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Figure S1. Effects of all possible 4-to-8-mer sequences on protein expression in the N50-C 
library. (a) – (e) Average enrichments associated with the indicated k-mers and controls as 
follows. Blue data, average enrichment across all library sequences containing the k-mer; 
green data, average enrichment across all library sequences lacking the k-mer; error bars, 
s.e.m.; red line, average enrichment across all library sequences; orange line, enrichment of 
plasmid constructs bearing the unaltered CYC1 3′ UTR sequence, with no random 50-mer. 
Error bars indicate s.e.m. The horizontal axis displays k-mer sequence “rank” based on level 
of expression of N50 sequences containing each k-mer (i.e., the k-mer associated with the 
highest expression is assigned rank 1).  



 

 
 

Figure S2. AU content of k-mers in the (a) N50-C and (b) N50-EPC libraries. For each 
library, k-mers of a given length were separated into 12 bins based on the mean enrichment 
scores of library sequences carrying the given k-mer. Bins on the right-hand side of each plot 
contain k-mers found in sequences associated with the highest mean enrichment scores, and 
bins on the left-hand side of each plot contain k-mers associated with the lowest mean 
enrichment scores.  
 



 
 
 
 
 
 
 

Figure S3. Effects of all possible 4-to-8-mer sequences on protein expression in the N50-EPC 
library. (a) – (e) Average enrichments associated with the indicated k-mers and controls as 
follows. Blue data, average enrichment across all library sequences containing the k-mer; 
green data, average enrichment across all library sequences lacking the k-mer; error bars, 
s.e.m.; red line, average enrichment across all library sequences; orange line, enrichment of 
plasmid constructs bearing the unaltered CYC1 3′ UTR sequence, with no random 50-mer. 
Error bars indicate s.e.m. The horizontal axis displays k-mer sequence “rank” based on level 
of expression of N50 sequences containing each k-mer (i.e., the k-mer associated with the 
highest expression is assigned rank 1).  



 

 
  

Figure S4. Position-specific enrichment and depletion associated with each base in the N50 
region. Probability logo generated by kpLogo for 50,000 random sequences from the (a) N50-
C and (b) N50-EPC libraries. kpLogo weighted sequences using their growth selection 
enrichment (Enr) and searched for k-mers of lengths 1-6. Position numbers shown in red 
indicate enrichment and depletion scores with Bonferroni-corrected p-value < 0.05. 
 



 
 
 
 
 
  

Figure S5. STREME motif analysis. Statistically significant sequence motifs enriched or 
depleted in growth selections performed on each library (Enr > 2.5 standard deviations above 
or below the mean) compared against a random subset of sequences from that library. The 
total numbers of motif occurrences in the library and p-value of motif identification by 
STREME are also shown; also indicated are any significant RNA-binding protein site motif 
matches from TomTom analysis and their corresponding p-values. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Figure S6. Histograms of 3′ UTR sequence motif effects on growth selection enrichment 
across the N50-C library, for the indicated motifs. Note that the motifs shown here correspond 
to those whose mean effects were plotted in Figures 3, 5, 6, 7, and 8. (a) – (j) Each plot shows 
the distribution of variant effects for sequences containing the motif in question (red), those 
lacking this motif (blue), and those containing shuffles of the motif or other control sequences 
as indicated, but not the motif itself (white).  
 



 
 
  Figure S7, part 1 (continued on next page) 



 
  

Figure S7, part 2 (continued on next page) 



 
 
 Figure S7, part 3 (caption on next page) 



  Figure S7. (a) – (f) Histograms of 3′ UTR sequence motif effects on growth selection 
enrichment across the N50-C library, for the indicated motifs and their indicated mutant 
variants, corresponding to the mutational scans of Figure 3. Each plot shows the distribution 
of variant effects for sequences containing the motif in question (red), those lacking this motif 
(blue), and those containing shuffles of the motif or other control sequences as indicated, but 
not the motif itself (white). 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

Figure S8. Average per-position growth selection enrichment (as in Figure 3b,d,f) of N50-C 
3′ UTR library variants containing poly(U) motifs with 6 (a), 8 (b), or 10 (c) sequential U 
bases. Blue, sequences containing the motif; red, average enrichment across all N50-C library 
sequences. Throughout, error bars indicate s.e.m. 

Figure S9. Comparing the gene expression effects of poly(U) sequences with those of equally 
U-rich sequences. Bars correspond to (left to right): mean enrichment across sequences in the 
N50-C library lacking N4U8N4; mean enrichment across sequences containing N4U8N4; and 
mean enrichment across sequences containing shuffles of N4U8N4 with no more than two 
sequential U’s but not N4U8N4 itself, while also excluding all sequences containing the 
consensus efficiency element UAUAUA. Throughout, error bars indicate s.e.m. 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

Figure S10. Histograms of 3′ UTR sequence motif effects on mRNA half-life across native 
yeast genes, based on the data of Geisberg and colleagues [30]. Note that the motifs shown 
here correspond to those whose mean effects were plotted in Figure 8. (a) – (j) Each plot 
shows the distribution of variant effects for sequences containing the motif in question (red), 
those lacking this motif (blue), and those containing shuffles of the motif or other control 
sequences as indicated, but not the motif itself (white).  
 



