
Supplementary Information 

 

Supplementary Tables 

 

Supplementary Table 1. Number (and percentage) of MHV-mapping reads guanylated, 

uridylated, mono- and oligo-uridylated in each Nanopore sequencing library.  All reads passed the 

poly(A) tail calling quality control and had a confidence interval >0.95 for barcode assignment. 

 
  



Supplementary Table 2. Number of total reads, number of reads mapped to the MHV genome, 

number of reads mapped to endogenous transcripts, number of detected transcripts, and number of 

detected genes. 

 
  



Supplementary Table 3. 3' terminal sequences from MHV virion RNAs obtained by RNA 

circularization. Clones from two independent replicates are shown. Terminal modifications to the 

poly(A) tail are highlighted in red.  

 

Replicate Colony Sequences 

1 1 
CATGGCCAATTGGAAGAATCACAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAA 

1 2 
CATGGCCAATTGGAAGAATCACAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAA 

1 3 
CATGGCCAATTGGAAGAATCACAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAA 

1 4 
CATGGCCAATTGGAAGAATCACAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AA 

1 5 CATGGCCAATTGGAAGAATCACAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 

1 6 CATGGCCAATTGGAAGAATCACAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 

1 7 CATGGCCAATTGGAAGAATCACAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAATTT 

1 8 CATGGCCAATTGGAAGAATCACAAAAAAAAAAAAAAAAAAAAAAAAAAA 

1 9 CATGGCCAATTGGAAGAATCACAAAAAAAAAAAAAAAAAAAAAAAATT 

1 10 CATGGCCAATAGGAAGAATCACAAAAAAAAAAAAAAAAAAAAAAA 

1 11 CATGGCCAATTGGAAGAATCACAAAAAAAAAAAAAAAAAAA 

1 12 CATGGCCAATTGGAAGAATCACAAAAAAAAAAAAAAAAAA 

1 13 CATGGCCAATTGGAAGAATCACAAAAAAAAAAAAAAAAA 

1 14 CATGGCCAATTGGAAGAATCACAAAAAAAAAAAAAAAAT 

1 15 CATGGCCAATTGGAAGAATCACAAAAAAAAAAAAAA 

1 16 CATGGCCAATTGGAAGAATCACAAAAAAAAAAAAAA 

2 1 CNNGNCCAATTGGAAGANTCNCAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 

2 2 NNGNCCANTNGGAAGAATCNCAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 

2 3 CATGGCCAATTGGAAGAATCACAAAAAAAAAAAAAAAAAAAAAAAAAAA 

2 4 CATGGCCAATTGGAAGAATCACAAAAAAAAAAAAAAAAAAAAAAAAATT 

2 5 CATGGCCAATTGGAAGAATCACAAAAAAAAAAAAAAAAAAAAAAATTT 

2 6 CATGGCCAATTGGAAGAATCACAAAAAAAAAAAAAAAAAAAAAAA 

2 7 CATGGCCAATTGGAAGAATCACAAAAAAAAAAAAAATTTTTA 

2 8 CATGGCCAATTGGAAGAATCACAAAAAAAAAAAAAAAAAAAA 

2 9 CATGGCCAATAGGAAGAATCACAAAAAAAAAAAAAAAAAA 

2 10 CATGGCCAATTGGAAGAATCACAAAAAAAAAAAAAAAAA 

2 11 CATGGCCAATTGGAAGAATCACAAAAAAAAAAAAAAAA 

2 12 CATGGCCAATTGGAAGAATCACAAAAAAAAAAAAAAA 

  



Supplementary Table 4.  Mean percentages of non-modified poly(A) tails, mono-uridylated tails, 

oligo-uridylated tails, and guanylated tails for the different libraries generated split by MHV RNA 

species. 

 

  



Supplementary Table 5. Number (and percentage) of guanylated, uridylated, mono- and oligo-

uridylated reads mapping to endogenous transcripts in each Nanopore sequencing library. All reads 

passed the poly(A) tail calling quality control and had a confidence interval >0.95 for barcode 

assignment. 

 

  



Supplementary Table 6. shRNA vectors for generating 17-CL1 lentiviral stable cell lines. 

Cell line name Known-down target gene  shRNA sense sequences 

17-CL1 shCTL Non-target shCTL: ATCTCGCTTGGGCGAGAGTAAG 

17-CL1 

shTUT4/7  

Tut4 and Tut7 

 

shTut4: GAGGAAACGTGTCCGAGTA 

shTut7: AGGATTTTCCAGGAACTAA 

 

Supplementary Table 7. qPCR primers. 

