117 92 143
141 173 178 07 47 85 147 220 263 21,0 138 167 109

149 50 115 11,4 13,0 15,6 26,3 18,0 27,0 23,8 15,7 13,6 17,7

00 00 o9 [EHl395 321 [e41 395 330 (455 164 114 215

30,4

189 138 185 63 181 156 252 319 340
280 21,9 255 262

215 83 123 77 116 165

1291 215 233 220 265

83 106 9,0

438 274 269 208 313 305

112 141 94 [503) 428 283

25,1 00 79 93 251 459

57 146 109 350

113 147 188 96 70 119 21,0 21,7 307

180 7,7 140 [BO7 213 265 [€87] 29,0

240 105 163 155 163 198

285 255 318 322

31,0

29,1 19,9 288 26,0

27,7
31,1
17,0
28,2
80 12,7 193 36,2 30,4 47,0 37,9

-I
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Probe
Ala-1h
Ala-2h
Arg-1h
Arg-2h
Arg-3h
Arg-4h
Asn-1h
Asp-1h
Cys-1h
Gln-1h
Glu-1h
Glu-2h
Glu-3h
Gly-1h
Gly-2h
His-1h
lle-1h
lle-2h
Leu-1h
Leu-2hn
Leu-3h
Leu-4h
Leu-6h
Lys-1h
Lys-2h
Lys-3h
Lys4H
Met-1h
Met-2h
Phe-1h
Pro-1h
Sec-1h
Ser-1h
Ser-2h
Ser-3h
Ser-4h
Thr-1h
Thr-2h
Thr-3h
Thr-4h
Thr-5h
Thréh
Trp-1h
Tyr-1h
Tyr-2h
Val-1h
Val3H
Val-4h

NO SELECTION

tRNA
Human nuclear tRNA ala(IGC)
Human nuclear tRNA ala(hGC)
Human nuclear tRNA arg(ICG)
Human nuclear tRNA arg(yCG)
Human nuclear tRNA arg(CCT)
Human nuclear tRNA arg(TCT)
Human nuclear tRNA asn(GTT)
Human nuclear tRNA asp(GTC)
Human nuclear tRNA cys(GCA)
Human nuclear tRNA gIn(yTG)
Human nuclear tRNA glu(yTC)
Human nuclear tRNA glu(TTC)
Human nuclear tRNA gly(TCC2)
Human nuclear tRNA gly(sCC)
Human nuclear tRNA gly(TCC)
Human nuclear tRNA his(GTG)
Human nuclear tRNA ile(rAT)
Human nuclear tRNA ile(TAT)
Human nuclear tRNA leu(wAG)
Human nuclear tRNA leu(CAG)
Human nuclear tRNA leu(CAA)
Human nuclear tRNA leu(TAA1)
Human nuclear tRNA leu(TAA2)
Human nuclear tRNA lys(CTT)
Human nuclear tRNA lys(TTT1)
Human nuclear tRNA lys(TTT2)
Human nuclear tRNA lys(TTT3)
Human nuclear tRNA met-i
Human nuclear tRNA met-e
Human nuclear tRNA phe(GAA)
Human nuclear tRNA pro(hGG)
Human nuclear tRNA sel-Cys
Human nuclear tRNA ser(CGA)
Human nuclear tRNA ser(wGA)
Human nuclear tRNA ser(GCT)
Human nuclear tRNA ser/cys
Human nuclear tRNA thr(mGT)
Human nuclear tRNA thr(TGT1)
Human nuclear tRNA thr(CGT1)
Human nuclear tRNA thr(TGT2)
Human nuclear tRNA thr(CGT2)
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4 tRNAs per tRip dimer
Bound tRNAs Free tRNAs

