Supplementary Materials

Supplementary Table 1. Nucleotide frequencies (%) at different codon sites in a non-redundant
set of 19317 human mRNAs.

Nucleotide Codon site 1 Codon site 2  Codon site 3

A 0.2666 0.3094 0.1908
U 0.1731 0.2633 0.2156
G 0.3132 0.1941 0.2923
C 0.2470 0.2333 0.3013




Supplementary Table 2. Dinucleotide frequencies (%) at three codon sites in abundant and rare
human mRNAs. Dinucleotide frequencies were calculated from a non-redundant set of 19317
human mRNAs, 3227 abundant mRNAs (>108 ESTs in GenBank) and 3639 rare mRNAs (1-15
ESTs in GenBank). Frequencies of CC, UG, CA at codon sites [1,2], GG at sites [2,3] and CC at
positions [3,1] are significantly enhanced, while levels of AA and GA at positions [1,2] and UG
at sites [3,1] are significantly reduced in highly abundant transcripts relatively to low abundant
transcripts.

Dinucleotide Sites [1,2] Sites [2,3] Sites [3,1]
Abund Rare All Abund Rare All Abund Rare All
CG 3.15 335 338 291 244 268 428 422 419
GC 699 730 7.11 724 622 6.70 7.69 7.05 7.59
UA 285 3.07 290 2.83 266 282 339 3.72  3.55
AU 6.49 7.05 6.63 559 643  6.02 287 260 273
CcC 6.57 586 6.19 883 820 847 897 8.00 8.61
GG 692 6.88 6.69 577 486 537 996 10.21 10.16
uu 582 561 573 539 583 558 385 347  3.65
AA 8.68 10.20 9.32 635 688  6.67 496 486 4.96
uG 461 330 3.89 10.32 10.25 10.37 8.85 10.61 9.58
CA 739 677 7.23 589 583 590 10.22  10.77 10.33
AG 599 5.04 557 10.11 11.46 10.84 699 776 7.43
CuU 826 734 7.93 6.19 643 6.24 7.66 6.57 7.03
AC 520 516 5.17 732  7.68  7.50 378 359 3.73
GU 571 621 5.98 3.84 378  3.75 395 392 392
GA 10.46 1241 11.58 382 372 371 742 777 7.53
ucC 505 457 4381 7.74 747  7.50 492 467 481




Supplementary Table 3. Trinucleotide frequencies in abundant and rare human mRNAs. Trinucleotide frequencies were calculated
from a non-redundant set of 19317 human mRNAs (All), 3227 abundant mRNAs (>108 ESTs in GenBank) and 3639 rare mRNAs (1-
15 ESTs in GenBank). mRNA sequences with complete CDSs and at least 30 nt 5'UTRs and 3'UTRs were used in this analysis.
Frequencies of codons for histidine, proline, cysteine and tryptophan are significantly enhanced, and codon frequencies for lysine,
asparagine, aspartate and glutamate are significantly reduced in highly abundant transcripts, as compared to rare transcripts.
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Supplementary Table 4. Frequencies of trinucleotides (F). complementary trinucleotides (F.),
base paired trinucleotides (f), and base paired complementary trinucleotides (f;) at codon sites
[2,3,1]. The 3" four-fold degenerate codon positions are boldfaced.

Trinucleotides Complementary trinucleotides
Sequence F f Sequence F. fe
CCA 0.542 0.676 TGG 0.618 0.723
CCC 0.385 0.375 GGG 0.312 0.417
CCG 0.144 0.127 CGG 0.132 0.125
GCA 0.376 0.436 TGC 0.470 0.577
GCC 0.372 0.313 GGC 0.316 0.446
GCG 0.158 0.145 CGC 0.131 0.161
TCA 0.352 0.371 TGA 0.413 0.470
TCC 0.246 0.209 GGA 0.282 0.334
TCG 0.068 0.037 CGA 0.060 0.040
xCx 0.293 0.299 xGx 0.304 0.366
CTA 0.164 0.131 TAG 0.119 0.096
CTC 0.268 0.256 GAG 0.303 0.263
CTG 0.376 0.381 CAG 0.349 0.367
GTA 0.086 0.067 TAC 0.090 0.059
GTC 0.137 0.115 GAC 0.175 0.124
GTG 0.226 0.175 CAC 0.216 0.208
TTA 0.122 0.095 TAA 0.113 0.065
TTC 0.194 0.155 GAA 0.257 0.163
TTG 0.196 0.144 CAA 0.235 0.153

XTx 0.197 0.169 XAX 0.206 0.166




Supplementary Table 5. Differences in base pairing levels (Af) between codon sites [1,2], [2.3],
and [3,1] in the human mRNAs and in randomized sequences.

Sequences Codon sites [1,2] Codon sites [2,3] Codon sites [3,1]
Afy 5 P-value Afy 3 P-value Afy 4 P-value

Real mRNAs .01365+.00047 .02272+.00047 .00907+.00047

Random CC .01112+.00045 10 .00537+.00044 107" -.00576+.00044 107%°
Random NS .00042+.00046 10 .00051+.00046 107 .00019+.00046  10™*°
Random CSx4  .01128+.00047  10° .01609+.00047 1072 .00480+.00047 10°°
Random CCx4  .01101+.00046 10 .01199+.00045 10 .00097+.00045 107
Random DCS  .01307+.00045 0.2 .02141+.00045  0.03 .00834+.00046  0.12
Random DNS  .00026+.00045 107 .00007+.00045 107" .00019+.00045 107

Abbreviations: Real mRNAs, coding sequences of 19,317 native human mRNA; Random CC,
mRNA sequences with randomly chosen synonymous codons; Random NS, sequences with
randomly shuffled nucleotides and the same nucleotide composition as native mRNAs; Random
CSx4, sequences with shuffled 4-fold degenerate synonymous codons; Random CCx4,
sequences with randomly chosen 4-fold degenerate synonymous codons; Random DCS,
dicodone shuffling that preserved dinucleotide frequencies, encoded amino acid sequence, and
codon usage of native mRNAs; Random DNS, random shuffling of all dinucleotides that retained
nucleotide composition of native mRNAs. Start and stop codons were excluded from this

analysis.




Supplementary Figure 1. Profiles of nucleotide involvement in different secondary structure
elements around the start codon (A and C) and the stop codon (B and D) in in 19,317 human
mRNAs (A and B) and 20,892 mouse mRNAs (C and D). Positions from -30 to -1 correspond to
5'UTRs and positions from 1 to 30 correspond to CDSs. Blue, base paired nucleotides; red,
nucleotides in multi-branch loops; green, nucleotides in internal loops; black, nucleotides in

hairpins.
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Supplementary Figure 2. Summarized histogram of nucleotide base pairing for 622 human tRNAs. Sequences of tRNAs were
computationally folded as described in Materials and Methods. Eight major peaks on the hisogram correspond to eight canonical

tRNA stem structures.
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