Gene ID Forward primer Reverse primer 

Tut4 AAGTCAGAAATTGGGACCAGC TGGCAGCGTTTACTTTACATGAT 

Tut7 TGGTCTGGGAATACACTGACA AACTCTAAAGCATAGAACCGCAG 

Gapdh AATGGATTTGGACGCATTGGT TTTGCACTGGTACGTGTTGAT 

 

Supplementary Table 8. Oligos used to generate spike-ins of different poly(A) tail lengths. 

Oligo name Oligo sequence 

RNA-Spike_Frw CGTCGAGGAGTAATACGACTCACTATAGAATCCTGGCCCAGTGAGCAA 

RNA-Spike_8 T(8)GGCACAGTCGGCACATACACGCTCACAGGCTGATCAGCGAGCTCTA 

RNA-Spike_16 T(16)GGCACAGTCGGCTCGTCGCGCGCACAAGGCTGATCAGCGAGCTCTA 

RNA-Spike_32 T(32)GGCACAGTCGACAGTGCGCTGTCTATAGGCTGATCAGCGAGCTCTA 

RNA-Spike_64_a T(64)GGCACAGTCGTCACACTCTAGAGCGAAGGCTGATCAGCGAGCTCTA 

RNA-Spike_64_b GGCACAGTCGCGCTGCGAGAGACAGTAGGCTGATCAGCGAGCTCTA 

RNA-Spike_100 GGCACAGTCGATGACAGTGCTCAGTGAGGCTGATCAGCGAGCTCTA 

 

Supplementary Table 9. Splint ligation oligos for direct RNA-seq library preparation.  

Oligo name Oligo sequence Barcode  Percent 

amount  

Oligo 1F /5Phos/GGCTTCTTCTTGCTCTTAGGTAGTAGGTTC 
BC-1 

 

90% 

 Oligo 1R GAGGCGAGCGGTCAATTTTCCTAAGAGCAAGAAGAAGCCTTTTT

TTTTT 

Oligo 2F  /5Phos/GTGATTCTCGTCTTTCTGCGTAGTAGGTTC 
BC-2 

 

3% 

 Oligo 2R GAGGCGAGCGGTCAATTTTCGCAGAAAGACGAGAATCACATTTT

TTTTT 

Oligo 3F /5Phos/GTACTTTTCTCTTTGCGCGGTAGTAGGTTC 
BC-3 

 

2.40% 

 Oligo 3R GAGGCGAGCGGTCAATTTTCCGCGCAAAGAGAAAAGTACAATTT

TTTTT 

Oligo 4F /5Phos/GTACTTTTCTCTTTGCGCGGTAGTAGGTTC 
BC-3 

 

0.45% 

 Oligo 4R GAGGCGAGCGGTCAATTTTCCGCGCAAAGAGAAAAGTACAAATT

TTTTT 

Oligo 5F /5Phos/GTACTTTTCTCTTTGCGCGGTAGTAGGTTC BC-3 0.08% 



Oligo 5R GAGGCGAGCGGTCAATTTTCCGCGCAAAGAGAAAAGTACAAAAT

TTTTT 

  

Oligo 6F /5Phos/GTACTTTTCTCTTTGCGCGGTAGTAGGTTC 
BC-3 

 

0.08% 

 Oligo 6R GAGGCGAGCGGTCAATTTTCCGCGCAAAGAGAAAAGTACAAAA

ATTTTT 

Oligo 7F /5Phos/GGTCTTCGCTCGGTCTTATTTAGTAGGTTC 
BC-4 

 

3% 

 Oligo 7R GAGGCGAGCGGTCAATTTTAATAAGACCGAGCGAAGACCCTTTT

TTTTT 

Oligo 8F /5Phos/GGTCTTCGCTCGGTCTTATTTAGTAGGTTC 
BC-4 

 

0.75% 

 Oligo 8R GAGGCGAGCGGTCAATTTTAATAAGACCGAGCGAAGACCTCTTT

TTTTT 

Oligo 9F /5Phos/GGTCTTCGCTCGGTCTTATTTAGTAGGTTC 
BC-4 

 