Probe tRNA %o %o
Ala-1h Human nuclear tRNA ala(IGC)  HS1 0.0 25.6
Ala-2h Human nuclear tRNA ala(hGC)  HS2 25.1 0.0 Bound tRNAs
Arg-1h Human nuclear tRNA arg(ICG)  HS3 8.3 91.1
Arg-2h Human nuclear tRNA arg(yCG)  HS4 5.4 6.7 )
Arg-3h Human nuclear tRNA arg(CCT)  HS5 8.3 0.6 @
Arg-4h Human nuclear tRNA arg(TCT)  HS6 28.2 8.0
Asn-1h Human nuclear tRNA asn(GTT) HS7 14.0 0.0 8
Asp-1h Human nuclear tRNA asp(GTC) HS8 4.8 25.7 ®)
Cys-1h Human nuclear tRNA cys(GCA)  HS9 0.0 0.0 O)
GlIn-1h Human nuclear tRNA gIn(yTG)  HS10 0.0 0.0 %
Glu-1h Human nuclear tRNA glu(yTC)  HS11 11.2 50.3 3
Glu-2h Human nuclear tRNA glu(TTC)  HS12 44.4 86.7 )
Glu-3h Human nuclear tRNA gly(TCC2) HS13 18.9 6.3
Gly-1h Human nuclear tRNA gly(sCC) ~ HS14 43.6 20.8
Gly-2h Human nuclear tRNA gly(TCC)  HS15 29.1 22.0
His-1h Human nuclear tRNA his(GTG) HS16 38.4 21.9
lle-1h Human nuclear tRNA ile(rAT) HS17 0.0 0.7
lle-2h Human nuclear tRNA ile(TAT) HS18 28.4 19.3
Leu-1h Human nuclear tRNA leu(wAG) HS19 4.9 0.0
Leu-2hn Human nuclear tRNA leu(CAG) HS20 29.3 5.7
Leu-3h Human nuclear tRNA leu(CAA)  HS21 18.2 11.2
Leu-4h Human nuclear tRNA leu(TAA1) HS22 30.4 34.3
Leu-6h Human nuclear tRNA leu(TAA2) HS23 33.7 48.8
Lys-1h Human nuclear tRNA lys(CTT) HS24 35.5 46.4
Lys-2h Human nuclear tRNA lys(TTT1) HS25 18.0 50.7
Lys-3h Human nuclear tRNA lys(TTT2) HS26 3.0 13.1
Lys4H Human nuclear tRNA lys(TTT3) HS27 27.8 27.7
Met-1h Human nuclear tRNA met-i HS28 419 31.1
Met-2h Human nuclear tRNA met-e HS29 58.2 38.5
Phe-1h Human nuclear tRNA phe(GAA) HS30 77.7 29.4
Pro-1h Human nuclear tRNA pro(hGG) HS31 3.7 19.7
Sec-1h Human nuclear tRNA sel-Cys HS32 5.8 32.6
Ser-1h Human nuclear tRNA ser(CGA)  HS33 0.0 15.0
Ser-2h Human nuclear tRNA ser(wGA) HS34 6.6 4.1
Ser-3h Human nuclear tRNA ser(GCT)  HS35 11.3 9.6
Ser-4h Human nuclear tRNA ser/cys HS36 11.6 0.0
Thr-1h Human nuclear tRNA thr(mGT) HS37 14.9 11.4
Thr-2h Human nuclear tRNA thr(TGT1) HS38 9.4 18.2
Thr-3h Human nuclear tRNA thr(CGT1) HS39 45.5 17.0
Thr-4h Human nuclear tRNA thr(TGT2) HS40 48.8 28.2
Thr-5h Human nuclear tRNA thr(CGT2) HS41 0.0 64.1
Thréh Human nuclear tRNA thr/met-i  HS42 23.6 15.6
Trp-1h Human nuclear tRNA trp(CCA)  HS43 0.0 0.0
Tyr-1h Human nuclear tRNA tyr/cys HS44 1.4 13.2
Tyr-2h Human nuclear tRNA tyr(GTA)  HS45 24.0 15.5
Val-1h Human nuclear tRNA val(mAC) HS46 21.5 7.7
Val3H Human nuclear tRNA val/ala HS47 71.2 4.8
Val-4h Human nuclear tRNA val(TAC)  HS48 14.1 0.7
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Probe
Ala-1h
Ala-2h
Arg-1h
Arg-2h
Arg-3h
Arg-4h
Asn-1h
Asp-1h
Cys-1h
Gln-1h
Glu-1h
Glu-2h
Glu-3h
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Gly-2h
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Leu-2hn
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10 tRNAs per tRip dimer
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Supplementary Figure S3: Raw data from the different MIST experiments. (A) Summary of results. The darkest grey spots correspond to the tRNAs most
represented in a given fraction and the lightest greys correspond to the least represented tRNAs. S represents the mean of “Free + Bound tRNAs” after selection
and U the mean of total tRNAs without selection. (B-E) Averages were calculated from the values measured on the 8 replicates of each probe and were referred to
the total radioactivity measured on the microarray (%,,). The proportions of each tRNA were calculated in (B) two independent samples of total human tRNA
purified from HeLa cells without selection (unselected tRNAs-1 and unselected tRNAs-2), and in the bound or free fractions after selection in the presence of tRip in

different ratios: (C) 4 tRNAs per tRip dimer, (D) 10 tRNAs per tRip dimer, and (E) 20 tRNAs per tRip dimer.