Supplementary Tables 
 
Table S1: Oligonucleotide sequences. 

Name Purpose Sequence 

Construction of 3′ UTR Libraries 

F_p415-His Linearize p415-Cyc1-
His3 by inverse PCR

TACAGACGCGTGTACGCATGTAACATTAT
ACTG

R_p415-His Linearize p415-Cyc1-
His3 by inverse PCR

CTACATAAGAACACCTTTGGTGGAGGGAA
CATC

N50-EPC Encode 50-EPC library 

GTTCCCTCCACCAAAGGTGTTCTTATGTA
GNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNTATT
TATTTTTTTATAGTTATGTTAGTATTAAGA
ACGTTATTTATATTTCAAATTTTTCTTTTTT
TTCTGTACAGACGCGTGTACGCATGTAAC
ATTATA

N50-C Encode 50-C library 

GTTCCCTCCACCAAAGGTGTTCTTATGTA
GNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNCAA
ATTTTTCTTTTTTTTCTGTACAGACGCGTG
TACGCATGTAACATTATA 

F_N50_lib 
Amplify N50-EPC and 
N50-C oligos and make 
double stranded 

TACCAACGATGTTCCCTCCACCAAAGGTG
TTCTTATGTAG 

R_N50_lib 
Amplify N50-EPC and 
N50-C oligos and make 
double stranded 

AGGTTTTCAGTATAATGTTACATGCGTAC
ACGCGTCTGTA 

Construction of Sequencing Libraries 

F pri_p415-
HIS3_add P5_0 

Amplify 3′ UTR for 
deep sequencing; adds 
P5 adapter and 
sequencing index 

AATGATACGGCGACCACCGAGATCTACAC
CATGAGCTGCGGTTGCCATAAGAGAAGC 

F pri_p415-
HIS3_add P5_2 

Amplify 3′ UTR for 
deep sequencing; adds 
P5 adapter and 
sequencing index 

AATGATACGGCGACCACCGAGATCTACAC
GTACATCAGCGGTTGCCATAAGAGAAGC 

R pri_p415-
HIS3_add P7_0 

Amplify 3′ UTR for 
deep sequencing; adds 
P7 adapter and 
sequencing index 

CAAGCAGAAGACGGCATACGAGATACAT
GTCGTATAATGTTACATGCGTACACGCGT 

 Amplify 3′ UTR for CAAGCAGAAGACGGCATACGAGATTAGT



R pri_p415-
HIS3_add P7_2 

deep sequencing; adds 
P7 adapter and 
sequencing index 

GCATTATAATGTTACATGCGTACACGCGT 

R pri_p415-
HIS3_add P7_3 

Amplify 3′ UTR for 
deep sequencing; adds 
P7 adapter and 
sequencing index 

GCAAGCAGAAGACGGCATACGAGATGCA
TACTTATAATGTTACATGCGTACACGCGT 

R pri_p415-
HIS3_add P7_4 

Amplify 3′ UTR for 
deep sequencing; adds 
P7 adapter and 
sequencing index 

CAAGCAGAAGACGGCATACGAGATTAGC
ATGCTATAATGTTACATGCGTACACGCGT 

R pri_p415-
HIS3_add P7_5 

Amplify 3′ UTR for 
deep sequencing; adds 
P7 adapter and 
sequencing index 

CAAGCAGAAGACGGCATACGAGATTTAA
GTGTTATAATGTTACATGCGTACACGCGT 

R pri_p415-
HIS3_add P7_6 

Amplify 3′ UTR for 
deep sequencing; adds 
P7 adapter and 
sequencing index 

CAAGCAGAAGACGGCATACGAGATGGTT
AACTTATAATGTTACATGCGTACACGCGT 

Sequencing 
Read 1 

Sequencing primer for 
Read 1 

TACCAACGATGTTCCCTCCACCAAAGGTG
TTCTTATGTAG

Sequencing 
Read 2 

Sequencing primer for 
Read 2 

AGAAAAATTTGAAATATAAATAACGTTCT
TAATACTAACATAACTATAAAAAAATAAA
TA

Sequencing 
Index 1 

Sequencing primer for 
Index 1 

TTTATATTTCAAATTTTTCTTTTTTTTCTGT
ACAGACGCGTGTACGCATGTAACATTATA

Sequencing 
Index 2 

Sequencing primer for 
Index 2 GCTTCTCTTATGGCAACCGC 

 
 