0.20% 

 Oligo 9R GAGGCGAGCGGTCAATTTTAATAAGACCGAGCGAAGACCTTCTT

TTTTT 

Oligo 10F /5Phos/GGTCTTCGCTCGGTCTTATTTAGTAGGTTC 
BC-4 

 

0.05% 

 Oligo 10R GAGGCGAGCGGTCAATTTTAATAAGACCGAGCGAAGACCTTTCT

TTTTT 

 

  



Supplementary Figures 

 

 

 

Supplementary Fig. 1. Calibration of the direct RNA sequencing protocol used to 

simultaneously measure poly(A) tail lengths and terminal modifications. (a) Depiction of the 

strategy used to capture terminal mono-uridylation, oligo-uridylation and guanylation. The 

capturing sequence and barcode assignation for each oligo used is shown. (b) A cumulative 

frequency plot for the poly(A) tail length for the different spikes is shown. (c) The poly(A) tail 

length profiles of NCTC cells infected with MHV at 24 hours post-infection (hpi) are shown in 

black for tails without terminal modifications, in green for terminally uridylated tails, and in cyan 

for terminally guanylated tails. Dots represent the frequency of poly(A) tail length for each sample, 

and the horizontal bars show the mean frequency of poly(A) tail length per condition (n = 2 for 

each condition).  

  



 

 

Supplementary Fig. 2. M and E sgRNAs with poly(A) tails shorter than ~22 nucleotides are 

uridylated. (a-b) The poly(A) tail length profiles of the M sgRNA (a) or E sgRNA (b) from 17-

CL1 infected cells at 24 and 48 hours post-infection (hpi) are depicted in black and red, 

respectively. (c) The uridylation profiles of the M sgRNA from 17-CL1 infected cells at 24 hpi 

(black) and 48 hpi (red) are shown. Uridylated reads represent 10.5% and 10.9% of total reads at 

24 hpi and 48 hpi, respectively. (d) The uridylation profiles of the E sgRNA from 17-CL1 infected 

cells at 24 hpi (black) and 48 hpi (red) are shown. Uridylated reads represent 9.2% and 9.7% of 

total reads at 24 hpi and 48 hpi, respectively. Dots represent the frequency of poly(A) tail length 

for each sample, and the horizontal bars show the mean frequency of poly(A) tail length per 

condition (n=3 for all conditions). 

 

  



 

Supplementary Fig. 3. Transcriptomic signature of shCTL and shTUT4/7 cell lines before 

and during infection. (a, b) The relative expression of Tut4 (a) and Tut7 (b) transcripts between 

shCTL and shTUT4/7 cells as determined by qPCR is shown.  Mouse Gapdh was used as an 

internal control. (c) A principal component analysis (PCA) plot from shCTL and shTUT4/7 

triplicates before infection, at 24 hpi and 48 hours post-infection (hpi), is shown. Different samples 

are indicated in different colors. (d) The quantification of viral particles in the supernatant of 

MHV-infected shCTL and shTUT4/7 cells using plaque assay is shown for different time points 

(0, 24, 30, 36, 42, and 48 hpi). Virus quantification from shCTL and shTUT4/7 samples are 

indicated in black and red, respectively. Each dot represents one biological replicate (n = 4), and 

the bars indicate the mean value for each condition at every time point (Two-way ANOVA; ****, 

p<0.0001; ** p<0.01). 



 

 

Supplementary Fig. 4. Gene ontology and pathway analysis of differentially expressed 

transcripts between control and TUT4/7-depleted cells. (a) Volcano plot showing the 

differential gene expression between shCTL and shTUT4/7 cells before infection. Significantly 

up-regulated genes are indicated in red, and significantly down-regulated genes in blue (adjusted 

p-value < 0.05, n=3). (b) Table showing the ten most significantly enriched GO categories with 



their GO IDs and p-values for upregulated transcripts in shTUT4/7 cells before infection. (c) A 

graphical summary of Ingenuity Pathway Analysis (IPA) of differentially expressed transcripts 

upon TUT4/7 depletion before infection is shown with upregulated pathways indicated in orange 

and downregulated in blue. Canonical pathways are indicated with stars. Direct and indirect 

interactions are indicated by full and dotted lines, respectively. (d) Table showing the ten most 

significantly enriched GO categories with their GO IDs and p-values for upregulated transcripts in 

shTUT4/7 cells at 24 hours post-infection (hpi) as in (b). (e) Volcano plot showing the differential 

gene expression between shCTL and shTUT4/7 cells at 48 hpi as in (a). (f) Table showing the ten 

most significantly enriched GO categories with their GO IDs and p-values for upregulated 

transcripts in shTUT4/7 cells at 48 hpi. 