S. cerevisiae Arclp T. Brucei MCP2
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Supplementary Figure S4: List of tRNAs recognized by Arc1p from S. cerevisiae (18) and MCP2 from T. brucei (17). The tRNAs are presented according to their relative
affinity for each protein. Bolded tRNAs indicate that their cognate aaRS is present in the MARS complex of S. cerevisiae or T. brucei. Technical approaches as well as

corresponding publications are indicated at the bottom of the figure.



Supplementary Table S1: Results of mass spectrometry experiments on purified native tRNAs.

A Homo sapiens tRNA B Saccharomyces cerevisiae tRNAs
Human tRNA Arg ACG m/z z molecular mass (Da) RNase sequence tRNA SctRNALeu(CAA) m/z z molecular mass (Da) RNase sequence tRNA
994,79 2 1990,6 T1  [m1GJAUCAGp Arg ACG 1054.47 3 3165.4 Tl AAUCUCUUAG>p Leu CAA
980,8 2 2232,6 T1 A[DJAACGp Arg ACG 925.49 3 2778.5 T1 CAACCACCA Leu CAA
1115,8 2 2232,6 T1 [mlA]CUCCUGp ArgACG 1060.49 3 3183.5 Tl AUU[mSC]AA[mlG]CUCAGp Leu CAA
1129,3 2 2259,6 T1  A[D]JU[mM5CJUAGp Arg ACG 961.13 2 19233 T1 [DIC[D]AAG>p Leu CAA
971,8 2 1944,6 T1 A[DJAACG>p Arg ACG
816,2 2 1633,4 T1 CAADIGp Arg ACG SctRNAlle(IAU) m/z z molecular mass (Da) RNase sequence tRNA
978,3 2 1957,6 T1 C[m2,2G]UCUGp Arg ACG 1043.15 2 2087.3 Tl AU[t6AJACG>p lle AAU
1126,7 2 2254[4 T1 A[D]U[mSC][mSC]AGp ArgACG 849.76 3 2551.3 Tl UCUCUU[mlG][mZG]p Ile AAU
1307,7 2 2616,4 MC1 UCAGAAGA>p Arg ACG 1071.68 2 2144.4 T1 ACCACCA lle AAU
1119,2 2 2239,3 MC1 UGA[Cm]U[I]C>p Arg ACG
1317,7 2 2636,4 MC1 U[m1G][m2G]CGCAASp Arg ACG SctRNATrp(CCA) m/z  z molecular mass(Da) RNase sequence tRNA
1451,8 2 2904,5 MC1 [DJAACGC[m2,2G]UC>p Arg ACG 1301.18 2 2603.4 T1 CUCAAD[Gm]Gp Trp CCA
966,6 2 1934,2 MC1 UGA[Cm]U[I]>p Arg ACG 808.78 3 2428.3 T1  UUUCACCA Trp CCA
1280,7 2 2562,4 MC1 [D]U[m5C]CAGGU>p Arg ACG 1157.82 3 3475.5 T1  [m5UJU[m1AJUUCCUG>p Trp CCA
1298,2 2 2597,4 MC1 [D]GGA[D]JAAC>p Arg ACG 1172.84 3 3520.5 T1 A[Cm]U[Cm]CAAAUCG>p Trp CCA
1461,7 2 2924,4 MC1 UCAGAAGA[D]>p Arg ACG
1310,2 2 2621,4 MC1 A[Cm]U[IIG[m1G]A>p Arg ACG SctRNAVal(AAC) m/z z  molecular mass(Da) RNase sequence tRNA
1090,2 3 3272,5 MC1 UGA[CM]U[IIG[m1G]A>p Arg ACG 933.81 3 2803.4 Tl AAAUCACCA Val AAC
1133,6 2 2268,2 MC1 U[m5C][m5CJAGGU>p Arg ACG 11785 3 3537.5 T1  AAC[m7G][D]C[m5C]CCAG>p Val AAC
805.62 2 1612.2 T1 ACACG>p Val AAC
947.12 2 1895.2 T1 CAUCUG>p Val AAC
SctRNAMeti m/z z  molecular mass (Da) RNase sequence tRNA
836.11 2 1673.3 T1  U[m1G][m2G]CG>p Meti
1178.63 2 2358.3 Tl pAGCGCCG>p Meti
1200.14 2 2401.3 T1  [m7G][D]Im5C][m5CIUCG>p Meti
946.61 2 1894.2 Tl CCCUGA>p Meti
1311.19 1 1311.2 T1  C[m2,2G]JCA>p Meti
SctRNAPhe(GAA) m/z z molecular mass (Da) RNase sequence tRNA
966.62 2 1934.2 T1  AUUUAM2G]>p Phe GAA
129169 2 2584.4 T1 [m1AJUCCACAGp Phe GAA
989.14 2 1979.3 T1  C[m2,2G]CCAGp Phe GAA
975.62 2 1952.2 T1  AUUUA[M2G]p Phe GAA
1316.86 3 3952.6 T1  AICM]U[GM]AA[M1GJAU[M5CJUGp Phe GAA
1387.22 3 4163.7 T1  AICM]U[GM]AA[yW]AU[M5CIUGp  Phe GAA

(A) Homo sapiens tRNAA,~ was efficiently purified from total human tRNAs. This analysis allowed us to determine the nature of the modified bases present in this tRNA for the first
time. (B) Six S. cerevisiae tRNAs were analyzed: tRNALeU: 5, tRNANE 1+, tRNATP 5, tRNAVAAAC tRNAMeti tRNAPhe 4.



Supplementary Table S2: Looking for a correlation between MIST affinity
and codon usage in P.falciparum (%).

Probe tRNA MIST corresponding codons codon usage P.falc
Ala-1h Ala(IGC) GCC-GCT-GCA 34.7
Ser-1h Ser (CGA) TCG 2.4
Thr-5h  Thr (CGT-2) ACG 3.6
Asp-1h Asp(GTC) GAC-GAT 64.9
Arg-1h Arg(iCG) CGU-CGC-CGA 6.1
Pro-1h Pro(hGG) 0.14 CCA-CCC-CCG-CCT 32.4
Thr-2h  Thr(TGT-1) 0.15 ACA-ACG 26.4
Sec-1h Sec(TCA) 0.19 Stop
Glu-1h Glu(yTC) 0.23 GAG-GAA 83.4
Tyr-1h Cys (GCA) 0.24 TGT-TGC 19
lys-2h  Lys(TTT-1)  0.29 AAA-AAG 104.4
Arg-2h Arg(yCG) 0.35 CGG-CGA 2.4
leu-6h  Leu(TAA-2) 0.38 TTA-TTG 60.6
Thr-1h Thr (mGT) 0.42 ACT-ACG 17.8
Glu-2h  Glu(TTC-1) 0.43 GAA-GAG 83.4
Lys-1h Lys (CTT) 0.44 AAG 18
Leu-4h  Leu(TAA-1) 0.46 TTA-TTG 60.6
Gly-2h Gly(TCC) 0.47 GGA-GGG 22.9
Tyr-2h Tyr (GTA) 0.48 TAC-TAT 44
lys-3h  Lys(TTT-2)  0.51 AAA-AAG 104.4
Leu-3h Leu(CAA) 0.52 TTG 10.1
Val-1h Val (mAC) 0.53 GTT-GTG 23.7
Thr-4h  Thr (TGT-2) 0.53 ACA-ACG 26.4
Gly-1h Gly(sCC) 0.54 GGC-GGT-GGG 23.3
Thr-3h  Thr(CGT-1)  0.55 ACG 3.6
Met-2h Met-e 0.57 ATG 18.5
Lys-4h  Lys(TTT-3) 0.57 AAA-AAG 104.4
Glu-3h  Glu(TTC-2)  0.58 GAA-GAG 83.4
His-1h His (GTG) 0.58 CAC-CAT 21.3
Met-1h Met-i 0.58 ATG 18.5
Thréh Met-i 0.58 ATG 18.5
Ser-3h Ser (GCT) 0.61 AGC 3.8
Arg-3h Arg(CCT) 0.62 AGG 3.4
Phe-1h Phe (GAA) 0.64 TTT-TTC 39
Arg-4h Arg(TCT) 0.65 AGA-AGG 20.1
lle-2h Ile(TAT) 0.71 ATA 40.3
Ser-2h Ser (WGA) 0.74 TCA-TCG-TCT 38.4
Val-3h Ala(TGC) 0.76 GCA-GCG 18
Leu-2hn Leu(CAG) 0.79 CTG 1.2
Val-4h Val(TAC) 0.81 GTA-GTG 23.3
Ala-2h Ala(hGC) 0.89 GCA-GCG-GCT 32.1
Asn-1h Asn(GTT) 0.9 AAC-AAT 112.7

Ser-4h Ser (AGA) TCT 16.4
Leu-1h Leu (WAG) CTA-CTT 14.7