 
 

Supplementary Fig. 5. Poly(A) tail length profiles of all and terminal uridylated endogenous 

transcripts from shCTL and shTUT4/7 cell lines. (a, c) The poly(A) tail length profiles of 

endogenous transcripts from shCTL (black) and shTUT4/7 (red) cells before infection (a), at 24 

hours post-infection (hpi) (b) and 48 hpi (c), are shown. (d) The poly(A) tail length profiles of 

terminally uridylated endogenous transcripts from shCTL (black) and shTUT4/7 (red) cells before 



infection are shown. Uridylated reads represent 3.1% and 2.8% of total reads in shCTL and 

shTUT4/7 cells, respectively. (e) The poly(A) tail length profiles of terminally uridylated 

endogenous transcripts from shCTL (black) and shTUT4/7 (red) infected cells at 24 hpi are shown. 

Uridylated reads represent 3.7% and 2.9% of total reads in shCTL and shTUT4/7 cells, 

respectively. (f) The poly(A) tail length profiles of terminally uridylated endogenous transcripts 

from shCTL (black) and shTUT4/7 (red) infected cells at 48 hpi are shown. Uridylated reads 

represent 2.8% and 2.5% of total reads in shCTL and shTUT4/7 cells, respectively. Dots represent 

the frequency of poly(A) tail length for each sample, and the horizontal bars show the mean 

frequency of poly(A) tail length per condition (n=3 for all conditions). 

 

  



 
 

Supplementary Fig. 6. TUT4/7 alter the uridylation profiles of the M and E sgRNAs at 48 

hpi. (a-b) The poly(A) tail profile of the M sgRNA (a) and E sgRNA (b) from shCTL (black) and 

shTUT4/7 (red) infected cells at 48 hours post-infection (hpi). (c) The poly(A) tail length profiles 

of terminally uridylated M sgRNA from shCTL (black) and shTUT4/7 (red) infected cells are 

shown. Uridylated reads represent 7.2% and 14.1% of total reads in shCTL and shTUT4/7 cells, 

respectively. (d) The poly(A) tail length profiles of terminally uridylated E sgRNA from shCTL 

(black) and shTUT4/7 (red) infected cells are shown. Uridylated reads represent 6.3% and 14.6% 

of total reads in shCTL and shTUT4/7 cells, respectively. Dots indicate the frequency of poly(A) 

tail length for each sample, and the horizontal bars show the mean frequency of poly(A) tail length 

per condition (n=3 for all conditions). 

  



 

 



Supplementary Fig. 7. TUT4/7 do not affect the poly(A) profile of uridylated sgRNAs at 24 

hpi. (a-d) The poly(A) tail profiles of the gRNA/S (a), N sgRNA (b), M sgRNA (c), and E sgRNA 

(d) from shCTL (black) and shTUT4/7 (red) infected cells at 24 hours post-infection (hpi) are 

shown. (e) The poly(A) tail length profiles of terminally uridylated gRNA/S from shCTL (black) 

and shTUT4/7 (red) infected cells are shown. Uridylated reads represent 12.4% and 9.3% of total 

reads in shCTL and shTUT4/7 cells, respectively. (f) The poly(A) tail length profiles of terminally 

uridylated N sgRNA from shCTL (black) and shTUT4/7 (red) infected cells are shown. Uridylated 

reads represent 13.5% and 10.6% of total reads in shCTL and shTUT4/7 cells, respectively. (g) 

The poly(A) tail length profiles of terminally uridylated M sgRNA from shCTL (black) and 

shTUT4/7 (red) infected cells are shown. Uridylated reads represent 16.0% and 11.7% of total 

reads in shCTL and shTUT4/7 cells, respectively. (h) The poly(A) tail length profiles of terminally 

uridylated E sgRNA from shCTL (black) and shTUT4/7 (red) infected cells are shown. Uridylated 

reads represent 14.0% and 10.8% of total reads in shCTL and shTUT4/7 cells, respectively. Dots 

indicate the frequency of poly(A) tail length for each sample, and the horizontal bars show the 

mean frequency of poly(A) tail length per condition (n=3 for all conditions). 

 


